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INTRODUCTION,~,. 

The first suggestion that hUlllan beings cou19'; bt;! c:liffe:r:;ientiated by means 

of their blood came in 1900 when Karl Landsteiner discovere:d the first known 
, 

blood types. Since that time, geneticists have made major ~ontributions to 

our knowledge of' the individualizing characteristics of fre,~h bloQa and to 

our techniques of blood analysis. These momentous discover'!i.es were quickly 

put to use in the field of clinical medicine, and methodology was standard-

ized for routine blood analysis in the clinical laboratory. However, the 

forensic scientist has been remarkably slow in utilizing thl~se fin~ings and 
.~ 

~dapting this methodology to the need~ of the crime laboratory. 

The National Institute of Law·Enforcement and Criminal Ju~tice, Law 
"" ",' . 

. ) Enforcement Assistance Administration (LEAA), has undertaken to raise the 

() 

\' 

'j, 

qual·i ty. and availability of forensic services in this country. This agency 

contracted with The Aerospace Corporation to assess the state of the art of 
<. 

forensic blood analys~s for iderltification purposes in the United States, to 

~~!he proble~s to be overcome in increasing the use of blood analysis 

techniques in crime laboratories, and to identify promising app:r,oc:lches toward 

the solution of these problems. In April, 1974, The Aerospace Corpora.tion 

issued a report (1) on its survey and assessment of blood and bloodstain 
(I 

analysis in American crime laborato~ies. Reference will again be made to the 
JI 

findings and recommendations of this A~rospace report. 

Having determined some of the problems, The ~'erospace Corporation, 

sponsored by LEAA, undertook a program for the development of methodology 

and equipment for blood and bloodstain analySis which would meet the particular 

needs of the U.S. crime laboratory. 
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Ir(oct~ber of 1973, 'T.¥ Aerospace Corpo:r'ation published a so~i,citation 
for researdh and develop!~ent sources for a blood analysis methodology. 

Beckman In~truments Inc., A'dvanced Technology Ope;ations (ATO) responded 

a Letter I~f Interest, stating that Beckman ATO, in cooperation with this 

Universi1Cy laborat0:i:'Y, "offered unparalleled program capability in the 

with 

:;,'- " In April of 1974, Beckman ATO technologies appropriate to the problem areas • 

submit1;ed a pr.9posal .,!.!-Bioodstain ,AnCfJ.YSis pr~~."."to the Aerospace Corporation. 

, . w~th the tech'n-~cal ass;stance of D~. Benjamin W. Grunbaum This proposal, written ~ • ~ 

of the White Mountain Research Station (WMRS) of the University of Ciali.fornia, 

f th d 1 gy for, the analysis of protein and proposed that the development 0 me 0 0 0 
! 
i • bloods+a;ns be carried out at the WMRS under a major en\~yme systems ~n .. ... 

, . :. f C l' f ia tJl timately the AeY10space subcontract with the Univers~ty 0 a ~ orn • 

60ntract was awarded, to Mason Research Institute. However, Aerospace Corpora-

tion terminated all cWOI' on ~s • k th e p ..... o.J·ec.t prior to the scheduled Feasibility 

Verification Demonstration. 

In .. June of 197, e erospace ... 6 Th A Co ..... poration issued a Statement of Work 

for a Bloodstain Analysis System (2) with a subject request for proposaL 

Again with the assistance of Dr. Grunbaum, BeCkma~ responded with a 

proposal for "An Electrophoretic Bloodstain Analysis Progrs,m". At the request 

of The Aerospace Corporation, this proposal was clarified (October" 1976) to 
, ~ 

D G ..... unbaum· would._ Ve'~key invest._igator .J ... a, sub~ontract with specify that r. ... ('"'¥ ~ 

the University of California. Subsequently, The Aeros;pace\ Corporation awarded 

Beckman a subcontract1 to provide the necessary 
II • 

personl:lel, II servl.ces, 

" ~ 
materia~s, 

1 Aerospace Subcontract W-67854 to Beckman ATO. 
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and faGilities to complete 'the tasks and subtasks described in that Statement 

of Work. ,i'rhrough a subcontr·act
2 

awarded to the Regents of the Univel~_~i ty of 

Californ~a, WMRSentered into an agreement to J!:ive te~!mic9_1 support in the 

develol?memt of this Bloodstain Analysis System (BAS) with Dr. "Grunbaum and 
" 

prOfe~,S$p1(ellO Pace focting as Co-Principal Investigators and Dr. Gt1unbaum 
I 

desiglMated as Project Director for the University. 
/! :1 

/l.'he technical requirements for the proposed BAS were inspired by the /I I. 

t~( J 

earJ:'j:er Aerospace survey (1) of the needs of American crime laboratories for Y' 
:: 1/' 'I:' 

im~l~bved blood analysis, methodology. Wi th the information available at the 

ti!h~ the University acdept~d the subcontract, these technical requirements 

s;a(~med both feasible and ,desirable. 1 .; Furthermore, there was assurance that all 

inter~sted parties fully understood the nature of the research anq development 

to be undertaken
3

• Ther~l was realistic acceptance of the fact'~that new data 

and unexpected result{ mighVnecessitate modification in the basic p~ogram 
.t;.. ,. 

. • h" II- • 1:' plan, and provisions were made to ~plement sue reV'1.s~ons +.n c;~,t~pie.y manner 
n 

to preclude itfefficient use of manpoHer and . unfavorable, cost variances 
I, 

associated with such inefficiencies.,,3 
~c_co s. ~ 

The work, pfl-J;;aILin. Jahuar...Y..-l977. and progressed with !1'lighly satisfiaGtory 

laboratory results. Understanding and corrnnunity of purpose was promoted in 

large measure through the efforts and ac!ministratiye skills of Mr. G. Roberts 

and R.'Kennel of The Aerospace Corporation. 

2 Beckman Subcontract Z-847905-G to University of California, WMRS. 
o " 

'I ,., 
c~~ 

3 "10.1.1. Program Plan. Revisions (SOW 5.1.1.). It is probable that the 
Program Plan will require modification during the course of the investigation 
as new, data and unexpected results are obtained. The internal program J:"eview 
process will guarantee the timely recognit4-on or events and factor$ which 
mandate or make attractive revision 6f thelUbasic Program Plan. As, such circum
stances are recognized, proposed revisionsYto the Program Plan will be submitted 
to the Aerospace Corporation fOr approval. These proposed revisions will be 
submitted to The Aerospace Corporation in a timely manner to preclude inefficient 
use of manpower and unfavorable cost variances associated with such inefficiencies." 

, Beckman-,Instruments, Inc., ELECTROPHORETIC BLOODSTAIN ANALYSIS PRQGRAM 
PLAN, p" 1$:' ' (3) 'so 
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The U.C. pubcontl"act did not require nor provide in the budget for 

p~~,t;pdic written reports from WMRS concerning research prog),:,ess and recom

mendations. Nevertheless, through May of this year, there seemed to be a 

good understanding of laboratory deve;Lopm~nts on th.~\cpart of both Beckman ATO 

and The Aerospace Corporation, and there seemed to be agreement in regard to 

basic approaches. Frequent visits to the WMRS:by the Beckman Program Manager 

and regular Program Review Meetings, in Berkeley, including key personnel of 

the three concerned organizations, seemed to provide opportunity for 

adequate and accurate flow of information from this laboratory. The first 

fi've Monthly Progress R:eportsL.~. Jrom Beckman to The Aerospace Corporation and 

the minutes of the firSit three Program Review Meetings 5 , prepared by Aerospace., 
(1 ~t::;:,:. 

show- a reasonable aCCUI!C:'lcy and understanding concerning research-iIh-.progress. 

In June, the whole character of the contractual arrangement deteriorated, 

-oerha-os only coincidently when T?e Aerospace Corporatio,n .suddenly and without 
-.. .,...--" .- t\ 

explanation changed manageme?~ of this project and a persc;tL.ne~.~.2..4~~ 
took over as Program Manag~ 

The first evidence of a serious failure in communic£tion came 

. 5' minutes of the f'ourth Program Review Meeting ,.June 20, 1977. 
~ . r' 

with the 

These minutes, preparea""'py the Aerospace. Program Manage.r, report certain' 
Ii ' 

research findings, conc'lusicms. and "decisions!.' that are reflected in neither 

the May nor the June prog~~ss Repoi."lts from 'Beckman ATO. The Projec.:t, ~c:tor 
. from WMRS was riot pr5=sent at ~he fo'urth' Program Review M:~:t:qg.. and the 

_ ......... 
, ' 

University of California had no official representation. The individuals to 

whom these remRrks are attributedweren6t authorized to speak for the WMRS 
.,--------~--------~-~--~--------~-------------

4 Appen{ix, Section C. 

5 
Appen~ix, Section D. 

"i,."' 

'-, 

.I;" , 
'" 

') 

1,1 

,; 

. 5 

',. 

and their authority as decision-makers is not specified in any subcQntract 

6 1 Dr. Grunbaurn subsequently protested to Beckman ATO as to or progr,am pans. 

both thle impropriety and inaccuracy of ,the observations and conclusions 

reported .ln t ese m.lnu es. ° hOt These comments were not acknowledged, nor were 

the minutes changed as requestedc 

(Misrepresent~tiDn~a;d misinterpretation of laboratory results appeared 

in subsequent Aerospace official minutes of Program Review Meetings. Requ~sts 

from the pr~ject Director to Beckman foI' revision_o; the ~70rs were not effective. 
, \ (" 

Research findings and recommendations from this laboratory were largely ignored. 

In an effort to re-establish communication with Beckman ATO and force a 

realistic evaluation of research results, the Project Director at WMRS 

h l ' °t' d progress repor't's7 to Beckman ATO, dated 10 January submitted tree unso ~c.l e 

to 31 July 1977, 1-3T'AugUst 1977, and 1-30 September 1977. These reports 

were not acknowledged, nor were their contents discussed and evaluated with 

WMRS There .lOs no .l°nd;cationthat the contents of the Project Director at. • • 

these reports were made known to The Aerospace Corporation. The same informa-

d at Program Review Meetings ill August and October, 1977, but tionJwas repo~te 

, 8 
was not ~eflected in the minutes of the meet.lngs • 

In ~pi te of these difficul tie:;, the development'al work in the WMRS laboratory 

hr h th S'~tems Definition .. '--:pha~ of the project, which remained on schedule t oug .e ~-. 7 

ended on~tember l~ i9~~ 

6 APPENDIX, Section B. See letter to J. Walsh, 20 July 1977, and 
memo to J. Walsh, 10 August 1977. 

7 APPENDIX, Section A. 

8 APPENDIX, Section B. See letter to J.ean Bordeaux, 24 October 1977; 
B W.'~'Grunbaurn, 27 October 1977; letter to Jean Boredeaux, letter to Dr. • 

2N~vember 1977. 
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, 9 
On September 6, prior to receipt of the Progress Report from WMRS cover-

ing the work de,ne in this laboratory during the month of August, and without 
\' ' ,10 

consultation with the Proj'ect DirectoI" at WMRS, a letter was sent from 

Beckman ATO to WMRS, strongly and very specifically stipulating the direction 

of fu~~~e effor~ at ~y~tem development in this laboratory. Since the decision 

war<firectlY counter)o the research findings and recommendations of the WMRS, 

this laboratory had the c~S'ice ~i ther of supporting an effort that app~ared to 

be a wa,ste of D.ublic... .:funds, or to asktqr release from 'further obligation in 
" 

this development. It chose the latter CQurse, and Beckman Instruments complied 

by rewriting thE? subcontract to terminate developmental work in this laboratory 

on November 15, 1977. 

(1 

9 APPENDIX~ Section A. 

10 APPENDIX, Section B. Letter to B. Grunbaum, September 6, 1977. 
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BACKGROUND 

In 1974, when the Aerospace Report (1) was published, it became apparent 

that relatively little bloodstain analysis was being done in leading American 

crime .}.,aboratories. 
",~~r' 

Aeri9space had contacted 26 crime laboratories in the United States and 

one in Canada to determine their experience with blood analysis. Even among 

leading laboratories, the immunological blood group typings were primarily 

restricted to the ABO system. Relatively few laboratories were attempting 

any MN and Rh group analysis or analysis for enzyme/protein systems. The 

few laboratories attempting such analyses did so in only a minimal number of 

cases. 

The Aerospace Report C9ncluded that several factors contribute to the 

limited use 9f blood analysis in U.S. crime laboratories. These include 
-,~ \ ----

d 1) lack of funds, 2) ~ffic~ently large staft~o~ trained forensic 

serologists, 3) lack ~~imp~, rapid methods of analys~s, 4) unavailability 

of antisera of sufficient quality for bloods· .... ain analysis, and 5) lack of,;' 

r~;~1~ef: genet,i.c marker frequency distribution data for the U. S. population. 
'I ~ ,: ,I ~_ 

)!~There is every indication that this unfortunate low capability in dried L, ,,~ 

bldpdstCijJn analysis in U. S. crime laboratories still exists today. LEAA o ' 

I~ 1 ~>\ . ~ 

recently p\lblicized results of a federally-funded three-year project to testJ 
o iL 

the : capabilities of crime laboratories operated by federal, state, and locale 
" 1. t: 

1 f . 11 ' awen orcement agenc~es. The release reported a wide rangeQf error in 

respbnse to tests including bloodstains. Only 40% of the laboratories tested 

gavel\ correct answers on a bloodstain comparison test. The others made 

inco~~Plete or inconclusive answers because they lacked the ability to perform 
Ii ~i~~--,--------____________ ~ _______________________________________________ __ 
II 

lill U. S. Department of Justice, Law Enforcement Assistance Administration 
News liRelease, i~ashington, D.C., 8 April 1977 ~ This study was conducted by 
the: ~Iorensic Sc:i.ences Foundation for LEAA •.. 

, , 
.~ , 
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mor'e' sophisticated tests or made mistakesll in the tests. Less than 25% of the 

232 labpratories did any additional grouping (Rh, MN, AK, EAP, PGM, Hb, Hp, 

Hheumatoid) beyond the, ABO' factor. Less than l,~% attempted more than one 

additional analysis, and less than 3% att~mpted m~re than two analyses. 

For several years prior to the 1974 survey,LEAA and several forensic 

societies attempted with little success to promote an increased use of 
, 11 

bloodstain analysis in U. S. crime labora1bries by co-sponsoring seminars and 

workshop~ @:iv.en bv B. J. Culliforo of th,e London MetT:Opoli tan Police Laboratory. 

In 1971, LEAA published a volume (4) on bloodstain methodology by Culliforo 

which was widely dis tributed to American cl'·im,inalists concerned wi th forensic 

serology. 

It is apparent from the results of, both of the LEAA-sponsored surveys, 
.. \~ I', .\;.t 

one conducted by The Aerospace COrPoratiop and the other by th~ Forensic 

Sciences Foundation, that .American criminalists have not accepted the Culliford 

methodology • The Aerospa<;e Report gives ,some reasons why this methodology has 
,~. 

not been adapted in this country's crime laboratories. The British crime 

laboratories operate under the jurisdiction of a national police organization 

II 
and thus it is p~ssible to centralize blood analysis work in a ,f,,!fw +arge 

forensic centers. There a staff oiserqlogists are free to concenttate 

solely i~" blood analysis work. 

In the United States, with a fe\lr exceptions, most crime laboratories are 
II 

small and are operated under a variety of local jurisdictions. The volume of 

cases involving blood and bloodstain evidence is relatively" 'sIDc;W.l,so there 

is li t'tl(~ justification to employ a spe.cialist in serology. The American 

criminalist must be prepared to deal with a wide variety of physieal evidence. 

When there are other heavy demands upon the t~e; resources and available 

;:>-'~-;;-~~. ~~*~~~~':"~I!..:;tb..w;":I,>~~4~"A_.ww...,. • .;,;;tt~.4.""J."""->.~.,,, ....... <-t .... ~, .... ,:,~ • ...- ..... - •• ~'"""'-"""'O .. -'." •.• 
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personnel of a given iaboratol;'y, its dried blocrdstaln anpy./Jsis program may 
, " ~ j~'" 

be very rudimentary. Current methodology is tEi:dioU:t'> ana time-consuming, and 
;1 'I ,~ ,J II 

"' 
II the results may be imprecise; consequently, U.S. criminalists are not 

o 

I, motivated to learn the necessary skills, requeist the necessary specialized 
ji 
Ii 0 
!i. 

eq1.li1pment and supplies, and devote the necess~~ry work time to bloodstain 

ariatlysis. 
11 
il,;' I" 

J!I.]i'Yl'he Aerospace Report, in its conclusions and recommendations, suggested 

tqat, if the present system of small local U.:S. crime laboratories is to be 

cc)n:tinued ~ severaKl:ictions areess~ntial to promote more extensive bloodstain 
I,' 

analysis, including "development of rapid and/or simultanl';lous electrophoretic 

12 separation and identification of sev~ral selected enzyme/protein systems" • 

This stated need has led to the current Aerospace BAS Program. 

The majoritv of the electrophoretic s..§.:Q..arations of enzymes and protein 

systems i,n forensic work 'are now performed on starch e:e}., with the exception 
\ 

of hemoglobin which is separated on cellulose acetate, and haptoglobin which 
() 

is, s.epa:r;'ated qn polyacrylamide gradient gel. The gel methods require long 
/ ". ' Z'I 

run times, in;~nvenience, and possible error in the J?repara1:ion of fresh 

subsd~.,at{tr') prior to each run, and consideZ"able technical skill in performance. 
Jj .1 
II C-:. ~ ! The American criminalist has found that the existing analytical methods are 

o .. 

'time,;.consuming and oft,\,!n yield ambi~uous results. 

" 

E,;~,t:\ • 

12 The Aerospace,cottporation SURVEY AND ASSESSMEN'r BLOOD AND BLOODSTAIN 
ANALYSIS PROGRAM, Vol. I, p. 134. 

. ' 

. . 
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OBJECTIVES 

The overall objective of the BAS Project was the development ,of methods, 

prodedures, and reagentsf,Gr-a.n improved.i;l.ectrophoretic system of ~ethodologies 

for" the determination bf; enzyme: ;and ,.protein,:~olymorphism'5: Procedures and 

instrumentation must be suitable for utilization by small criminalistic 

labora~9ries. Specifically, the objectives of this program were as follows: 

11 0 Reduce analyst skill requirements~' 

o Reduce analysis time. 

o Reduce complexity in interpreting research results. 

o Be applicable t~old stains. 

o Achieve discrimination ,.probability pf lout of 200.,,13 

The technical requirement§ for the BAS are spelled 
. -;.:' 

the Aerospace Statement of Work. 

'I 

oJ\t in Annex C 
it 
1\ 
I, 

Ii. 

\ , 

P. \ 

II 

13 The Aerospace Corporation, Statement of Work fori" a Bloodstain 
AnalY$is System. 
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RESEARCH MANAGEMENT-TECHNICAL SUPPORT 

The Program Plan states that "Beckman plans to subcontract with the 

University of California, 'Berkeley, so that Dr. Grunbaum's talents can be 

14 applied to satisfying the objectives of the proposed program". It further 

states thatr "Dr. Grunbaum will manage the work performed at the White 

Mountain Research Station including the technical efforts of the Consultants".lS 

. ·16 h . F~gure 1 shows the organizational structure for t e BAS ProJect. 

Consul tants 

At Dr. GrunbaUm1s suggestion, the Beckman Proposal for a BAS included 

technical support by an expert in the electrophoretic methodology now in use 

in crime laboratories. 

It was originally requested in the Beckman U.C.' subcontract that 

UDr. Mathias Yoong of the Illinois Bureau of Investigation be engaged in 

support of the key investigators at WMRS. If for any reason Dr. Yoong was 

not available, then the University of California was to engage an individual 
~ 

of comparable bqckground and experience acceptable to Beckman and~the 

Aerospace Corporation to participate in this effort. 

Dr. Yoong s~emed an ideal choice because of his work, his experience in 

the crime laboratory, and his familiarity with diverse bloodstain methodologies, 

including those of the Metropolitan'Police Laboratory in London. It was felt 

that Dr" Yoong, because of hi~ sch..olijirly training, would be able ,to' play an 
1.1 {!d 

active part in both the development of new methods and adaptation of e~isting 

methods for use in the BAS Projec~. Unfortunately, Dr. Yoon'g was unable for 

personal reasons to accept a short-term 'offer of this nature. 

14 Revised Program ~, p. 8. 
15 Ibid., p. 9. 
16 Ibid. , ,p. 7. 

h~ 
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It was possible to sec~e the services of Mr. Brian Wraxall of the 

Metropolitan Police Laboratory ib London and Mr. Mark Stolpr<?w from the 

Michigan State Police Laboratory. Both of these persons have had extensive 

experience in the crime laboratory and both are expert in the use of electro-

phoretic methodology for blood analysis which utilizes gels as supporting 

media. In order to make all arrangements in an ~xp~ditious manner, it was 

decided ~b employ Mr. Wraxall and Mr. Stolorow as Beckman Consultants. 

'. \\ 
The &onsultants entered into an agreement with Beckman Instruments to be 

'" 
located at the WMRS, University of California, Berkeley, and to work on this 

program under the technical directi'g'ti of Dr. Grunbaum. All data, experimental 

results, etc., resulting from their efforts of the Bloodstain Analysis Program 

/? were to be released through Dr. Grunbaum to Bec~:tnan prior to disclosure to 

others, including The Aerospace Corporation. 

At the W~lRS, these consultants were requested to set up and put in working 

order the electrophoretic equipment with which they were familiar. They 

applied their methodology in determinations~·of the variants under considera-

tion for inclusion in the. BAS and demonstrated convincingly that, in the hands 

of experts such as themselves, -these methods can be useful. They provided the 

very best of the traditional methodology." This has been used as a bas is of 

comparison with new methodology. They made some serious attempts to 4JnBrove 

upon the old methodology, but a.chieved no significant improvements. • 
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SUMMARY OF EFFORT 
\\ 

"\';\ 
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All technical support specified"ln the Statement of Work of, the revised 
\ 

UC/Beckma~ subcontract was' completed. Tbe blood constituents specified in 

the Statement of Work and others were considered for ~nclusion as determiners 

in the BAS (Table 1), Likely candidates were selected from those constituents 

which demonstrated good resolution with fresh blood (Table 2). These con-
" 

stituents were subjected to aging tests, using 4-week-old blood. Analytical 

methodologies for the s~lected isoenzymes were optimized. A variety of 

substrates was considered and tested (Table 3). 

At the conclusion of the Systems Definition phase of ,this program, the 

WMRS was prepared to suggest and defend G ~~Ii)the ~~atement of Work 
/.,.".,' l 

that would eliminate the)11:<ree setup'; r~quirement in favor of a vastly 

,? '1" , 1t s na1yses Feas';bl.'11.'ty Te'~tingl wouJ!d \\ SUDer~Or system utl. l.zl.ng Sl.mu aneou a • - \ J 

have been carried out on schedule. 

Another approach to the three setup system was proposed by the Beckman 

Consultant, Erian Wraxa11. Since work on this approach had been carried out 

a't the WMRS, we were in a good posi tionto evaluate the probability of j;,ts 

success. It seemed highly unlikely that th~ analys~s, could be carried out 

op three setups. In any case, the simultaneous approach seemed far less 

likely to meet the other requirements of the Statement of Work t:han does the 

sequential approach • 
~;;; 
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Table 1 

CONSTITUENTS CONSIDERED 

FROM STATEMENT OF WORK 

!} 

HEMOGLOBIN, fib 

HAPTOGLOBIN, Hp 

GROUP SPECIFIC COMPONENTS 

GLUTAMATE PYRUVATE TRANSAMINASE, GPT 

RED CELL ACID PHOSPHATASE, EAP 

PHOSPHOGLUCOMUTASE, PGM 

ADENYLATE KINASE, AK 

ApENOSINE DEAMINASE, ADA 

PSEUDOCHOLINESTERASE (E2), PCE (E2) 

6 PHOSPHOGLUCONATE DEHYDROGENASE, 6 PGD 

GLUCOSE 6 PHOSPHATE DEHYDROGENASE, G6PD 

ESTERASE D, EsD 

PEPTIDASE A, PEP-A 

CARBONIC ANHYDRASE 

ADDITIONAL CONSTITUENTS CONSIDERED 

AMYLASE 

URIDINE PHOSPHOKINASE 

GLYOXYLASE I 

GSR 

BIS-ALBUMIN 

TRANSFERRIN 

CERRULOPLASMIN 

ALPHA-l ANTITRYPSIN 

", 
~. 

---
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Table 2 

BLODD CONSTITUENTS SELECTED AS DETERMINERS 

Discrimination CaE,cibility 

Fresh Blood 30 Da Bloodstains 
A B (I 

.35 .43 .35 

.45 ,. !~8 

.47 .48 .47 

.69 .58 .69 .69 .69 

f:'39 .39 

.82 .8,8 .82 .82 .82 

.82 .94 .82 .82 .82 

.38 .38 " .38 .38 

Capability (1 in 200) (1 in 143) (1 in 4.5) (1 in 12) (1 in 34) 

A - Based on original estimate. 

B ..., Based on data from this~U~G. laboratory on about 12,000 blood specimens. 
This work was supported bJ' the Office of Criminal Justice Planning 
of the State of California and completed in September 1977. 
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Table 3 

SUBSTRATES CONSIDERED 

STARCH GEL J 

CELLULOSE ACETA~E MEMBRANE 

ACRYLAMIDE GEL 

AGAROSE GEL 

CELLO GE;!.1 

AGAR 

SILICA GEL 
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Early in ~eptemhert "-a "strong recommendation" was made by letter fronr---.. 

BeckmanA'fO to concentrate research effort on System<'~evelopment along the 
II 

., B km 'lt n.l>. This l.:iboratory cooperated lines :~ecommended bY' the , ec ,!-~_ consu 3LJ.(. 
'----\\_. 

fully' with the Beckm1r11 ",:reqlJ.~st until terminat ion of the work in this 

laboratory on November, 15. 

Discriminat io~t".~X'obabili!l. 
~~--------~- ; 

,.:;.-

A technical requi!!i~ment of the Statement of Work is that the electro

phoretic analysift:system dev~loped be capablE!. of achi~ving a degI'ee of 

, i( ~ ; \ t f !'loa \ domly selected individuals t discrimih~tipsf probability of one,pu 0 :,~ rli,n 

using as a sample a bloodstain aged for four weeks. 

When thi~ laboratory entered into an agreement to provide technical 

services as rJ\qUired to perr.orm the tasks described in the subcontract t it 
Ji'" 'I 

was unQ:erstood that it is theoretically possible to obtain a (discrimination 
;; :, ; C ,-Ii 

of 1 in 200 on bloodstains as old as 4 wee~'s. At the WMRS, methodology has 
-~ . 

been deveioped and is routinely used which permits discrimination of more 
j 

-than 1 in 250 orr fresh blood" 'However, there are fundafukntal difficulties - , 

- . l' of proteins' and /~~yme~ in aged blood conce:;ppingthe electrophoret~c ana ys~s , 

or bloQdstains. Physical.and\iShemical cha~ges occtl!' in the character of "..:!,!,,; , 

. these ,determiners which may affect their mobility and stability. If the 

chanE:es are great. there is no pos:;dJLfJ.i't:y..J9.~~.~_ succ:.s~f~I':??tine analysis. 

"To date,we have no evidence that these changes can bereV'ersed. IMPROVE-

MENTS ~iND CHANGES IN ELECTROPHORETIC METHODOLOGY WILL BE TO NO AVAIL 1l=' THE 

DETERMi;NER ENZYME/PROTEIN HAS ALTERED THROUGH AGING AND DETERIORATION"" 
1. ' • 
Ii 

P;~oteins such CiS Gc and I1p may sometimes persist for a specified time 
, ~ \1 1 ~:::: " . • 

in agea bloodstains stored under controlled laboratory conditions while at 

other :times, under identical condit ions, they will become, undetectable • 
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What appears to bea great difference' in the persistence of these enzymes 

arnongdndividuals may actually be due to innate differences in the concentra-

tion of these enzymes in their blood.StBriko (5) estimated that among 

individuals Gc .may ra,nge from 25 to 50 !l1g per 100 ml gerum. He estimated 

that Hp variations in fresh human blopd may range from 10 to 220 mg in 

100 ml serum. 

In this laboratory we quantified the relative amounts of Gc and Hp in 

the fresh blood of several donors by a one-dimensional electro-immuno 

precipitation technique on cellulose acetate. In confirmation of St~riko's 

observations, wide variations among individual:s' were observed. It is' obvious 

that on prolonged drying and degradation, some specimens will lose their 

entire Gc or Hp while others may still show substantial amounts and thus lend 

themselves for phenotyping. wqat may appear to be unreliability in an 

analytical method is, in fact, a function of concentration of the enzyme itself. l 

The systems PGM, EsD~ ADA, and AK have prov!;'n to pe;:rsist in 4 week old 

bloodstains kept under known laboratory conditions. These have a combined 

discrimination capability of 1 in 4.5 (Table 2). We were unable to determine 

Hp and Gc on 4 week old stains. GLO I may sometimes, but not always be 

determined in these ,aged stains. GLO I increases the dis crimination capability 

.to 1 in 12. 

is 1 in 3LJ,. 

If EAP is also determined, the cumulative discrimination capability 

For reasons stated below. EAP 'k not recommendecVfor inclusion" 
-'" 

in the Bloodstain Analysis System. 

, , 
The good frequency distribution of EAP makes it a very "tempting can'did~~ 

for inclusion in the Bloodstain Analysis System. The five common phenotypes, 

namely A, BA, B, CA, and CB, can now be readily and accurately determined 

using fresh blood (6). Bloodstains aged for 30 days"on white cloth under 

L---______ ~_--.;.... __ ~ _____________ ") " 
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labo!'atory conciitions has ~so been accurately typed. However, inherent 

chariicteristics of the EAP system give rise to the pl"'ll':l::lbilitv of verv serious 

errors in phenotypingon other than fresh blood, especially if the history 

of the sample is not known. 

In this laboratory, an experimen~ ~as made to test the reliability and 
(;;;::.- .-

suggest the limitations of the EAP phenotyping in the crime laboratory. The 

experiment was designed and supervised by an expert criminalist fpom the 

Alameda County Sheriff's Department Crime Laboratory. Experimental stains 

and heat-degraded liquid samples were analyzed with great care by technicians 

having much experience with both cellulose acetate and starch gel methodology. 

The four readers, highly experienced with both methods of EAP phenotyping, 
"~ 

had no knowledge of the phenotypes, the age of the samples, or the way in \ 

which they were prepared prior to analysis. The results showed that thereCan ) 

b~ a ~efinite problem with the EAP phenotyping no matter which electrophoretic 

supporting medium is used. On cellulose acetate, the readers found several 

inconclusive and questionable ,readings on BA, Band CBbands. On starch-gel, 
'---, 

the readers "positively" misidentified several of,.the BA. B,and CB phenotypes. 

Unlike other phenotypes, EAP depends not only on a pattern of relative 

'\pistribution of bands, but also on the relati ve intensity of the bands. When 
\ . ; 

blood is aged, th,~ individual phenotypes tend'to degrade at different rates, 
~\ 

fm~ther exacerbating the true phenotype identification. In addition, EAP 

. \ d' ",' 
l.SOl~nzymes, on. egradatl.on, show so-called "storage bands" which are actually 

\\ 
'\\ ,I, • 

breakdown products of the protei~ molecule. These breakdown products are 

sometimes reversed by adding a reducing agent. However, questions always 

remain concerning the degree of restoration of the molecular structure. 

Because of the great number of variables affecting this enzyme system in vitro. 

pheno~ping should-not be at,tempted unless a complete history of the origin -< 
--- .j 

',~.\ 
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1and handling of a blood or bloodstain sample are knowIi. 

The selection of enzyme/protein de~_~~inclusion in the BAS 

involved basic rese~rch into th~stability and persist~nc~of certain enzvrnes 

c:ind prot'¢il)§. ill dd ed bloodstains. It seemed appal"ent from the start that 

both The I!Aerospace Corporation and Beckman Instruments ATO understood the 
~ 

nature Of\this research and were prepared to make necessary changes in the 

Program P~\Fn as new information developed. 3 Sensible people do not persist 

in a course of action when there is clear~cut evidence that the goals set 

cannot be achieved. It is good management to modify a statement of work when 
I 

timely recognition of factors indicate that revision is necessary. 

Methodology 

Over the course of several months, before, during and after the System 

Definition phase of the BAS proj~t, eXgellent new methodology has been 

developed in this laboratory for the analysis of bloodstains for thl"selected 

pr;?;tein/enzyme determiners. T\t.~~~"tn,.~,are at least as sensitive and 
" 

reliable as current methods, and they are considerably more simple, rapid, 

and easy to learn. 

The methods for determination of PGM, EsD, EAP, A~ ADA and Gc involve 
..-.. -

The new method17 for the determina-use of ce~lulose acetate as a substrate. 
/'- - ... 

tion o~ Hp u~es \ac~;~~~OngI'~dient gel as a substrate and reduces total 
\'" ,- --

analysis time for Hp to approximately 90 to 120-minutes. 

17 
A~ethod using an acrylamide gel substrate is also recommended for 

GLO-I." 

When work on'the BAS program began in January, this laboratory was 

17 APPENDIX, Section A, See 3rd Interim Progress Report, 1-30 September 
1977. 
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"'routinelY doing enzyme/protein determinations o( fresh blood,..,..-U""';,'ing cellulose 

acetate as a supporting medium.
18 

Research was ~~:e~dy underwa~~~t~ome C_-

of this methodology for use with dried bloodstains. The sUCcessful adaptation 

of cellulose acetate meth~dolO~aE.l?eared ~attr:c:-.:t~e in terms" of the increased 

rapidity of analysis and lower costs. Cellulose acetate methodology, offers 

the added advantage of simplified documentation since the original patterns 

are permanently preserved. Accordingly, cellulose acetate was one of the 

several substrates tested in this laboratory. Several other supporting media 

were also tested (see Table 3). = 

There was no contractual requirement or agreement that blind tests or 

confirmation tests be run, and certainly no understanding that results of 

such tests would be used as the final basis for choice of methodology. These 

tests served as a useful challenge and research guide within the laboratory. 

They were certainly not designed carefully enough to ;Ibe used in making 

critical decisions. 

Each time a bloodstain was analyzed, we were in essence conducting a 

blind trial. However, in our efforts to assure that certain systems had 

reached a satisfactory level of development, formal ~lind trials were made. 

(Blind trials were made for EAP, EsD, and PGM.) The first of these trials 

was conducted in June and the results presented at our June program review 

meeting. Using the criteria that 90% of the stains must be ide,ntified 

. . . f 19 correctly, n~neo of the results of the first blind trl,al was sat~s acto~ 
I. 

t . 
It was therefore dec~ded to 

\ 
The resul¢s of these trials 

\\ . ----.... 

" repeat the trials that Were ,conducted in June. 
~ i') 

were reported in the Monthly Progress Report, 

\\ 
18The~~ analyses are being done as part of a popUlation survey fin~nced by 

the Office of Criminal Justice Planning of the California Dept. of Just~ce. In 
the first year of this project, more than 100,000 analyses, including 10 genetic 
variants, were made on more than 13,500 blood samples. 

19 APPENDIX, Section C,Monthly Progress Report, July, 1977), p. 3. 
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19 1 

July, 1977, from Beckman to Aerospace. It can be seen from Table I of that 

report that all three constituents were identified with a high degree of 
" 

k d . 20 accuracy in four-wee 01 sta~ns. 

At the Program Review Me,eting in August, Beckman ,presented EsD and PGM 

as equivalent on either starch gel or cellulose acetate. It ~eportedL~ch 

gel as the preferred substrate for EAP., The results of the bl,ind tI'ials did 

not support this tentative decision ;Qncerning EAP, nor did prior and 

stibsequent research results in,this laboratory. In any case, as the Beckman 

Progress Report, July 1977, clearly indicated, no final decision on the 

choice of substrates had been made at that time. 

Th~ Beckman Monthly Progress Report covering work done in August gives 

results of Confirmation Tests in which all eight cqnstituents were determined. 

Fiv~\of the methods recommended by this laboratory (for EsD, PGM, Gc, EAP 

and AK) QP cellulose acetate were read with no errors. Another (ADA) was 

read with one error (less than 4% error). bur recommended methods were not 

used for GLO I OI' Hp. The starch gel and agarose gel methods which were 

included in these confirmation tests also qemonstrated accuI'acy, even though 
\~ 

ther~t~~~re seveI'al incorrect readings. HoweveI'.>_they_ar.e, not recommended by 

this l~ratory because they aI'\<o- I\edlous apc;r Gme-consum,ing\ 
iJ 

: :.C, ':20 This Beckman report also contains the comment, "On cellulose .. acetate 
'~¥~iie ,wert;! a total of 264 I'eadings: Outef thes: there was a total 6f 4 called 
.1ricorrectly and a total of 8 questl,oned. The 4- l,ncorI'ect. calls made. on 
cellulose acetate were 'all by the same I'eader. Seven of the 8 questJ.oned 
calls were also made by the same reader." It may also be added that this 
;eader a Beckman consultant, was th,e expert who had prepared the starc~. gel 
runs. 'On many occasions he has expressed a strong prej';ldice against the use 
of cellulose acetate and he had very little experience with the use of 
cellulose acetate. 
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2ystem Development 

-:., As part of' its survey task (1), Aerospa{ undertook a search of literature 

!~ to~.identify promising methodology for\~se in crime laboratories and recom~ 
~<'~ \1, 

mended approaches in developing a better~blood identification methodology. 

The survey showed that several investigators had attempted to develop 

techniques for'multJsystem analysis on a single substrate (Goedde and 

Benkmann (7), Brinkmann and Dirk (8), CUlliford'l9)," arid Ritchey (10)). 

(' 

, 1 ,~ These efforts were all limited to s~arch~, whichyequ~res a long ana ys~s 

completion time. The Aerospace report suggested that i,t would be usefui;to 

extend such a technique to substrates which require shorter run times. 

Wrede et ale (11) describe an attempt at determination of three enzyme 

polymorphisms on a single substrate. Polyacrylamide was used as the supporting 

medium in order, according to the authors, to avoid the well-known disadvantages 

of starch gel. However, this methodology involved suspending gels for 5 days 

in gel buffer, which was changed every day "then electrophoresing for 18 hours 

't 'f' t ,on The method a'oes not appear to offer a prl;or ,0 spec~ ~c enzyme s a~n~ g. 

significant saving of time. 
'/ :'j 

A relatively recent attempt at s imul taneous analyse s on st arch gel is 

described by Neilson et al. (12), The authors t ~omments under "Results and, 
1/ 

Discussion" are most pertinent. 

"There are" seve:r;:.al pfr'ecau.tions which sh04,ld be s,tated when doing 
multiple enzyme sys~ems •. First, there ffi~e t~e cons~derations of 
,.pJLapd ~ ionic streng...!9~ wh~ch are not ~ecE7:ssar~ly opt~mal for each 
enzyme studied. Second, in any mult~ple enzyme system, the rare: 
variant banding pattern of anyone', of the enzymes that overlap~ ~nto 
the developmental region of a se,?,ond enzyme cwill not be v~sua1~zed. )..-
Thus, multiple enzyme systems might best be used as a rap~d scre~ning 
test to observe basic en~yme variants. tl '""I •• 
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For reasons of economy of space and equipment, it· is desirable to have 

as few setups as possible in any bloodstain analysis system. The Aerospace 

Technical Requirements arbitrarily specified three "set1JPS", defined as "no 

more than three electrophoretic substrate plates and no more than three cells". 

·At the time this laboratory undertook to give technical support to this 

Project, this requirement seemed feasible. 

After several months of basic research during the System Definition phase 
'#' 

of the~BAS, it became apparent tg.at it would be difficult to achieve a 1 in ---...' ... 
200 discrimination with four-week-old bloodstains even when these stains were 

preserved at carefully controlled laboratory conditions and analyzed under 

~ optimum conditions using the best available methods. These limitations are 

functions of the persistence of the proteins and enzymes themselves, as 

discussed above under the heading Discrimination PrObability. It is the 

bfbchemical nature of these molecules that determines in gl">eat part how they 

q.;Hl be affected through aging, and this, in turn, dictates optimal procedure 

for determination. 
if 

Strict adherence to the technical requirement for a three setup s.imul

'taneous system would invc;lve compromises in methodology with resultant 

u~eliability and ambiguity. !hese compromises would reduce discrimination 

probab~lity. Analyst skill re~\irements WOUld, if anything, be increased. 

\ !n this laboratory, the Aerospace Statement ofW<!\t'k and Technical 
!3 

Requirements were regarded as a reasonable point of departure. It~t'-Was 
,-:,' 

u:nder1'!tood
3 

that if, through~basic research,evidence was presented that 

proved .the technical requirements unachievable, the contractor (Beckman), 

wOuJ.d ma,ke appropriate proposals for revision of the Program Plan and submit 

these to t4e Aerospape Corporation for <;l.pproval. We urged "~andonment of a 

system oi siml,11 taneo1.lS " analvse$ • We recommended that continued effort be 
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directed toward development o.f a system of sequential analvse.s where each of 

the deteI"minations is made under optimal conditions, with no compromising of 

such vaI"iables as buffer concentration, pH, electI"Ophoresis time, voltage, 

etc. for the sake of the letter rather than the spirit of the Statement of Work. 

1. Sequential Analyses 

These new methods are superior in that they radically reduce both "hands on" 
"f 

and lIanalysis completion" times. They also require considerably less technical 

skill in preparation of samples. 
'\ 

The si~ methods using cellulose acetate produc~n electrophoretogI'am--

which may be used as a permanent record, eliminating the need for photography, 

which requires time, expense, and skill. 

A single Hicrozo~e cell (modified) or a Nanophor ,tJy.y be used as shown 
, 

in Table 4 for sequential analyses. It is obvious that speed of analysis 

would be increased and more flexibility would be afforded ;f two or three 

cells were used. 

When each determination is made separately, the protein/enzymes which 

are known to persist longest would be run first. A successful deteI"mination 

will indicate that the next analysis in t~e series should be made. An 

unsuccessful analysis could quickly be repeated. It may become appaI"ent that 

because of physio-chemical changes in the sample due to aging and adverse 

conditions, the remaining analyses will be unsuccessful and so need. not be done. 

It is of cou'!'se standaI"d practice to repeat analyses to verify 

The proposed concurrent s~,stem is so fast and simple that all 8 analyses 

could be made--:-am:l-re~, in the elapsed time reqllired for one run of the 
, ::----

proposed Beckman system. 
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Table 4 

SEQUENTIAL ANALYSES USING A SINGLE MICROZONE CELL (HOOIFIED) 

Order of Analysis Substrate Hands On Elapsed Time 

Sample Preparation CAH 15 min. 15 min. 
PG~l '::"' II 

~, 15 I' 75 II 

EsD II 15 " 60 II 

AK-ADA-EAP II 25 " (simultaneous) 60 " 

GLO-I Acrylamide 30 I, 150 " gel 
Hp-Gc " 35 II 

(simultaneous) 120 " 

Tot:al time 135 min. 480 min. '1 
(2 hr. 15 min) (6 h.) 
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2. Simultaneous Analyses 

When 

arguments 

it Became apparent that Beckman ATO was not receptive to verbal 

in favor of a request for a change in the Statement of Work, a 

written report21 was submitted in early August~is report'" made specific 
. " 

d to methodology Land eq'uipment for a svstem of . recommendations in regal" Ie. 

sequential analysis. 

Rather than responding to the proposals from this laboratory, Beckman 

ATO sent a work plan22 which assigned a schedule of specific tasks for~rouping 

of constituents for simultaneous analyses. 

6 letter23 from Beckman ATO confirmed The previously-mentioned September 

the administ~ative decision to continue with a system of simultaneous analyses. 

Every effort was made to carry out Beckman ATO instructions until the 

November 15 termination date for technical support., 

The Beckman consultant was giyen all laboratory facilities and technical 

assistance available under the BAS subcontract to work out simultaneous 

analyses on gel plates. 

The selected determiners were grouped as follows: 

I. PGM, EsD, GLO I 

II. EAP, AK, ADA 

III. Hp, Gc 

~ . t d' this laboratory in mid-November, ~en ~e support effort was term~na e . ~n 

there w~o successful svst~ for sirnuit~neous analyses for any of these L----'"' 

24 0 b '., groups. The Beckman Progress Report for cto er g~v~s -t:hefollowing 

21 APPENDIX, Section A, Interim ProgX'ess Report on System "Defini tion , 
10 January to 31 July 1977. 

22 APPENDIX, SectionB, See letteX' to B. Grunbaum, August 18, 1977. 

23 APPENDIX, Section B, See letter to B. GrunbaUm, SeptembeX' 6, 1977. 
24 APPENDIX, Section C, 10th Monthly Progress Report, Nov. 10, 1977. 
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information: 

The first group (PGM, ESD, GLO-I) is unsuccessful because of poor 

repeatability with GLO I. 

Simultaneous analyses of group 2 (EAP, ADA, AK) has not been successfUl. 

Problems in determining ADA anq AK are probably the result of necessary 

compromises in strength of reducing agents, buffer concentrations, and pH • 

Efforts to convert to 1% agarose/2% starch were made in an attempt to make 

the supporting media uniform for groups I and II. These effo:r>ts were not 

Successful. 

With the third group (Hp, Gc) the Beckman consultant reports that 

generally one will corne out but not the other. The starch/agarose gel was 

also tried with this group, but did not work. 

Research was also done on the grouping of Gc and Hp on cellulose acetate, 

using immunofixation techniques for localization and identification. However, 

it is the recommendation of this laboratory to use an established method of 

determination on Gc on cellulose acetate (13) and a ~ewly developed method 

25 foX' determination of Hp on acrylamide gel. 

25 APPENDIX, Section A. Third Interim Progress Report, 1-30 September 1977 • 
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DISCUSSION AND RECOMMENDATIONS 

The prop,osed B.eckman BAS 

This system will E£! meet the discrimination probability requirements 

of the Statement of Hork,with any degree of reliability. This has to do with 

the physico-chemical modifications in dried blood rather than the methodology 

used. G 
":J 

It ~s u likeVhat the system can be worked out using only three setups. 
:1 

When samples are determined separately, optimum conditions are marked out for 

pH, type of buffer, and buffer concentration. Analysis of multiple samples 

on a single substrate involves, compromise which will affect results, 

especially when aged samples are used. The slightest modification in condi-

tions of electrophoresis will change mobility in such a way that patterns may, 

overlap. Hith ma~ginal samples, decomposition products may obstruct clear 

patterns, and if chemicals are added to help one system, they may adversely 

affect another. 

The problems described abovel: in relation to a three setup simultaneous 

analyses is not dependent upon choice of methodolq~j. However, for other 

reasons, the choice of methodology is a mqtter of overriding importance. 

The Aerospace report comments as follows on the efforts of LEAA to promote 
// 

the Culliford methodology: 

o 

"Although this activity has generated considerable interest in past 
years, very limited use of serological results is currently made 
~ithin the criminal justice system in the U.S. It is this lack of 
response to past efforts by LEAA which has led to The Aerospace '--'(' 
Corporation prog::am to improve a!l?J.y§li~Lmeth.c;?E~&y. to that level of 
~erf~rma~ce requ~red to ensure greater utilization of blood individual- . 
~zat~on ~n the U.S."26 . . 

~ 26 ' The Aerospace Corporation SURVEY AND ASSESSMENT BLOOD AND BLOODSTAIN 
ANALYSrS PROGRAM" Vol. I, p.6. 
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The Aerospace Statement of Work advises in regard to the Culliford 

approach, "This pI'ocedure is to be considered as a baseline only, to be 
C' 

improved upon or replaced ~y the development effort required by this 

Statement of Work".27 

It is unfortunate that after many months of work and considerable 

expenditure of public research f~nds, Beckman ATO proposes to offer the 

Aerospace Corporation a\ system of sligh"t;ly modified CuUiford me't'hl"lr1'" ) 

Because of the complexities imposed by the Technical ReCf~irements28, this 

methodology is now ~ complicated, ~ difficult to lear~n~~==~~~ 

on analyst skill, and ~. accurate than ever. TheI~ i 

it will ever .be used routinely in U. S. crime laboratories • ----

now requires less "hands on" time and less 

time to be consider~exaggerated. However~ 

any claim concerning time saved is irrelevant since the system itself is not 

practical for routine use. 

I Since government research funds hav~ been expended, and since the 

( 

I f 

facilities of a public university are involved, it is proper that any justifica

tion for the major administrative decision by Beckman ATO be fully understood. 

The 10th Monthly Progress Report gives a less than factual rationale for 

this choice: 

" •••• However, the data from tests on this progfam show that the time 
requirements for technician effort is about the same with either 
SUbstrate. Further, and tnost important, are the result,S which show 
that group anal)tses are most likely ~successfully with the 
gel.st.1bst-rate. Therefore,based on the test results to pate, it was 
de:~ded to concentrate development effort on the gel plate methodology. 
Th~s approach has shown the greatest potential to meet the requirements 
of the statement of work. ,,29 . 

27 .' The Aerospace Corporation, STATEMENT OF WORK FOR A BLOODSTAIN ANALYSIS 
SYSTEM, p. 3. 

28 Statement of Work (Aerospace), AnnexC. 

29 APPENDIX, Section C ,Tenth Monthly Progress Report, N~v'. 10, 1977, p. 1. 
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In fact, thel;'e were no tests performed in this laboratory to determine 

't;"ime requirements for technician effort 

tests performed in ~~a~y that 

for either substrate. There were no 

show that group analyses are more 

likely to be made succesS.fulJ .. -y- .with . the. gel.§l~bstrate. If such tests had 

been made, they certainly would have been recorde'll and reported. No such 
. ;:; 

test results are given in the Monthly Progr~ss Reports from Beckman ATO or 

in the yiewgraph presentation made by the Beckman Program Manager at the. r(7 

Program review Meeting on October 3, 1977. 

The Beckman ATO decision was not based on test results. The BAS project 

administrators were faced with a dilemma. Cn the one hand, the Project 

Director at ~.;rMRS urged revision in the Statement of Work to permit a 

sequential system of analysis, arguing that-th~p~sed three setup system 
, - , 

for simultaneous analyses was ~aJ:!~ and most certainly 

impractical. On the other hand, the Beckman consultant consistently made 

" 
extremely optimistic though unsubstantiated claims that his approach" 

utilizing an agarose/starch gel methodology, held great promise of meeting 

the requirement of the Statement of Work. Exercising its unquestioned 
I' 

prerogative, Beckman BAS Program management made an arbitrary choice. 

Parallel Placement of Samples for Simul~aneous Analysis 

Ii: was suggested that parallel rather than perpendicuiar plagement of 
c 

samples on the supporting gel plgtes will facilitate simultaneous "analyses 

by preventing overlapping. This innovation should avoid some of the 
? 

difficul ties that arise because of inconsistency in the gels "from batch to ., 

batch 0-4). This is particularly true wi th agarose ge.l. Imperceptible 

varying amounts of tI1ace contaminants .c.may radically alter electrophoretic 
" 

pat~erns as a resul~ of electroendosmosis, which is difficult to control. 
~::::.' 'J." 
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There is always the possibility that overlap and too-close margins will result 

in loss of bands when phenotype patterns are 

fashion. Thus it ~lY for laboratories 

" 

sources to obtain conflicting results on the 

sj"\ecirnen. 
'j 

determined in the perpendicular 

using agarose gel iTom differ~ ? 
analysis of the same bloodstai~ 

In the parallel fashion the bloodstain is placed in the gel with ~op

riate standards on either side. Since the proposed setup using the NANOPHOR ) .- .. ~. .-... 

Electrophoresis System can ac'Commodate 12 samples) it would thus be' possible 
~~ 

to arrange for the simUltaneous analyses of any group of three determiners 
... ~ .. -,. ..... ~~.......--'" - ... --......... 

that can use a common pH and buffer. At the end of electrophoresis, the 

overlays with appropriate substrate~ would be placed parallel to, the electro~ 

phoretic axis of each variant and there is no possibility of loss of 

information due to overlapping or failure to cover any of the bands, regardless 

of the quality and makeup of the gel. 

ShOUld this suggestion be adapted, it would facilitate a technical 

imnrovement in the proposed Beckman ATO system. However, the basic objections 
.' - ~(I 

to simultaneous analyses would still remain. 

Future Research 

By the, j:ime the final report of the BAS is completed by Beckman 
!? 

Instruments, Inc. and The Aerospace Corporation, the arguments concerning 

the use of starch gel vs. cellulose acetate may be irrelevant. It is now 

-"k~ownQ that separation of proteins in a linear pH gradiant produces an unusually 

high degree ,of resolution by separating proteins according to their isoelectric 

point. Electrofocusing on polyacrYlamide gel not only results in many 

electrophoretic zones, but each zone is also highly concentrated ,as an 

inherent feature of the technique. Thus, for instance, in the EAP system, 

~'::;:,~"~"';.'~~~~~~~~~'''': '$.,J"':::'-:':i\''':''!~~~~!"';''f'~~ '~'l~_,.'>"~.·, 
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Kaczmarek (15), us;ing a highly p.urified enzYil~e, showed 21 isoenzymes for a 
!i 
I 

given phenotype, while conventional electrophoresis shows only two or three 

(so-called primary, secondary, tertiary bands). Using isoelectrofocusing 

for typing the common PGM vari,p.rlts, Bark et all (16) demonstrated 10 new 

variants. Thus they increased the discrimination probability of PGM from 

about 1 in 2 to 1 in 4 individuals. This is of tremendous significance 

when examiniPR bloodstain evidence. Grunbaum (17) in 1975, working with 

dried.bloodstains found about 60 bands (zones) after isoelectric focusing. 

On the basis of this find~ng, a system was proposed which would make it 
~'\" 

possible to determine 5 to 10 genetic systems simultaneously. Subsequently 

Burdett and Whitehead (18) reportedsimlJ,ltaneous separ~tions of several 

polymorphic systems. 

It shOUld be noted that the Beckman proposal did recommend the evaluation 

of the technique. of isoelectr·ic focusing to determine its potential for 

methodologic simplification. It is unfortunate that Aerospace chose to 

delete all studies related to the use of isoelectric focusing for electro-

phoresis from the BAS Statement of Work. 

The Beckman Proposal also included an approach for the definition 'of 

"markers" which would indicate whether components are seriously degraded. 

Aerospa,?e requested deletion of all enzyme marker studies related to determina

tion of age of stain for ascertaining whether the stain can be easily analyzed 

by electrophoresis. Independent of the BAS, this laboratory has carried out 

the mar~r(System stu~s, with useful results. Using the highly sensitive 

and specific electro-immuno-precipitation method, it is possible to assess the 

relative amounts of Hp and Gc remaining in a bloodstain. This test is carried 

out on cellulose acetate using the unmodifbed Beckman Microzone cell. If no 
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Hp or Gc shows up in these tests, phenotyping by electroph~resis for these 
(, 

variants is probably of no use. If Hp and Gc are present to any extent, 
,) i 

the chanc;es are that the stain is relatively fresh or well preserved and 

warrants the complete analysis for all vari~nts. 

Conclusion (Options for the BAS) 

At some time during the system development phase of the BAS project 

there appeared to be an acceptance on the part of B.eckman ATO that the 

Technical Requirement for "three setups" was of paramount importance. The 

Project Director at WM~S was convinced that this requirement was important 

only if it increased capa~ility to meet those other technical requirements 

'\o~hich would determine the system's ultimate usefulness and acc'eptability in 
,'.' , 

u.s. cri,me laboratories. Consequently, two approaches to system development 

_.evolved. It was Beckman ATO's prerogative to choose onie ove~~nother, and it 

cho~o com:~nue development of a three";:setuD svstem-
.-

The alternate system, 

one ot sequential analyses, required little additional develoDment~With 
" 

continu'ed BAS proj ect support, including appropriate eq,uipment supplied by 

Beckman ATO, this would most certainly have been readY_~f§al$ibility 

testing by the beginning of December 1977. It woula have perhaps bee? worth 

the inves'tment of minimal' additional financial support to have two systems 

available for comparison in feasibility tests and subsequently for crime 

laboratory festing and evaluati~n. 

'c.;-
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RATIONALE FOR SELECTION OF METHODOLOGY 

This project is justified on the basis that the traditional methods of 

J 'rophoretic analysis fo:ro determination of genetic var·iants in blood, e"ec~ . 
' - ~ 

though kno~~ for years, are simply not being used in American crime 

laboratories. Newspaper aCI::!ounts recently publicized results of a federally

funded three-year project tl:> test the capabilities of 240 crime laboratories 

. 1 
operated by federal, state, and local law enforcement agenc~es. The release 

reported a wide range of erlr'or in response to tests includi.ng bloodstains. 

Only 40% of the laborator\iei~ tested gave correct, answers on a bloodstain 

comparison test. Of 124 laJ1oratories performing t~~,~ test, only 49 correctly 

reported that the two bloodstain samples did not come from the same person. 

. ' b the~ lacked the The others~made incomplete or inconclus~ve reports ecause ~ 

"". 
ability to perform the more sophisticated tests or made mistakes in .the tests. 

An earlier survey was, made for LEAA by the Aerospace Corporatia'n lito 

assess the state of the art of hloodstain analysis in the U.S. Crime labora

tories and,' to~stablish the specific needs of forensic sero10gists for 

improvements in techno1ogy.I:
2 

Special efforts were made to include those 

laboratories that were repcl~~ted by others to "be performi,ng, blood analyses; 

II d" thus the survey was more iliclicative of the extent o~; bloo eVldence use l.n 

d 1 -·'\... t' The survey revealed' that ¢ven these larger and better-staffe WJora or~es. , 

facilities were making very limited use of available technology'. 

One of the reasons offered by Aerospace for' the limited use of bloodstain 
.. ~ 

clues wa$ "a lack of simple~!rapid, and inexpensive analytica:i methods,for 
--------------------------------~------------------------~,~, ~----

1 United States' Departrr,ent of Justice, Law Enforce)'Tlent Assistance 
Administration News Release~ Washington, D.C.~,.8 April 1977. This study 
was conducted by the Forens~tc Sciences Foundat~on, for LEAA 

i 

2 Survey and Assessmenil., Blood and Bloodst:in A~alysis Program. 
Volume I, Technical Discuss~:on. £1 Segundo, Cal~fonua. The Aerospace 
Corporation, April 1974, po ii17. 
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the detection of the genetically derived blood constituents which will 

positively identify an individual. Available techniques are, for the most 

part, time consumi,ng and often yield amb.iguous results .11
3 

It would be self,: .. :de,feating, ~ the face of such a clear and concise 
' . 

analysis of the problem by Ae,rospace, for this project to end up with a 

System which incorporates only,' or mostly, the old methodology which the 

tJ. S. crime laboratories have heen unable to utilize. 

The minutes o~ the Program Review (June 20, 1977) states, and the 

subcontracto~ concurs, that the only acceptable end prOduct of this research 

i:;is the development of a system(s) which will, benefit the crime laboratories. 

It ha.s been our objective to develop ~ methods for bloodstain analysis 

with the expectation that they will be reliable, accurate, economical, rapid, 

leasy to. learn, and easy to perform in the crime laboratory. 

The subcontractor is not concerned with any so-called controver~y 

between starch gel and cellulose acetate, but only with the development of 

l"eliable and reproducible methodology in all systems for the purpose of 

'u~grading forensic serology and aiding in, the administration of justice. 

Accordingly, we are !'€!commendi,ng for inclusion in the Blood Analysis System 

SI:lme methods which use gel and ~ome which use cellulose acetate. 

I s4ggest that we do not commit ourser~e~ to any system of methodology 

which excludes further development and expansion. The search for improve~ 

technology must'continue' even afte~ the completion of this project. 
n 

Different 
c, 

\" 

approaches are already ,under consideration (Grurlbaum, B. W.? Some New Approaches 

to the Individual~ization of Fresh and Dried Bloodstains. J. Forensic Sciences", 
;, ;> 

21: 488-497, 1976), and w.;ill mos~ likely prove superior to conventional 
-, 

" , 
ei~~ctrophoresis using either starch ~el or cellulos~ acetate as a suppor;ting" 
--.i'-' --~--------

" ,; 
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medium. The crime laboratory must be supported on ~ continui?gobasis with 

research designed to imp',rove the state of the art ~ 

METHODOLOGY 
~.1 

In developing a Bloodstain An'alysis System it was imperative to have at 

hand primary parameters for comparison~ 

necessity be established on fresh blood. 

Such basic parameters must of 

In this laboratory many thousands 
rY 

of fresh blood specimens have been' analyzed prior to and dUJ:"i?g this 'contract. 

The blqods are obtained from various blood banks; the samples are sterile and 

of transfusion quality. Ten diffe.rent genetic variants are routinely 

phenotyped. Seven of these systems belong in th~ group of eight selected for 
I 

. a discrimination capability of 1: 200 in the Bloodstain Analysis System Project. 

The~' accompanyi.ng chart lists the eight variants which have been studied 

for determination in the proposed Blood13tain Analysis System. Seven of these 

are recommended without reservation., The chart (Table 1) also gives the 

recommended support medium for the electrophoreti.c determination of each of 

these variants. 

The variants were selected on the basis of their reliabili-ty, persistence, 

and discrimination capability. The cumulative, discrimination capability of 

these eight variants is 1 in 200. 

Man Hours 

The work fOI' a det·ermination using cellulose acetate, includes prepara-
-, £tl> 

tiOD of the stain extract, setting up the standarJs, preparing the electrophoretic 
" 

apparatus, app.lication of the sample, phenotype" development, and reading and 

recordi?g the re.sul ts. The 'Work for the dete:t;'TT1in?\tions involving starch, gel 

include, in addition, preparation of the starch, gel plate •. When gel is used 

a stain solution is' not required. I?stead, a bloodstained fiber is prepared 

and imbedded into ~re. gel. The cumulative man hours required for these eight 
d. 

.j \1 

':f 
~ ""''"'''''~, .. :!;-, ~,·,."~~;(,.;.,.r''''''''''''''''fl~~~''''''''''''''~''''~''''~''''<'' 
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methods is less than five hours even if each determination is done on a 

different stain. When all determinations are made on a single stain, one 

stain solution can be prepared for all six determinations on cellulose acetate, 
- --,. "" 

thus reduci.ng man,-hour time by abqii'e 75 minutes. 

The l~ngth of tim~ given on the chart must be approximate because it 

will vary with the capability and expertise of the technician. 

Elapsed Time 

The two methods'using ~ gel as a supporti.ng medium re~uire approximately 

24 ho~s for analysis. The six methods usi?g cellulose acetate can all be 

done with comfort in a si,ngle fO'llJ:'-hour period. 

EAP 

A goo§frequency distribution makes EAP a useful discriminator. The 
o-""~ .... ,.. • 

recornmenCled method of determination, using cellulose acetate, has been 

repeatedly tested in conformity with the technical requirements of this 

project and the phenotypes were identified without ambiguity. 

However, now,~t,hat I"have studied EAP determinations using both cellulose 
:', 

acetate ,and star~h gel as supporting media, I suggest that we consider very 

carefully before we include this variant in the Bloodst,ain Analysis System. 

Followi,ng are some of the re,asons I question its suitability for dried 

bloodstain analysis in the crime laboratory. 
,~, ": ' 

1) Unlike 6ther phenotypes, EAP depends no:t only on a pattern of 

relative distribution of bands, but also on "t:he relati'Ye intensity of certain 

bands. For ~nstancet even when blood is fresh slight differences in the 

intensity of the 9 band may confuse it with eit1'ler a homozygous phenotype C 
.. .,-~;,":::,". 0 

0'1" a het;erozy~·ou.S phenotype CB, even' though both isoenz~es are present. 

~'henblood is aged, the individual phenotypes tend to degrade at different 

l"ates, fW'1:her e.xacerhati,ngthe true phenotype identification. In addition, 

---
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A · s on d,egradation. show additional so-called "storage bands" the E P ~soenzyme , . (~ . 

which are actually breakdown pro?ucts of th~ protein moleCUle. This is 
" ., 

usually corrected by adding a reduci.ng .agent. However, the question always 
t· 

remains: - Has the mOle'culestruc~e truly been restored to its ·native- state? 

If it has not, then how can one be sure ~out its relative electrophoretic 

mobility and its eventual reactivity with a specific substrate? 

2) In the phenotypi:ng of many thbi..l.sands of fresh bloo~ samples for EAP, 

there has been no difficulty III determini.ng the five :ommon phenotypes 

(A,B,BA,CA,CB)a:'ha many rare variants. When either cellulose",acetate or 

starc~ gel is used, resolution is the same for all phenotypes except A. 

the homozygous A Pheno-h"".e consists of~ It is presently ,agreed thiat >OJ J:" 

2 bands; the major one, A, has a mobility faster than the B band, whi~e the 

minor one, At (A prime), has a mobility slower than the B band. On cellulose 
-:. .. , 

acetate, the homozygous A clearly shows two bands. However~ in the phenotype 

BA the At band is masked by the B band. This does not interfere with , 

accurate phenotyping. On star,::h,;gel, using fresh blood, the A t band is ,. . 

clearly visible but it neither increases nor decre~~es accuracy in identifying 

the phenotype. 

In 3~-day old bloodstains extracted from cloth, the major A band was 

clearly visible after electrophoresis on cellulose acetate. Thus again the 

accurate ~~enotyping was independent Of-tte At band. 

. 'C • It is The;;A isoenzyme d:egrades faster tha1 the B or .J.soenzyrnes. 

. 11 t BA,;I tea B Hoo .. ,~. ever, when ~ starch possible, therefore, to ca a rue Pii1eno yp • ~ ~ 

gel is used, the A t may still ~emain afti~r the A has disappeared.. A1 t}iough 
1/ 
I . 

• ' h 111 ty can be ~dentified as BA when there has been some suggestJ.on t at a p i~eno pe .... 
~ H 

only a B band and an A t band is visThlej, th~ere is certainly room to question 

. '. f h d t . t" 1;" It';s po~ ssibl~ e, for instanee. :," that the reliabil~ ty 0 suc a e ermJ.lla ,J.o,~. ..... .. 

,,>,- ~ ~. 
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the apparent A t is really a stor,age band': Conversely, if A t is not present, 

it cannot be concluded that the phenotype is a B; the At may simply have 

disappeared along with the A band as the blood .agedo Certainly such 

determinations could be·cballe.nged~&n a court of law. 

There is, of course, a solution to avoid this problem, ~gardless of 

whether cellulose acetate or starc~ gel is used. By comparison with 

appropriate aged standards such uncertainties could be resolved. Deve1o~ment 

of such standards is beyond tIp: scope of this project. 

PGH 

Methodol,ogy ,:s~ng cellulose acetate in the phenotypipg of PGM in blood

stains has been worked out in a California crime laboratory '(Zajac, P. L. 

and A. E. SPr:ague, Typi.ng of Phosph,oglucomutase (PGM) Variants in Dried 

Bloodsta4.ns by the Grunbaum Mj:thod of Cellulose Acet~te Electrophoresis. 

J. Forells. Sci. Soc.,~: 69-74,1975). Results of this PGM phenotypi.ng have 

been presented in courts-of-1aw~. as evidence numerous times. This method has 

been tested for this project with satisfactory res1Jlts. 

EsD 

Methodology for determination of this variant in fresh blood was adapted 

for use with dried bloodstains in this laboratory. The present methodology, 

us;;,ng cellulose acetate membrane, is quite satisfactory for unamb,iguous 

phenotypi,ng. Thirty-day old,: specimens extracted from cloth show considerable 

degradation. However, by varying the strength of the membrane buffer, it is 

possible to concentrate the individual e1ectrophoret,ically separated isoenzymes. 

Thi~ yields higher intensity per unit band width, better band separation, 

consequent superior resolution, and unambiguous phenotyping. Unlike starch 
<::::::J • 

," gel determination of EsD, the CAM does not shaw any other esterase~ which 

tend to obscUl"e proper phenotypi.ng. 

.--.-- .... --.. --------------------, 
o 



---~~~.,. -- - ~ --- ~ ~~------- ~.------------------~-------------------------------------------~ ~,,'. , 
",'~,/) 

),. '/ 

" 

, i II!>< 
~. ~' 

tf:~ 
·~;""'iP 

\-j 

7 

, 
AK, ADA, 6PGD cmd H:b" 

The above systems have low discrimination indiees but are simple to 

qetermine in fresh blood on cellulose acetate.' Furthermore they separate 

in such a- manner that all foUl" s~ems can be determined simultaneously from 

a single sample. This rnethodol,~gy has been adapted for phenotypi?g for A.l( 

on cellulose acetate \lSi,ng 30-day old bloodstains from cloth. Adaptation 

of methodology for determination of the other three systems is pt:ogressi?g 

well, but only ADA is pr:esently included in the 'group of a systems. 

1\ 

Hapt.oglobin phenotypi,ng has been successfully done on 30-day old blood-

stains US~Dg acrylamid~ gel as the supporti?g media. It is ~greed that this 
. 

is the best method presently available. O-dianisidine rather than o-tolidine 

will be·,.·used as the stain because :tt results in a permanent phenotype pattern. 

We have found that "cleansing" the bloodstains with chloroform improved the 

resolti:'tion considerably. . .:;:--

Work is underway in thi~ laboratory to develop a much in~roved and 

simplified procedure for Hp, but this is ~ bei?g done as part of the 

Bloodstain Analysis System Project. 

Gc 

Determination on cellulose acetate (Grunbaum,B. W. ,and P. ,L. Zajac, 

Rapid Phenotyping" of Group S?ecific Component by Immun,ofixation on Cellulose 

Acetate. J. Forensic Sciences, July 1977) has proven the fastest, simplest, 

ana most: economical means for phenotyping Gc variants. The adaptation to 
< (':::~t ~ 
, . 

bloodstains has been 'Worked out. Cellulose acetate electrophoretpgrams show 

that as a stain ?ges degradation products accumulate increasingly in the form 

of a diffuse anodic band. Apparently the breakdown products of the Gc molecules 

still have the capa~ity for specific interaction 'With antiserum. Fortunately 
(i 
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this does, not interfere with ph, enotypi,ng,e .• ,,',:' H h owever, as t e d.egradation . -::. 

products increas'e, the' remaini,ng intact Gc molecules yield fainter bands and 

phenotypipg becomes m~~ginal. As a resul t z some determinations on 30-day old. 
~ , .. , . 

bloodstains were n,egat:tve. However, since stains as old as two months have 

heen successfully phenotyped, it must be assumed'that concentration levels of 

Gc vary between individuals. 

GLO I 

A ne~ genetic marker, ,red cell, glyoxalase I, was recently descl"ibed 

(J. K~mpf, S. Bissbort, S. Gussmann and H. Ritter. Polymorphism of Red Cell 

Glyoxalase I (E.C.; 4.4.1.5). A New Genetic Marker in Man. Hum~ngenetik 

~: 141-143, 1975). It has a discrimination probability o,f 0.38. Attempts 

to resolve the hete'r'Ozygous GLO I 2-1 into 3 distinct bands on cellulose 

acetate have been unsuccessful to date. Because of the scheduli,ng limitations 

of the Bloodstain Analysis Project, I suggest the stal'ch gel method be accepted. 

On this electrophoretic medium GLO I appears to separate into the 3 common 

phenotypes. 

If time permits, additional trials to separate GtO I on cellulose acetate 

will he made. 

COMMENTS ON THE NEXT PHASE OF WORK 

The next task of the subcont~actor W1."ll b . .. e to l.ntegrate the methods of 

choice into a system that 'Will be conven1." ent d an easy to use, accurate, 

reliable, efficie~t, and economical. 

Rathel'" than narr~~ly follow~ng the letter of the Technical Requirements, 

we must strive to produce the best system possibl,e at thO . 
loS t~~ to meet the 

need of all crime laboratories, especially those who, for a variety\ of reasons, 

have been unable to utilize existi,ng methodolpgy in the de~~lopment of blood

stain evidence. 
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The Aerospace" Technical Requirement proposes a system lIusi.~g no more 

than three electrophoretic set-upsu. "''hen this requirement was introduced, 

it 'Was perhaps supposed that a single electrophoretic supporti?g medium 
. _.. .~..) 

could be found and that a common buffer could be used to resolve at least 

several genetic variants, either from the same sample or from several samples 

on a single supporting medium. 

It is now clear that three media, acrylamide. gel, starch, gel, and 

cellulose acetate, are needed. I s.uggest that our primary objective be' to 

set up a system ,,'here each of the analyses is done under optimal conditions t 

with no compromisi?g of such variables as buffer concentration, p~, electro-

phoresis time, vol\age, etc. for the sake of the letter of the Statement of 

Work. 

' .. ",' 

,J' ~ ~. '! 

The Nanophore, developed in this laboratory with NASA funding, offe~s 

an unparalleled' flexibility, unlike any comme.rcial instrument, for a variety 

of electrophoretic anq associated techniques. It is suited for electrophoresis 

using all known supporting media. ;i The appa:r:atus is compact; it featyres 

(1) a temperature control plate, (2) two electrode systems, ona for;!conventional 

ele:ctrophoresis, the other for e1ectrofocusing, (3) a lO-sample a);ttomatic 
~> ; 

applicator, (4) a sample-indexing system, and (5) a 50-sample h9{ding plate. 
" 

; /' 
Two or more Hanophores can be integrated to fonn.a\'sing1e flsetl,£up'I which uses 

II 
o 

a single power supply. An apparatus of this kind, should Serve well as 

standard equipment in the crime laboratory. 
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During the month of August research has continued in two main directions. 
The first ~as to further improve methodology for individual constituents using 
cellulose acetate, especially with regard'to pattern resolution and recognition 
of phenotypes. The other area of re'search involved the comb,ination of systems 
for simultaneous determination of several variants. 

In addition, work was resumed in the area of electro-immuno-precipitation 
(EIP) methodol,ogy' on cellulose acetate for the followi,ng purposes: 

..;< 

. '.~. 

a) Identification of presence and/or quantitative determination of 
specific proteins such as the Group Specific Component, Hapt,oglobin, 
Transf~rrin, and others by one-dimensional EIP. 

b) ". Phenotyping of Gc and Hp by two-dimensional EIP. 

Comments on the individual variants 

PGM. At this time one of the drawbacks in the use of cellulose acetate 
in bloodstain analysis is the need for multiple application of sample extract. 
This tends to start the electl)'!)phoretic separation with an origin too wide for 
good resolution. Also, because the separated bands are diffuse, that is 
l6~ concentra~ion of PGM isoenzymes per unit area, they require lO,nger develop
ment time over the substrate for visualization and identification. Even though 
the reSUlting patterns were recognizable they were diffuse. Also because of 
the length of .development time, the background staining with fomazan fUrther 
reduced the contrast. 

c.. <) 

The above difficulty was remedied by reducing the nurr~er of specimen 
applications (bloodstain extract) to half or less, usually two applications 
instead of 4 or more. Also the development time was reduced to where the 
standards were clearly visible and the bloodstain extracts barely visible. 
This procedure had the effect of producing sharper zones and better contrast. 
Thus, these.Faration of the PGM band c band was actually achieved. Since· 
",isualization of~soenzyme patterns on cellulose acetate is best done by C\ 

viewing ~ith transmitted light, the above proc~dure was very eff~ctive. 
Of course the extent of a visible pattern depends mainly on the concentration 
of soluble pm! in the extract. Ho, ... ever since the concentration of PGM in a 
bloodstain extract is not known !!. priori, it wil~,be necessary when dealing 
with ~ bloodstain to apply increasing quantities-to a wembrane with one single 
application •. This should result, in at least one pattern of sufficient quality 
for unambiguous .identification~ 

'r:rials were also made to intensify individual PGM bands by increasing the 
buffez;lconcentraticm (from the present 1:20 soak) in the membrane. Although 
tile 'zones were indeed sharper, they were too close to each other f8r adequate 
separ~,;tion. '{, 
. I; '\ 

"P.: ,,' _ • 
Jne post u. .... gent need at present l.S the manufactu:-e and use of s<Fmple 

c:'pliC;ilt,or tip~ of varying quantiti,es'to avoid the need for multiple:applica-
tions~,· 0 

\\ 
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::sD. Unambiguous ider.ltification of phenot:'jpes from 30-day old blood-
s-;;":-son cloth ,,-as o1:;tained on all specimens tested. At a cellulose acetate 
;:-~;';;:a:-.e buffer concentratiqn. of 1: 7, the b~nds are very sharp. However 
I Gecided to use a 1: +0 di1L:lt~on of tank b~fre: for the menib:ane to allow . 
;:-.c.:;"e flexibility relative tc~ electrophores~s tlme. At the h~gher con7entrat~on 
the ciiiperage ",as more likely to ffse sharply) ?ausing thermal convect~on: TI:e 
so:;.ewhat lower buffer concentrat~·6n (1: 101 perm~ tted longer electrophores~~ tJJne 
if necessary. The pattern characteristics were not affected. 

Pattern definition is ellso a function of sample size for EsD and any, 
ot:-.er system (see PGM above)i. 'The general rule i~ that the sm;,:.ller the sample 
s:'..ze the better the resolution. This principle worked favorably for EsD. 

AK. This is a very persistent enzyme system and there is no problem in 
pheno~rping 30-day old bloodstains on cellulose acetate. 

EAP. Tne phenotyping of this system continued to yield excellent results 
using~-day old bloodstains from cloth, which were prepared in this laboratory. 
Gly cerine (15%) is added to all substrates. The glycerine addition has a. 
dramatic effect on the speed of pattern development and pattern preservat.:ton 
within the cellulose acetate membrane for future repeated viewing. Since the 
glycerine impedes diffusion, the individual bands remain sharp. Since the 
function of glycerine is to remove the end product (phosphate groups) from 
the en:;:vr.;atic action of EAP, the resultant is a correspond;i,ng increase of the 
fluores~ent cO::lpound 4-methyl ulT'belliferone. This in turn heightens the 
intensity of the EAP patterns relative to a non-glycerine containing substrate. 
l~ote that the longer the time requirement for enzyme-substrate interaction, 
the more diffusion will occ\U'~ lrl a paper submitted for publication 1. explained 
the difference in the physical effect that glycerine has when using starch gel 
or cellulose acetate. ~ith the present starch gel methodology, the glycerine 
effect m.~ be ineffective or undesirable. 

Extensive experimentation during this period was done to compare the effect 
b= glYCErine on EAP cellulose acetate electrophoretograms versus no glycerine. 

'five phenotypes were observed, namely: AA, AB,BB, CA and CB~' The CC 
:F.a-::-::~!"t~ -..:as not available for study. Using fresh blood, the glycer~ne ' (. ! {'(i-. 

i:.C'hlslbn al1m,ed phenotyping of EAP after 5 min. The zones, were tl.ght and ;;"';"'(; 
-::he na'tte!'!l bright. It required about 15-20 minutes for pattern visualization 
..-r.er.- no glycerine wa.s used. The zones were wider and ildull" in comparison with 
these on glycerine. In some CB phenotypes the C and B bands were of equal 
... -ioth ... hen no glycerine was used. With glycerine the C band appeared impercep
tihly narrower relative to the B band but or the sa-:;e intensity. There w~s_ 
never any !nore or less confusion in calling a pheno-cype CB whethergl:{cer~ne 
..:as er.:ployed or withheld. The equal widths of C and B withoutglycer~ne may 
be ei.ther because of diffusion or individual differences. Kany more CB 'types 
need to be examined. 

D.? phenotyping on cell ulose;acetate is one of the most successful deter
r.:i:-Jctions we have developed, esp~:cially because \\of the. inclusion of glycerine. 
In c,led blood analysis for rAP the element of glycerine inclusion is of 
:'2..!'a.-:.ount l.rr,?ortance because of th e e.xpected degradation of enzyr.;e systel::s, 
~I")d I:l-.P in particular. I) 

3 

!::E!:.. Using freshly prepared substrates, no difficulty was encountered 
in phenotyping for ADA on cellulose acetate. 

1~' Not all 30-day old bloodstains yield recognizable patterns for 
~dentifj, cation "'hen analy zed by immunofixation on cellUlose acetate. It 
cp?ea!~ that the persistence of this protein in bloodstains (as prepared in 
this laboratory) varies considerably at.'long individuals. However, it is more 
likely t~?t the apparent differences we note are due to concentration vaI1iations 
c,-:long individuals in their blood ~li.ther than persistence. 

I tested this hypothesis by quantifying the relative BJilounts of Gc among 
individuals by a one-dimensional electro-immuno-precipitation technique (ElP) 
on cellulose acetate. Wide variations a'ilong inoi viduals were observed. 
(The EIP on cellulose acetate is fast (60-80 min) and can be retained as a 
pe:rnanent record.)- St0riko1 estimated the Gc bet;.;een individual humans to 
range f:r-om 25 to 50 mg per 100rnI serum. It is thus obvious that on prolonged 
drying cmd degradation sorne specimens will lose their entire Gc content, while 
others may show substantial amounts and thus lend themselves for phenctyping. 

.!iE. It appears possible now to phenotype bloodstains using a homogeneous 
6% acryl amide gel slab, using the Beckman Microzone Accessory. Repeated 
analyses will have to be made to confirm it. But as with the Gc system, some 
bloodstains do not produce a visible identifiable pattern. Again we quantified 
fresh specii7lens of human blood by EIP for Hp on cellulose acetate. We found 
them to yary even more than for Gc. Storiko estimated the Hp variations in 
hu::-,ans to:;range from 10 to 220 mg in 100 ml serum. Again, it is thus apparent 
that so~e bloods~ains will lose their Hp on degradation while others will 
exhibit strong Hp phenotypes. One must take into account the obvious fact 
that ht:7>atls exhibit a natural and normal individual variation in just about 
every constituent in the blood. If a constituent is detected by a given method 
in one inclividual and not in another, it is not the method at fault. The 
eJectrophc,resis time for Hp from blo'odstains has been reduced to 90 min, which 
is the same. as always used for fresh blood. The next simplification in Hp 
phenotypini~ will be use of one millimeter thick acrylamide gel slabs and cooled 
on one sid~e only. 

F[;enctYFir;~ of Gc and Hp by EJectro-L-:.;;;uno-rr-edpitation (EIP) on Cellulose 
;'~t:~Gte 

,.,," \-:e cc::.::,;:s~rated that cellulose acetate rr.er..1:lrcnes are excellent substrates 
for EIP. Thk or:e-dimensional process for "roc};et" fo:rn.ation could be accomplished 
in abOu.'t 60.~80 min using the original Micr020ne cell and cooling was not required. 
for the r..:o-.dimensional EIP which is necessary for phenotyping the original 
1I,icrozone Cell could also be used, but not with the same ease ~s the Nanophore 
.:hich ~-as designed for such use. In any case, 'the Gc by EIP exhibited a single 
roc};et for t:ype 2, a doubl e rocket for type 1, and a tl~iple rocket for type 1-2 • 
fU!'theri.lo!'e, the lateral displ ace.'lent of the individual polymorphs from the 
point, of origin .:ere equivalent to the mobilities obtained by immunofixation. 
7he total time required was 75 min and' 3 specimens .:ere run on the same membrc...'1e 
using the };ar,!ophore. No cooling ..:as requiI'ed. On tile HiCI'Ozone system only one 

1 }~. StE.rik1o, in Blut, Vol-XVI, pp. 200 ... 208, 1968. J. f. Lehman, Publisher, 
}!u;lich. 
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s:?ecir.len can be phenotyped by EIP. 

It appears that Hp can similarly be typed, but more experiments are 
needed with different anti-human haptoglobin antisera. 

Since the Gc and Hp have considerably different mobilities, it might be 
possib1~ to combine ~the antiser~ then phenotype both simultaneously. 

Aaditiona1 attempts were made t~ phenotype Hp by immunofixation. An 
evaluation should be available duri?g the month of Septemb~r. 

Simultaneous systems determination using a single llsetuptl 

It appears that the 1: 200 discrimination capability will be obtained using 
the methodologies under investigation. .+t also appears that with "1dealll 
30-day-old bloods1:ains on cloth, such as-p~pared in this laboratory and 
analyzed by expert technicians, certain simultaneous determinations can be 
made. CQubinations such as glyoxylase, PGM, and EsD can be done on starchJand 
agarose gel containing starch. Gc and Hp can be done simultaneously hy two
dimensional EIP on agarose gel. On cellulose acetate, 4 systems can he . 
determined simultaneously when run in parallel. These variants are PGM, EsD, 
AK, and ADA. 

HO~'ever, the patterns obtained on all the above attempts are not neal'ly 
as clear and readable as when these determinations are made separately. 

At this time we still need three different types of substrates and three 
electrophoresis instruments of different design and manufacture. 

Our choice now is whether we put together a 3-setup system for simultaneous 
determination that will be regarded merely as a "gimmick" hy the forensic 
laboratories, and which will never he put to practical use, or whether we 
design the most efficient, reliable, economical, and p:rac"tical system of 
methodologies that is possible witl? our present knOWledge. It is my feeling 
that forensic laboretories are mo:r~ likely to adopt a system including concurrent 
r.lethods that are quick and efficient and yield excellent results, than a 
simultaneous sys~em with marginal results. 

\\e must rE:.i'lr::;;ilier that we are preparingthis',system for technid ans ... ho 
must' have specialized skills in the analyses or many kinds of physical eVl dence, 
and cannot devo1:e th ems el Ves solely to bloodstain analysis. We cannot expect 
them to have the time to develop the expertise to perform highly complicated 
procedures of b100ds-rain analysis "':or to interpr:t. marginal results. Th:refore, 
we will serve the forens~c laboratory hest by g~v~g them the best poss~ble 
methods, without sacrifice to some arbitrary criteria. . 

In my interim report for the period 10 January to 31 July 1977, I 
expressed my doubt that the needs of the forensic laboratory could best ~e 
me1: in the time and with tIle money available f\?r this project, :by adher~ng 
rigidly to the requirement that three "setups"!,-be 1.!Sed for the simultaneous 
(;€:"LE:rr..ination of all consti"tuents, for a discrimination capability of 1:200. 

1 suggest "that lo.'e consider again nry.proposal in the last report fora 
1;.LJ;O?HOR, setup, or ,;tha"t we adopt the modified ~~icr'Ozone syster:as it is used 
in my laboratory. 

-----------~-.---- . -... -

5 

Relative merits of supporting media 
.. ,'. 

~'" ,,I A. Fibers versus extracts 

During the last seven months we benefited from the best technical 
expertise in th.e use of starch gel for bloodstain phenotyping. During this 
period the procedures using st'archt~el have lleen simplified by shortening 
the electrophoresis time and hy us'ing smaller gel plates. Howeve:r>, in ' 
principle the method did not change much. For each electrophoresis :r>un 
a fresh starch gel has to be poured and the gel cured and set carefully. 
A stained thread has to be ca~:ful1y inserted into the gel without causing 
too much damage. This requires considerable skill as up to eight or more 
individual threads must he inserted in an absolute stra,ight line. 

The USe of single thread poses another question •. JUst how representative 
is a single thread when teased out of a stain? Whole blood is not a homogeneous 
solution. About 40% consists of red blood cells. When hlood is drawn "into 
a test tube or capillary, these cells settle out very rapidly. hnen blood 
is deposited,onto cloth or any other absorbent material, the red blood cells 
may become quickly enmeshed in the fibers, while the soluble portion, the 
60% serum, may continue to diffuse outside the visible periphery of the stain. 
fibers removed from such a stain may differ in their blood content and thus 
reflect variations in intensity for given constituents. 

An ,extract of stain is therefore more representative of the whole blood. 
On repetitive"~,?,aminations, it should yield identical results. In the 
cellulose acetate procedures only bloodstain extracts are used. 

B. Time of analysis 

Whe~ dealing w~th blood~tains, there is no ~ay to predict ~Eriori 
the surv~ val of act~ ve prote:ms and enzymes. When electrophoresis must be 
repeated because of uncertainties in pheno~ing, it would usually take 
36-48 hours for starch gel and not more th~n 4 hours for cellulose acetate. 
This should be of considerable advantage. 

(:,C. Documentation 
(i 

There is just no way a starch gel electJ;"ophoretogram can be preserved 
as an original, so a photograph is requi:red.. Polaroid photos are fast and 
generally of law quality •. High quality photographs require considerable '': 
development time_ But the gel pattel"l7,s do not last long enough to permit 
the taking of a second set of pictures' if the first set of pictures does 
not turn out well enough. In reality, no photograph is ever truly as good 
as the original. 

On cellulose acetate the original patterns are permanently preserved. 
The1J'e is no requirement on the criminalist to he either an expert phot.ographer 
or to apologize for bad pictures. 

Very soon a firm decision will have to be made concerning the choic.e of 
substrate for 'the determination of each bf the constituents.' 

My l"'eco .... nendations will be based on ·the above considerations. 
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Com:nents 

Att~ched to this report is a copy of a table in an article by B. W. 
Grunbaum which will soon appear in Hikrochimica Acta. In this table 
20 different polymorphic protein systems are shown to be determined on 
cellulose acetate. The trend towcu-ds cellulose acetate and away from gels 
is also demonstrated by the iDcrea~~ng number of papers using the rea"dy 
lTtell'.brane (see paper by Kearney and "'~hombaugh of the FDI in 'the July issue 
of J. Forensic Sciences). 

Attached is also a copy of the program of the meeting'of the Southern 
Association of Forensic Scientists. The meeti:ng was hel'd in Orlando, 
Florida on 26, 26 and 27 August 1977. 

The "workshopll again convincE!d me of the veraci t:y of Aergspace 
conclusions that the criminalistics co~munity in this country needs a 
different approach to bloodstain analysis~ other than that offered by the 
outdated stcu"'ch gel techniques. I had the identical impression when I 
visited the forensic laboratories in Poland (during June) as an observer 
for the National Academy of Sciences. -

-
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Table: I. Polymorphic Enzymes and ('rolein! Delcrmincd by EIc:cJrophon:sis Wi,h rhc Microzollc Systema . " ~ --- --_ ...... .' ; -----..... ---~-.--. 

'. S:lInplc <;:olllpiciioll Figurc 
Enz10lc/Proiein Substratc II;(C lillie Method of ill Melhod 

'~t.}: 
,,1 (min) vi9Ualiz;uioll -tCKI rdercllct:' 

I , 
..> 

~ 
~l \\ 
:t '\ ;t 
'I 

:1 ,.\ 
" t ,I 

i1 
i,\ 
\J 

il 
lactic acid dehydrogenase (LDH) Cellulose ;acetate 0,25-0,50 40 Formaun 1 

Alkalinc phosph:uasc' (AP) • Cellulose acelOlle 0.50-0.75 60" Form01ZOlI1 1 6 

t 
'I 
1I 
,~ 

Creatine pltosflhokin:l£e (CPK) Cellulose acelale: OJO-O.75 45 Formnall j 6 
I 

Phosphoglucomutase (PGM) Cellulose :lcelate: 0.50 ao FQ"rmnan " 7 
e 

Erythrocytc' a~id.,phDsph:lIase (I!AI') Cdlulose acetalc 0.50 ..... 1.0 '10 " MUPb .5 
_.,/ 

H 
,j>.. 

Esterase: 0 (EID) , i; Cellulose acelalC 1.0 JO .. MUAc 6 9 01>-
0'1 

Glucose·6-phosp!tOlte dehydrogcnase Cellulose: acetate' 0.2S 30 FOTlIlO1Z;ln .7 10 
(G.6PO) 

I, 
M 
I 
i 

" 

g 

/! ! 
~ 
It 
I! 

6·Phosphoglucunate dchydrogc:ni1se Cellulose acetate 0.50 30 fOfllla1:11\ 1/ II 
(6.!'GO) 

Adenvlarc kinase (AK) 
c; 

11 
'f, .'. 

Cellulose acelatC 0.2S 30 Formann 8 
c;\... 

Adcnosine cJc:1minllsc (A OA) Cellulosc aceta Ie i,' 0.25 )0 FOrOl:1:t:l1l U I( 

U 
II 

:.'1 

I, 
" 

Glutllthione reductase (G$R) Cellulose ilcetllle 0.5 -1.0 -IS Formaull 9 11 

Glutamic pyruvic Ir:lnsalnjl1a~e (GI'T) CellulQ$C :1(ct01lc 0.2$-0.5 60 Forma131\ 10 II 
-,Gih'll,,.... 

Hemoglobin (HI,,) Ccllulose aterate 0.2S 20 Q·uil1nisidine II :! 

"'OJ 

" W' 
(;::-:..~'t 

It 
!! 

II 
Ii ,I 

II F 
1 
j< 
I 
\J 
U 

\ 

1 r 
it 1 
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Table:: I. (Coluinuc:J) 

. Sample Complerioll !:igurc 
En:zyme/Protein Shbuc;uc sile lime c MelhoJ of III 

pI {lIIin! visualiution tInct 

Bisalbumin Cellulose: acefate 0.15 20 Ponceau 12 

Croup specific component (Gc) Cellulose acetale 0.2S 40 IMFd + Ponceau IJ 

Haptoglobin (Hpl . Acryl:Jmiue Cd 1.0 -l.O 1110 O·dillnisicJine 

Haptoglabin (I-{p). Cellulose ace,tate O.S 4,11 O·dianisicJinc 

Transferrin Cellulose acefall: 0.25 20 'MFd+l'onCtilU 

Ce~uloplasmin Cellulose acetate 0.2S 20 IMFd+Ponceau 

Alpha·. antltry~sln Cellulpse accrOlI!: 0.25 20 IMFd+ I'om:cau 

lipoprotcin (Lp) AgafOse gd O.S -1.0 tllO Sud:ln UIOIck n 
Lipoprotein (Lp) Cellulose acetate • 0.2S-0.5 60 Olone + I' ASI 

~.'-

• .Alllhc constituents listed arc determined rourillcly ig this laboratory.", 

b ".Methyl umbcllifecyl phosphate. The lones are Y(silaliled af the f1uoresccl,,:e of 4-lncrllyl ulllbellifcronc. 

C ".Merhyl un;bcllifcryl OIcetate:. The lUlles are viulaHzed as Ih~ fluurescence of .. ·methyl ulllbellifefOlle. 

Ii Immul\ofix:uion. 

• This mel hod ~ucd In rhe estimation ot haploglobin-hemoglubin binding c3p:.tdry. 
/1' • , ~ 

,I PcriodiNcid-Schifl. ' • , ' 
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12 

13 
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12 

12 
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SEROLOGY SECTION PROGRAM 

SOUTHERN ASSOCIATION OF FORENSIC SCIENTISTS 
'! . 

AUGUST 25 1 26, & 27, 1977 

SHERATON TWIN To\~ERS, ORLANDO, FLORIDA 

r) 

~~ , 

PA~~ BEACH ROOM - CONVENTION CENTER 
FLORIDA TECHNOLOGICAL UNIVERSITY 

\~ 

" 

hursday, August 2S~ 1977 

1:00 - 1:15 PM 

1:15 - 5:00 PM 

ricay, August 26, 1977 

1:00 5:00 PM 

lptroductory Remarks -" Palm Beach Room 
steye Platt, Chairman 

Workshop$ 
A. Ce11u1os. Acetate Electrophoresis - FTU 

Dr. Ben Gru{lbaum 
B. Isoe1ectric Focusing Palm Beach Room 

LKB Instruments 
R 

Workshops 
A. Cellulose Acetate Electrophoresis - FTU 

Dr. Ben Grunbaurn 
B. Isoelectric Focusing Palm Beach Room 

LKB Instruments 

aturday, August 27, 1977 

9:00.- 9:45 AM 

9:45 - 10:30 A.tS 

10:30 - 11:15 AM 

11:15 - 11:45 AM 

11:45 - 12:00 Noon 

"The Concept of Assertive Testimony in 
Serology Cases" 
Richard Tantont Palm Beach County Crime 
Laboratory, West Palm Beach, Florida 

"New Methods in Haptq~91obiT.! Phenotyping" 
Ke~}iJl Noppinger and \~odger l~jorrison, 
FTC Forensic~Science Progiam, Orlando, 
Florida ' 

'i 
"Making Your O;;.;n Acrylamide Gr·adient Gels 
for Haptoglobin Electrophoresis" 
Jan Estes, Tennessee Crime La,'P~~atory i n 

Donelson, Tennessee ,:\;~ :~< 

"Group Specific0Compon~nf(GC)- ~pplication 
of the Grunbaum ImmunofixationProcedure 
and Observation of a Possible Rare (Ge) 
Variant" 

,~: 

Jim McNamara ('Ind Rodg"er Horrison, FTU Forensic 
Sciehce Progrrun, Orlando, Florida 

"Roundtable Discusslon Topics" 
A. Or 1 ':J i fi Ce"L.errrrin:" ticms ..; Anti -Sera ~robl ems 
B. E;ectrophuresis Problems ., 

'~""''''·"""""""a"""".'.,a,-"",-~~~ ..... ,_" ...... "~<,,,,,,,,,,,",,,,«,,,_,,!,,,,-,,,,->,,,,,,,,,,,,,,,,,,,,,,,,""""~'H:t;q:".:t:'...'t'';'_~I. 
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'Southern Association of Forensic ~cientists 

Fall Meeting - 25,26,27 August 1977 

Orlando Sheraton Twins Towers, Florida 

. 
~hursday I 25 August 

t2:00 PM 1:00 PM. 
1:00 PM - 5:00 PM 

5:30 PM - 7:30 PM 

. Friday, 26 Au.gust 

8:00AM-8:45AM 
\':~: 45 AM - 9: 0 0 AM 
"'1: 0 0 AM - 9: 3 0 AM 

9:30 AM - 9:45 AM 
9:45 AM -11:45 AM 

11:45 AM -
1:00 PM.-
3:00 PM 
3:15 PM -
6:30 PM -
7:30 PM 

1:00 
3:00 
3:15 
5:00 
7:30 

- . . , , , 

PM 
PM 
PM 
PM 
PM 

saturday, 27 ~ugust 

8': 00 AM -10: 00 AM 
10:00 AM .... 10:,,15 AM 
10:15 AM - Noon· 
12:00 Noon 

u 

~~-..:.i' .<, • 

Registration in Convention Center Lobby 
Horkshops Bro .... ard Room" 

(1) "Micro-Crystalline Drug 
Analysis" 
Mr. Joe Ko1es , DBA 

Palm Beach Room .. 
(2) "Isoel'ictric Foctlsing" 

LKB In~truments 
(3) "Ce111j16-~e Acetate 

Electropfr'oresis n 

Di. Ben Grunbaum 

Registration in Convention Center Lobby " 

Registration in Convention Center Lobby 
Opening of Meeting - Gold Coast Room 
,\'elcome by William A.' Troe1strup, Exe~'utive 
Director, Florida Depa~tment of Criminal 
La .... ~ Enforc!;,:rnent 
Break 
General Session - Gold Coast Room 

(1) I~Summary of Garrison Case" 
,~- Ray Herd, Arthur Eume 

(2) <'''Operating Principles of Color 
,.- XeroxYl 

Jim Kelly 
Lunch 
Section Meetings 
Break,i 
Busjriess Meeting - Gold Coast ~oom 
Happy Hour - Lake Osceola Room 
Banquet - Semino1e,,-Orange Room 

Section Meetings 
Break 
Section Meetings 
Meeting Closes 

\) 
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TO: . 

C] 

Ad~anced ~~chnology Operation 
Beckman !rI~truments Inc!. 
Anaheim, California 
Attn: Mr •. John Walsh· 

L;~~,.· 
~rd INTERIM7 PROGRESS REPORT 
1 through 30 Septe~,er 1977 

Subcontract: Z-847905-6 

~ .. , . ...".,. ,~;" ."'- ,-~" 

\-, 

Subcorl'l:ractor: 

Submitted by: 

University of California 
Berkeley, ealirorni9 9~720 
B.W. GI"unhaum 
Principal Investigator 

Ii 

4: 
30 September 1.977 . 
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f~ ,~( 
15, 1977, I requested certain modifications in ~he Technical 

f· ., ."",..,. 

.,J 

:N''i\Jirer.1en"ts of the subcontrac"t to permit some possibility for a usable 

Floocstain linalysis System. (See letter to Jack rlalsh, A TO,., Beckman. Sept. 15, 

1917). As ;'et, those pro~osals have~ot been n,egotiated.'The fo1lowi,ng report 

gives details of the pr:ogress of work according to the subcontract now in 

effect, andl~also explores possibilities for development of a more effective 

Eloocs:tainAnalysis system. I 'Want my recommendations to be clearly on record. 

HE:'thcdolog;[ 

'i'wo major improvements in methodology for typing Hp and GLO-I have been 

a~complished during the month of:;-~September. 

!!E. Using a Ncmophor type and size gel plate, several 6% aCI"Ylamide. gels 

(non ,gI"adieA't) are easily prepared for use the same day or on subsequent days. "".' 

The gkl thickness is 1 mm. At first blood samples were placed with a ,fine 

capil,lary pipiat into slots that had been cut in the, gel. Later, we found it 

poss:tble to inject 8 samples simUltaneously into gel'by means of a 13eckman 

Instr'~ents Inco, 8 'samp\~e plastic applicator. This is not the best sample 

application method, it proves quite adeq\late. Thepl"'esent plate will accom-

modat"e 12 samples. 

ln a number of eXperiments, we tried a range from no cooling at all to 

cooling ai: about SoC.' The best separations are obtained by cooling with tap 

I / 0 I'll 
water:. while electrophoresing for 45 to 60 minutes. It "'as al.so found, as 

expec:ted t that staining time is considerably shortened. This is because of the 
!~~",:; .' 

ready' .peTletT'~tion of the o-dianis~'dine stain into the 1 i.lI1l gel, as compared, to 
. Ii <7;' ~.. ,> 

the ra.te of penetration into the 3 mm gel which is used ~.;ith the Beckman 
:;. 

Jl,icl"'ozone system. The longer staining time is required "}"'hen using the Beckman 

s)'s't 'e:m b€:cause the specimen itself runs in! the gec.'lletrical center of 'the gel 

7\ 

-. 
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ii 

a:ld is insulated with about 1 mm clear gel on each siOe. Also, because the 

c_c;a~isidine is not readily soluble in aqueous media, the amount of stain 

~.e:1etrating through the gel becomes smaller as it reaches the center of the 
r 

gel. The_total analysis time for lj~ has now been reduced to approximately 
.~ 

90 to 120 minutes, as compared to the 16 hours needed for the lip method described 

in r.:)" progress report to Beckman, January 10, to July 31, 1977. Imrriuno

fixation on the thin acry1amide gels for lip was alsosllown to be successful. 

GLO-I. A new method using 6% acrylamide, gel in a mmophor type and size gel 

plate, proved very satisfactory for the clearcut separation and typing of the 

three co;nmon variants of GLO-I. Both fresh blood and bloodstains bave been 

used. A few minor technical prob'lems will be worked out witn the availabii,ity 

of proper gel cutting sample application tips. As with Hp, this plate will also 

carry 12 sar.:ples. 
... 

NOTE: This taboratory has been and is engaged in metbodology development for 

genetic variants apart from the Bloodstain Analysis System (BAS) sub-

contract. It is difficult sometimes to separate which research is done 

for whicb project. Generally, since other developmental projects are 

mu,ch more extensive and have been going on pdor to the BAS Projc'?t, 

th~ latter is in a position to benefit from the research results. The 

methodolpgy'reportedhere on Hp and GLO-I falls into this category. 

snmLTAHEOUS ANALYSES 

D~velOument of Setups . . . 

In accord with ast:ro,ng recommendation from Eeclanan ATO,: al1_Bloods~ain 
() 'JJ 

r.r.alysis Projec~ effort in this laboratory has been concentrated upon use of 
p 

Si: a,. .... c,h ge1-agarose gel for combined analyses. The blood constituents which' 

~ave be\:!n selected for analysis have",been grouped fot' probable compatibili tj in 

a th:'e,e S~nlp system. The first gr6up, PGH, EsD, and GLO-I, can now be 

d~termined simultaneously on a single elecrophoretic substrate plate. With the 

"" ",:-'C, t '~;f!cond g-t'oup, EAP, AK, and ADA, several problems remain to be resolved. The 
"'-...$>' 

third proposed group would pair Hp ~nd Gc. There is some doubt that it ",rill 

be possible to work out asimultaneoU(f,.i.determination of these two proteins on a 

single setup. An ell ternative would be to determine these genetic markers 
.. ~ 

separately, whicQ "Iould, of course, require an additional setup. See attached 

Svstem Development , 

Should the simultaneous analysis for the eight selected genetic systems 

in bloodstains prove feasible on three or four setups, it will be necessary to 

start, at once, to integrate equipment, reagents, instructions, and associated 

materials into a workable system for the feasibility demonstration tests. 

According to the contract (Task 5.2.2-System Development) it is my responsi-
~ t ", 

,!:, "bility to recc;:)mend equipment for this st,age of the Project, which will be 

provided as CF~. Earlier this month, I requested three Nanophors" but have 
'.' 

had no response. I will need either these instruments or three Microzone 

Ullits modified to my specifications in order to procede with System Development. 

As soon as this equipment is available, this laboratory will adapt the 

first setup (PGM, EsD, GLO-I) for simUltaneous electrophoresis on one of the 

units.. 1£ and ~ .. hen the other setups using gels are worked out, they too will 

be integrated into the system. 

". \\"hen the e'quip';l'le.nt becomes available, I will also test my hYf,'0thesis that 
~" lZ 

"'-:~, f \ 

~J'~':''''>::'~:::::::' sm.,' au, 1 ta, ,ne, ous ,a, na1y se,S of seve,ra1 polymorphic systems are better when 'overlays 

:::::::'''''a:r:~ placed parallel rather than perpendicular to the electrophoretic axis 
1 "--<~:.:.::-" 

j 101 (See i~2'kma!!o:::~:.s Proposal)" This innovation shoUld avoid some of the dif-
T! -----:::.-:.--::-_____ 

~, ficu1ties that ari~~~b~S~t:~~ of inconsistency in the q.uality of gels. 

It is dif:::icul t to rep~cTh1:eC::c:t~~ exact consistency of. gels from batch 
-~~.:...:-:::<:::::.::,--.. 

I ~ to batch (See. Gr.1T'.l:.aUl:l, Ref. 1). This is ·Pat--:t·;tf,u:.:~arJ..y true with agarose gel. 
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It is possible that it will be recogniz.ed that the Aerospace Technical 

Req~irement of "three electrophoretic g,ubstrate plates and no more than three 

ce11s lt is not really practical, will compromise the other technical requirements, 

and will not serve the--best intereijs of the forensic laboratory. In such an 

eventuality, it would be advisable to be able to offer a bloodstain system that 

is superior to the proposed starch, gel-,agarose, gel methodology, and which holds 

promise of better fulfi1ing all Technical Requirements except the three 

t'setups .. " 

There are several arguIllents in favor of the new methods. first, the confir-

mation tests (gontbly Progl"ess Report BAS, September 8, 1977) clearly demonstrate 

that the newly developed methods for bloodstain typing using cellulose, acetate 

yield as good results as the old-fashioned methods using gels. Secondly, it is 

.. ''', = 11 these tests uSl.·ng only two kinds of sup', porting media. no~ pqs~~b1e to per~orm a 

f GLO 1 d H CAu, will be used for the six Acry1amide gel will be used or ,-- an po L'J 

others. fianlly, the new methods will better meet the over-all contract re-

quire:ments. 

th 1 (1) A sl.·ngle Hicr,oz.one cell (modified) Two approaches suggest emse ves: 

way he used as sho~~ below: 

Grder of Analysis 

Sample Preparation 

PGM 

EsD 

Ak-f.D.l:-EAP 
(sinul taneous) 

GLO-l 

Hp-Gc: 
(simultaneous) 

Subs'trate c."/ 

CAM 

II 

11 

11 

Acrylarnide 
gel 

" 

Hands On 

15 min. 

15 " 
15 11 

25 II 

30 tI 

35 

Total time 135 min. 
(2 h. 15 min.) 

'J 

E1aDsed Time . 

15 min. 

75 " 
60 

60 11 

150 11 

120 JI 

480 min. 
(6 h.) 

I. 

'·""-'·~·"·~.~- ... ·...;--- ... ,,-.-·~_1"_~~ .... _.""' ..... __ .~·.""".,,'Wi~- ...... "'''·-·~~""'-~-~~"$If., ... iltm .... " -_,._t 
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Imperceptible varying amounts of trace contamin,ants may radically alter 

electrophoretic patte;i'ns as a result of electroendosmosis, which is difficult 
~ \, 

\ 

to control. There is i\~h;ays the possibility tha't overlap and too-close margins 
I 
\ 

will result in loss of 'hands when phenotype pattE!rnS are determined in the 
Ii 

perpendicular fashion qSee Beckman f~ Monthly Progress Report, September 8 , 1977). 
i: 

Thus it is likely for ~,aboratories using agarose gel from different sources to 

obtain conflicting res~i1 ts on the analysis of the;l same bloodstain specimen. 

The bloodstain wi),l. be placed in the gel ..:ith appropriate standards on 
I' 
!, 

I~itner side. Since thd, proposed setup can accoli1il1odate 12 samples, it is thus 

possible to ,arrange fori' the simultaneous analysis of PGM, EsD, and GLO-l 

(or any other gr~up of lithree determiners that can use a ccrnmon pH and buffer). 

At 'the end of e1ectroph~resis, the overlays with appropriate substrates will be 

placed pa~~11el to the 

possibilIty of l(:)ss of 

!r=lectrophoretic 
I! 

:i.nformation due 

axis of eacb variant and there is no 

to over1ap;ping orfaili,ng to cover any 

of 'the bands, r.eg~lrd1es~~ of the quality and makeup of the, gel. 
'I 

Very little hi'as beJin repOl ... ted in forensic literature ofari,r research 

. 1 '1 t h . us;ng single Usetups.u However a attempts at Sl.mu taneous. e.,ec rop oresl.S .... , 

recent paper (See re\f. ~) describing such research concludes with the follo ... ling 

ret/arks: 

"TrJere are sever"alprecau'tions ...:hich should be stated when doing multiple 

enzyr.le sysi:ems. Firs~, t there are the considel"ationsof pH and ionic"strength 

\\. , \ 
which are not necessar;ily optimal for each enzyme studied. Second, ~~ any 

mu1 tip1e enzyme system ~\ the rarer variant banding pa'ttern of anyone of the 
I;" II " 

~ h 1 ';I'I,\',to t'he' develo.ome, nt region of a second enz.yme will not enzymes t at over aps .1 
\\ 
I' 

be visualized. Thus, mui,~tiple"';;enz.yme systems might best be used as a rapid 
',I 
'1\\ 

1'1\ ." 'f.'ould';t not be betLer LO sCT'ee;)ing test to obseI1~~~ baS.i.c enzyme varlants. " ... 
tD. ..~ (:~( • 

.c;".al vz.e for single cons~i\tuent~i""in 'the first place and do it right under op1:!,mal 
,J '11 \\, 

:1 '\ 

'Ii 1\ 
C'bnditions? :1 ~ 

\\ 
II 
'I 

. ~'C:'C2~,,~,~"~,,-""~_c"'::1"'::"" 
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-' It will be very easy to repeat, if necessary, any C:>rl~ or all of the 

a7'lalyses within the time limits allotted by Aerospace requiremepts. (2) Using 

two or three cells, it is obvious that speed of analysis will be increased, 
:; /' 

and more flexiliility w:j.;l.l be affc,rded. 
~ 

This approach has recently been tested as IITechnology Transfer" during a 

'Workshop sponsored by the Southe:rn Association of Forensic Scientists. See 

a:ttached letter from the US Army Criminal Investigation Laboratory and my reply. 

Corrrnent 

By the time the final report of the BAS i~ completed, the ar,guments 

concerning the use of starch, gel vs. cellulose acetate may be irrelevant. It 

is now known that separation of :proteins in a linear pH gradient produces an 

unusually high degree of resolution by separating proteins according to their 

isoelect-ric point. Electrofocusing on polyacrylamide, gel, not only results in 

many more electrophoretic zones, but each zone is highly concentrated as an 

inherent feature of the ,technique. Thus, for instance, it;t the EAP system, 

Kaczmarek, (see Ref. 3) usi~g a highly purified enzyme, showed 21 isoenzymes 

for a given Dhenotype, while conventional elec~rophoresis shows only ,about two 
" ., 'l-

or three (so called primary, secondary) tertiary bands)' 

Using i'!:iioelectrofocusing for typing the common PGM variants, .Bark et all 

(see Ref. 4) demonstrated 10 new .... ariants. They thus increased the discrimi-

nation probability of PGH from about 1 in 2 to I in 4 individuals. This is of 

-.:remendous significance when examining bloodstain evidence. Grunbaum in 1975, 

(see Ref. 5) working with.-dI'ied b~oodstains found" about 60 bands (zones) after 
Ii 

isoelectric focusing'~ On the basis of :this finding, a system was proposed ~hich! 

would make it possible to determine 5 'to 10 genetic systems slmu1,taneous1y. 

Su~sequentlyBurdett and Whitehead (see Ref. ~) reported simultaneous 

Ii 

II 

. -) 
1 

se?a~ations of several polymorphic systems. 

It should be noted that in the Beckman Technical Proposal, Part II, 

Electrophoretic Bloodstain Analysis System, pp. 11-14, the proposed general 

approach rftconrnended the evaluation of ' the technique of isoelectric focusing 
j!-.. 
'oii 

to determine its potential fop methodologic Simplification. It is unfortunate 

that Aerospace cbose to delete all st1.ldies related to the use of isoelectric 

focusing for electrophoresis. 

The Beckman proposal ,also included an approach for the definition of 

"markers" which would indiq~te whether components ,had seriously d.egraded (p. 17). 

.Aerospace deleted all enzyme marker studies.relat~d to determination of age of 

stain for ascertaining whether the stain can be eiasily analyzed by electro-

phoresis. Indepenqent of the BAS, this laborato~~ has carried out the marker 

system studies, with useful results. 
'I 

Using the h~ghly sensitive and specific 
!I 
il 

it is possibJle to assess the relative electro-immuno...;precipit~tion method, 

amounts of Hpand Gc remaining in a bloodstain. This test is carried out on 

. cellulose acetate using the unmodified BecJ.. .. '1llan Mil:;'ozone cell. If no Hp or Gc 

shows up in-these tests, phenotyping by electrophoresis is probably of no use. 

If, on ~he other hand~ Hp and Gc are present to any extent the chances are that 

the stain is relatively fre$b or well preserved and warrants the complete 

cll,alysis for all vari~nts. 
!', 
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"DEPARTMENT OF THE ARMY 
UNITED STATES ARMV CRIMINAL INVESTIGATION lABOAATORY-CONUS 

...... "-, I, 
C:~RCL-CT 

D:r. W. Grunbaum 
Bbilding T-2251 
University of California 
13erkeley, CA 94720 

Dear Dr. Grunba~m, 

FORi GORDON, GEORGIA 30905 

20 September 1977 

13erkeley 

The workshop you held in Orlando at the SAYS meeting'\o;'as most informative. 
The other serol.ogist·s in this laboratory and ! are anxious to try as 

.many enz)~ejsystems as possible on cellulose acetate membranes, and our 
Beckman Microzone system is now operat~'onal. We helVe reagents for E.AP» 
EsD, P~J, ~:6-PD, Pep A, AR, and human' semen, and 'I.1Quld greatly appreciate 
copies ?f your proc~dures for these and any other systems you have 
d ev e.l op~ed .' 

Ii 

Sincerely: 

Af, ~.: .. , '. .r ff::::1A. . 
-,,,,,- '<.. .. - •• -l.,.. J..f~Uir,,~-"-
VIV.lE,NNE S'I'STOPP.ER 
Foreri~ic~hemist 
Serology/Trace Evidence Section 
Chemistry Divisjon 

G·:, 

\ I 

'{'\ 

.;. ,-:;i' 

r:\l\'£RSITY OF, CALIFORNIA, BERKELEY 

1.IIlIl.:tl.l:\ 'Tl\\'lS • 11\\,1:'-:£ • I,OS A~C;£LES • RI\,El\SIOJ: • SAt; OIU:O • S.AS T", ... ":CISCO SA>''''''' BA"'BAM • SA"" ... CI\U1. 

WHITt MOlJNTAIN RESEARCH STATION 

~s. Vivienne ~. Stopper 
=rorensic Chemist 
Serology/Trace Evidence 
Cheillistry Divislon 

Dear Ms. Stopper, 

Sec1;ion 
.,,' 

BUILDING T·22S~ 
BERI\ELEY, CA'!~IFORNIA 94720 

23 September, 1977 

'l'harlk you for your letter of September 20 , 1977. Under separate covel"! 
am sending you copies of my:;;:.procedures for EAP, EsD, PGM, Gc,and G-6-PD, for 
'l;se \-'ith both fresh blood and dried bloodstains. The· other procedures you 
have lin:ntioned are still under development. 

! am most interested to learn that yO\,l and the other sepologists in your 
la~oJ"ato~y are pJ anning to t'ry the determination of enzymel systems on cellulose 
acetate. THe methodology under Gevelo.?~ent in my 1 cl:>o:ratory;' i$ of value only 
if it. can ~'be Jea~ned Easily .<?nd put to good use in crime labor.;;,tories. I 

r:~ would very much appreciate r·e\:eiving from you an account,ofyo'Ur successes and 
1%,,,,,,' difficulties in use of these r.Tocedures. I would alst:) welcome any suggestions 

you ~ay have reg~rdi?g procedutes and, especlal1y, ho~ to make workshops more 
effective. " 

It is my feeling that the wo~}~hop in OrJando was hardly more than an 
introduction to the CAM procedures, and that those in attenc;ance can not be 

. E;.Xpected to use .this lT1ethodology without furt.h~r instruction. I would be 
intel'·t:s'tedto know if you run into any dirfi ~'\fi ties, and would be most wilH.ng 
to help you work out any problems. 

If you, or a~yone from your laborator~y, ~ould a~ange to visit us here in 
Eer}:E-ley for a :- e .... · cays, you would be:. most wei'cc~e to become acquainted with 
the work we are doing here and "train in the n1e'thodology ~nder our instruction. 

Please let me know if I can be of dny further help. 

Sincerely Yours,. 
-,.> I • J, 
.,p,..... ... -;::1.. ~ c , • - t... . ;r ~ \............,. l...::::....- '-'--
EE:njal':lin W. G~uT'.baum. Ph.D. 
F.es,earch Biochemist 

I} 
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Eloocstain Arla1ysis System Proj~ct 
Mu1t{svstem Status 

23 September, 1977 

As s-::ated at the last program r~'view the 'Work on }1ul tisystem analysis 
!"clls into lr.ree, bl"oups •. 

~. 
1. 

II. 
J! 1. 

At pH 7.4 

J..'t pH 5. 9 

h't pH 8.3 

GROUP I 

PGM, ESD, GLO I 

:cAP, AK, ADA 

Hp, Gc 

This system has been conducted m~linly on starch. Tbe electrophoresis is 
car:,ied out in approximately four noul1's after which ESD is the first to be 
cle ..... el oped. The results are read and photographed followed by the development 
of the PuM and GLO Systems. There is ~o 'over1ap 'Wi.~~h these two systems and all 
ra:::-e .... arian'ts can be seen. Subsequent. work 'With agarose showed considerable 
prorn5.se. The addition of starch was necessary fo'r the development of GLO 
so this -..:as. incorporated in1:o the gel iat 2%. Working 'With this system, 
eJ ectropho:::-esis time is reduced and th~ar:e is considerable improvement in the 
separaTion of the GLO and ESD isozymes..'There is no reduction in the separa
't 5. on of ?G.~. Approximat ely 65 el ectrophoretic analyses have been conduct ed to 
cletect this torr~ination of systems. lto 4 'Week old bloodstains have heen 
analyse d in this group, the r.,ajority of: which have given readable correct 

"~,, resul 'ts. 
{,;"':'-1 
.. ~:I" 

o 

P:r'oblem Areas 
There are very few here. The limits of use need to be determined 

on the following: 1. Tpe amount .pf starch 
2. The GLO realction mixture 
3. The ESD rea(:tion buffer 

Conclusion 
This. group will constitute the first set-up. 

GROUP 11 
This system has also been conductecf'mainly on starch althou'ghit. is hoped 

that i"l: will eventually be used on agaro!;;e or a£arose/star'ch. Citrate-phosphcrte 
buffers have been investigated in the pH range of 5-6.5. There has been a 
signi:f i cant ir.provement in the separatio.n of rAP is o:')jj/es and a small improve.D 
ment in 'the resolu'tion of oAK .. isozymes. In the original system ADA ...:as upsatis
fccto:::-y in its separation. An improvement has been noted in other buffers 
(eg: pH 5.5) and work is cont,inuing in this direction. Approximately 20 
a::-H!lyses have been conducted using this combination -..:ith Ti,any more being 
conducted on an individual basis using differen1: buffers. 

F:r'ob1em Areas . 
1. The r.DA reaction mixture is giving continual problems which i~;,\ eii:her 

due to impure chemicals or t.o the' reaction being condul:'ted outside its 
pH/oolar conc. range. . 

2. There is a sl,ight overlap b(:~een AX and I:AP .... here the rare variant 
r.r. ~-l may be rn~~sed. This ... ay be overco:-ne by a c'hange in pH or by 
d~veloping the isoz.rme~ se?~rat~ly.' i, . .' 

3. The individual enz"lr:,es -nave 'di:i'erent sC1'}sitivi'ties to reducing agents 
~ih.i cb .. ,ay c:a~s e probJ E:..ilS. 

. " 
1I:~.,~~~,~",:;~z:!J,E:~=.~:,;:.:::"':"~,:.·.£J:":·.::~~~.: .. :;:---l.~::'::'::!;=~~_ . ~::!.L ., .... "L.l ... , .......... w, .. ec:._dt£!J.at$~A.k.!Ii:taL 

--_._----
] 
I 

Conclusion 
This group has great promise and will form the basis of the second 

set-up. 
\ J ••• 

"~'G..~OUP III 
This group is the most diffic~lt and requires the most work. The first 

cppr~ach ~as to detect both prot~~~~ by antigen-antibody crossed electrophoresis 
(.t..ACE). The results are very entour,agi,ng with all types of Gc and Hp being 
separated. However, while tbe separ~ion of Gc is excellent, the Hp pben'o
-::ypes (clue to very little cha.rge differences netween theml do not separate 
.....er·Y "'ell. There is also a certain amount of manual dexterity required when 
~l:'ing this system. 

The second a?proach now being conducted is to try to separate the proteins 
on acrylc.miae, detecti,ng the Hp with o-tolidine and the Gc by im:nuno-fixation. 
There are Ti",any combinations of buffers and acrylamide concentration and so it 
l7.ay be some time before the right coniliination is found .. 

It is pcssible to phenot)~e bot~ Gc and Rp on acrylamide usi,ng serum 
sa:::?l es but pn stains there is an excess of rIb wbich tends to mask the banding. 
;'pp:rc>:ii7,ately 20 analyses have been conducted on acrylamiq,e and about 12 by , 
I.ACE. 

P.:roblcTf. Areas 
1. Using ~~CE there is an interaction between the two antisera. Antisera 

from different manufacturers can be tried. 
2 •. r~nding the ri,ght combination of buffer and acrylamide concent:r'ation 

which will enao1e both }Ip and Gc to be separated, 
3. The e;.:cess HD which occurs in bloodstains causes serious problems in 

Hp t2v"ping. 
~. As mentioned earlier, Gc protein is unstable and therefore it 'Will 

pro~ably only he cletected in 50 to 60% of all bloodstains. 

Conclusion 
The group has promise but it requires agre.at deal ox work before a 

OE:cis) on' can be made. Ho-..:ever. if this combination does not work then 
inclividual systems can be used, but: it would require an extra set-up. 

OV::?~~LL COHCLUSIONS 
Se ..... en s~ains scl>mitted to the lahoratory 

G::--oU? '':t:::-,e cnaly~ed by Bul'tisystem analysis. 
c.a:"r'ect :::-esults for all s"I:ains in PGM, GLO I, 
fcve corr'ect resul1:s in I:AP and AK. Analyses 
:::-i ed oU't. 

from the Forensic Biology Study 
One application of stain gave 
andI:SD. A second appli'cation 
for ADA, Gc. and Hp were not car-

l·!ultisystem analysis has a very))igh potential in this program 'With a 
Vf!;~y food pcssihD.i ty of being able to a:-.alyse four ~eey. old bloods'tains with 
a disc:,ir.',inatlon ]J:'Obability of 1 ip 200 using only three set-ups. 

cc:: 1:. W. Gr'.l:'"'-= au.-:l 
J. :So:-c!:'.n:.x ,. .. '" .. .... "c:.!.sn 

/ 

Brian i-i:-a>:a1l 
Beck:'.an Consultant 
Bloocstain Ar.alysis Syst eIt. 

o Prcjf!;ct 
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\ ',\]\ EH~lTY OF' CALIFORNIA,., BERKELEY 

SA)",,,, BAII8AI\A • U"',A CII1..":t 

BUILDING T-l2Sl 
BERKELEY, CAUFORNIA 94720 

"'HlTE MOL''''TAIN RESEAJ{CH STATION 

,,~ 

}J,r. John Walsh 
Director, Life, Sciences 
Advanced Technology Operation 
BEf,Gj.:;;-,an Instruments, Inc. 
1630 South State College Blvd. 
Anaheim, California 92806 

Dear Jad<.: 

20 July 19'77 

I "am .... "I"iting in refe.rence to the" meeting on the Bloodstain Analysis System 
which took place at the White Mountain Rese'arch Station in Berkeley on June 20, 
1977. As principal invest,igator, I expected .a copy of the minutes of tbis 
meeting to be sent to me by the Aerospace Corporation. Alth~ugh this has not 
been done, I have seen the copy sent to Del Re and HarmoI'.· 

-4 ~ " 0 ", , . 

The.rminutes indicate, ~hat five representat~,ves from the Aerospace Corp-

!® '.,' 

oration were in attendance. rive Beckman people were listed as l'resent\j 
including the two consultants, Br~an Wraxall and Mark Stolorow. who are working 
as guests in my laboratory. ~:;rhe University of Cali:f'ornia was represented:Jhy 
t:wo technicians ""ho work part-time"on the Bloodstain Analysis System project. I 

o 

at my discretion. 

! wish to make several corrrnent:s ~.egardi.ng t~is lTleeti,ng and conclude with 
a request .. 

1. This laboratory ;;as not represented; at the June ~O meeting. In retro .. 
spect» ! feel that any Aerospace-Beckrnan-U.C. meeting should have been pos~poned 
until my return from 'Europe. Benny D~l,!IRe and Gary" Harmor" ~ho attended the 
meetirig~ do not have-the authority to repr~sent either this laboratory or the 
Un;iversity of California in a meetirigof '1i'nl.S kind. They are technicians 
employed by the ':University 'of Califo:r:nia Who work under my di:rect supe:J;"Vlsion;' 

" and spend only pa:rt of their time on ,the Bloodstain Analysis System program, 1 

at roy discretion. ,":'::r 

2. Aqcot'd~ng to the' terms of the subcontract between the University "of 
California and the Beckman Corporation, it is thel"'esponsihility of "~he 
University laboratory to se~ect the methods t6 be included in the Blood$tain 
Analysis System. It is Becxir,an's. responsihllity to test this syste. .. ·nafter it 
is presented hy the Universi,ty laboratory. 1 ""as as-~ounded to read 3:in ~he 
Y.inllteS that the two 'Bec}:rr,an consultants had announced decislons co~cerning 
methodology.' As 9rie example; Br'ian Wr~:all discuss~s c6nclusioDs regarding 
the varlous substrates. They h.av~ not produced sUffl'2i'ent e>:p~rime'ntal 
evicE:nce to stJ?p~rt such de~,l.sion:s. I must go on recol"'d as saying that I,do 
not c.i:',l"l:ewitn the st at e..'nentlS, that these !:\ed:T.",an consultants f:tflve made." 1 pust: 
challeng~ theil;' ,right to r..ak,e anydecislons in regard to l:.eth6dology~ 'their 
~pin1ot;s are welcome t but. t~~ final l"'espo~sibi~i1:y(.j l"'~s"ts . upoB~i~ ~,; a~(pi'lhcipal 
wvestlgator and representatlve of the, Unl.ve.rs.lty of Call.fornl.a. 

~ <-'" 
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Jobn ,,'a1sh 2 
,Ie.; 

20 July 19\1'7 

It is my opin.~,on that any conments and evaluations made by Beckman consul
tants should be made rreely tb the pr'oper Beckman representatives. However, 
reports to Aerospace should first be cleared with both the University of 
California and Beckman& 

III 

3. Finally, r must protest. the tlflaptt regarding the Nanophore. According 
to the agreement between NASA and~!,EAA, two N'anopho'res were to be left in this 
labora't'ory for four months, and one" of these was to be left bere IOI' em addi
tional seven months o Before I left for Europe the methodology usi.ng cellulose 
acetate membranes was thoroughly tested on the Na~9phore. ' As you will remember, 
I nresented SQ~e of the excellent results at the Aerospace-Beckman-U.C. meeting 
he;e in May. The first unit was returned to NASA at their written request for 
additional develDpmental. work just before my dep?.rture. It 'WaS not needed in 
the laboratory. While the unit !'f>....maining in the labol'Story l-(as not equipped 
for use with cellulose acetate, it was ideal for use vith starch gQl and other 
gel media. I had requested, and the two BecKman consultants had agreed to test 

, the starch gel methods with the Nanophore during my absence. They did not do so, 
but the re'ason was 'E£! that the Nanophore ,,'as '11(:rt; available. 

I am req,uesti.ng that you Sf~t the record stra,ight with'the- Aerospad'eCorp
oration. First, nothing reported at the 'June 20 meeting by the Beckman 
consul tants is tp be interpreted as authorized by me, 'as director of this 
research, or the"University of California as subcontractor. Secondly, I 
absolutely~ disagree with most of the findings of the Beckman consult ants and 
I challenge their :r:ight to make any decis ions r,f!gardi,r.',g methodol.ogy .. 

h At this time, the work in this laboratory is on schedule anq is progressing 
.,' in a highly satisfact'ory manner. I feel that it will be in the best interests 

of the University of California and of Beckman that, in the future, we resolve 
differe"'l<:es of opinion prior to any meetings with Aervspace. It is understood 
that I take full responsibility for decisions concern:i.ng methodology. It is in 
Beckman's interest to make it clear that th~ir consult'ants are servi,ng as 
advisors, not decision-makers. 

I will be intere;5ted to rJceive your respons.e to the thoughts I have 
e>;pressed in this le,tier. Especially. I hope that we will be' able to present 
1:0 the Aerospace Corporation a clear state.m;..:;nt,;regar9ing obligation and respon
sibility, and that it be dearly understood tt:~t I co not in any way endorse 
the findings and conclusions as recorded at r.})S June 20th meeting. 

1/ • 
~! 

Sincerely y~urs. 

B. 11 •. Gruiili'aurn 

E'n'G! emn 
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In refer~nce to the official minutes 

('.3 .. 1ectrophor'esis Progra.rn Revi:'W th~t was 
~~~ountain Research Center, Unlverslty of 

20 June, 1977. 

iI. &; .. ;- v '"~>;;..~~ .... t::,.;.:~ (~. -

~/177 
of the Bloodstain 
held at the ~~ite 
California, Berkeley, 

First, I request that it be put in th~ record that fince I 
~as not pre'sent and had delegat~.p. no one to take my pla~e, the 
Uni v e rs i ty, as subcontract;r, ",.B."~ not repre sented c 

Secondl!, I feel it appropriate to remove from the minutes 
certain rer-larks by Brian ,,'raxall conc,erning ~ sa.mpl~ analyzed 
as ~art of an OCJP project. As Hr" ..... raxall ~s not ~nvo'1v1.~ . 
in ~nJ ~ay in the OCJP project and does not have my authorat~on 
to anal:;.·z~ OCJP sa:nples, his remark: to ~ joint roee'Jing. of . 
';erospace and Beckman represent a v~olat~on of the hosl?~tall.ty 
of this laboratory. Further, his corr~ents and conclus~o~s 
are incorrect, misleading, and show a lack of understandlng 
of the ~ay in "Ihich OCJP aats are handled. 
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8i2y.~AN INSTRU~\ENTS\ INC. 
AOVANC!;~ TECHNOLOCY OPERATIONS 
1630 SOUlh~S!i!!, ColI~gt Boul .. vl.d, ~naheim. CalifornIa 112W5' Telephone: (7"1 634-,3-'3 • TWX: 1110.592-1260' Teln: 06-7&413 
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August 18, 1977 

Un~versity of California 
vi"hite }1ountain Research Station 
Berkeley Campus, Bldg. I-22Sl 
Berkeley, CA 94720 

Attention: Dr. B. W. Grunbaum 

Dear Ben: 

I have "enclosed copies of the ",'ork plan we agreed on at our meeting of 
Augusfl.6~· As we have a1"l recognized it will be necessary to ,;use the 
limit:ed time and manpower most effectively if we are to solve the 
formidable problems 'remaining on this program. 

'. Identifying 
assure that 
monitored. 
modated. I 
assignments 

anq assigning specific tasks to members of your team will 
proper priorities are'establ&shed and progress easily 
In any development project, the unexpected must be accom
suggest we do this by reviewing and updating the task 
on a weekly basis. ' 

I am pleased with the spirit of "cooperation and dedication which is 
being 'expressed by you and your University employees and our consultant~~') 
]01r. Wra>:all. I am confident that your combined efforts will be success-'~ 
ful in mee~ing our program ol'>jectives. ,) 

Sincerely, 

I 
• -f>". ~ /,,-r_. v 

/' {/ 
Jea.."'l l)ordeaux 
'Prograln,Manager. 

'JB:gw , 

cc: R. Shaler 
The Aerospace Corporation 

B. Wraxall 
BII Consultant at UCB 

Enclosure 

l 
I 

I 

II 

o 

o 

o 

o 

o 
1/ 

:li.~,\ 
'""~# 

.~.: ,,;; 

H.t..JOR TAS::-.5 - SYSTEH DEVELOP:'!ENT 

1. Run confirrr~tion tests. 

2. 

3. 

Revie,,' substrate selection. 

Revie\\' sys tem variabler.,s • 

'Establish groups of' consti tuents 

Starc;.h 
CAM 
Acrylar.-dde· 
Agarose 

on: 

4. Establish limits for process variables. 

pH 
Buffer Composition 
Separation Time " 
Separation Distance 
Voltage/Amps :'J 

'f" 
U 

5. Review data and select compromise values for the process variables 
, for each group of constituents. 

'~. 

II. 
6¥ '''RUn a series of test,s with each group to determine ability to achieve 

;;,?ccurate phenotyping. 

"k _ 

l~11ole Blood 
Stains' 

TYPICAl. SYSTEM DEVELOPNENT LOGIC NETHORK 

Select GrouptConstituents 

Explore pH V\riations I . 
Select Commo,n pH 

Arbitratv 
Selections 

/J 

Revie'~ Buffer Cor.nj'ositions I . . 
Select'Cor.unon Buffer 

I 
Select CO:il:non Voltage 

'--__ .....,10- Croup ~estinl - iofuole Blood 

Empirical 
A justr.lents 

Confirmation Tests - \,TClole Blf}bd 

Aged Stain Tetting 

Syst~ms 

}I 

."'c' , 
.' 

d ' 
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Tasks 

Gonfirmatidn Tests 

Revie~ ... Substrate Selection 

Establish Constituent Groups 

Trip 

Group Analyses 

1., PGM, AK, EsD - CAM 

2. EAP, lillA, GLO 1 - Starch 

3. lip, Gc - CAM 

- ..A..garose 

4. Other Gro'1;f.ps TBD 

(PGM, ·EsD, GLO I) 

(EAP, .tU<, MJA) 

(PGH, •. EsD, AK, ADA, EAP) 

If ,1; 

Peo'Ole 

Bra~n, Gary 

'Ben 

Ben 

Ben' 

Gary_ 

"Brian 

Ben 

/:Brian 

Ben 

() 

(i 

Start 

8/15 

8/22 

8/17 

8/17 
i~, ' 8/22, 

loR. 

'9/1 

Time 
Comolet~ 

o 

I) 

8/19 

8/19 

8/29 

8/29 

8/29 

10/15 

10/15 

.; 
'" • .. ""';<."'.z......,.--'1,:~~'""----_____ ".. ..... iiii~'i.'itf.,"\_ 

!' 

o . 
INSTRUMENTS, INC. 

q, 
AO\'ANC£O T£CHNOLOC'v OPF.:RA';,IPN5 

1630 50. STATE COI.I.I;CO[ BLVD., ""A,.p", CALlrOftNIA .~.o .. TI:Lt:r,.O,.It; .,1., &' .... 3 .. 3 • 'TWX; 110.:1.:(.12110. Tt:LI:X; 0&.'8.1' 

~. September 6, 1977 

B. W. Gruribaum, Ph.D. 
University of California 
Building T-2251 
Berkeley, California 94740 

Dear Dr. Grunbaum: 

A great- deal of effort hc:~s been expended during the System Defini.., 
tion Phase of the Bloodsic.ain Analysis Program to stUdy and select 
optimum media for the an~lysis of aged, dry bloodstains. For 

~, most of the analyses~ tv{/o approaches have been considered in 
parallel -- the use of ~,tarch gel and cellulose acetate. 

i/ 
Our program schedule diibtates that the System Definition Phase be 
concl'udedt:opermit fOCiluS 9f our attention on the System Develop
ment Phas~. It is. therieJore necessary atGhis time to select the 

"' approach Offering tre ~freatest promise 'of meetin,g: contract- objec-
~tives ~ i. !I 

your past and' current I~cti vi ties demonstrated th.e adequacy of 
cellulose acetate for ~e analysis of fresh blood. We bave great 
doubt, howevel~, that a/fll contract objectives can be satisfied' 
using cellulos,e acetat): without significant additional effor:t .. 

:r f, ' 

Ii • 
On the other hand, we iffeel t.hat adequate evidence has been pre-
sented to show that th,:e starch gel-agarose gel method for combined 
analyses offers great promise for the isoenzymes under consider
ation-- GLO-I, PGH, EsD, EAP, AX, and ADA. Blind trials(} demon
strated that starch gel "'"as superior to cellulose acetate for 
some of these and at least ec;I\lival~Iit for the others. 

J 

It may be that continuation of the System Defilri'{,tion phase woulrA' 
result in a cellulose agetate based system that. would be supe~~o17 
to one based on starch gel. However, the severe funding liJni ta-" 
tions preclude this" course of action. Continuing investigations 
into the use :pf cellulos.e acetate for the analysis of the above 
isoenzyrnes constitutes a diversion of needed J:"espurc~s frOm the 
more promising approach., and ",'e strongly )fecommenti discont,inuq,tion, 
of such studi.es now. 

" 
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Dr. B. \.;. Grunbaum 
_ 2 _ september 6, 1977 

\::1 ::;.~. 

" lose acetate is ~till a candidat:- for the.combined ~naly~is ~f 
,,,,:el~~d Haptoglobin, using ~W;Ofixat~on tec{1n~ques ~or local~zat~on 
':nd identification. optil1'l~zat~on effort should con,t~nue for the 
~~alysis of_ these two proteins. 

~ 
we feel that this ,approach should be 
If you have any questions, please do 

implemented as soon as "possible .. 
not hesitate to contact rne~ 

Sincerely, 

r\~m,tJcdh d. M. walsh . 
Manager, Life Sciences 
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l':\I\'ERSITY OF CALIFORNIA, BERKELEY 

, I "l.:ll,rY • rH\'I~ • lH\'IN£ • 1.0S A~C£I.r.s • J\:I\'tJ\.SltlE • SAN ,tlll:CO • SAS TI'IANCISCO 

l~/:~l7.!., ',.,,, 
WHITE MOU!'-,AIN RESEARCH STATION 

BUILDING T·22.51 
BERKELEY. CAUFORNIA 9<4120 

A 
~#/ 

P~. Jean Bordeaux 
Prop'aIn P.anager 
B.loocstain Ana~ysis System Project 
Acvanced Technology Operations 
Beckr.lan Instrume'nts, Inc. ' 
1630 South State College Blvd. 
Anaheim, California 9'28~6 

, p 

24 October ~977 

Re: Official Minutes, Program Review Meeting, 
Electrophoretic BloOdstain 'Analysis 
Beckman/University of California 
3 October 1.977 

Dear Jean: 

Will y,pu kindly direct Dr. Sh'aler, Director, Forensic Sciences, to make 
.the follo~:ing "corrections in the Official Minutes? 

1. 'The heading lISequentialAna1ysi~_ (Para,llel Separation)" is misleadi,ng in 
that it suggests that somehow these terms cLre synonymous. The paragraph which 
fol10 ... ·5 does nothi?g to relieve this basic misapprehension. ' 

In the handout you prepared for this meeting' (which ~. attached to the 
~inutes) and in my oral presentation at tHe meeting, two distinct and separate 

.' 11'-approaches were described as possible al t,ernatives to the system development 
wh5 ch has beetn selected by Beckman. Seq\.'l'elltial analysis is a system for making 
all analyses on a single cell. Parall~l/Sepat'ation is a method for simultaneous 
analysis on three "setupsll usi?g either lLagarose/starch; gel or cellulpse acetate 
r.,err~ranes. \\r-='" 
2. This section entitled "Sequential Analysis (Parallel Separation)" also 
:.ta-tes triat "this effort will be continued until such time as the simultaneous 
analysis system has been :fully developed and the potentlal for system compromises 
has been eliminated".") 

As you we~l know, all effort in this laboratory is now directed toward the 
ccarose/starch gel system of simultaneous determination. As you mentioned in 
your, lI,onthl.y p'rogress Report t dated October 7. 1977 J Cl. letter ret;omnending this 
cirection "--:8S sent to me fI"0:1;j Bec}~r.lan on September 6th. This letter rraoe it 
ouite clear that budgetary limS.tations did not f,le\;;mit the pursui1: of alternate 
~p'p);"Oaches. ~;"Since receipt of that 1etter,i 1 have,"assigned a full-time technician 
'to ... 'orkwitb Eecy,r.,an's CopsUl1:~?t 1'0 SUpPG\l"t of this re'cor:nendation. As you 
lmow froth ~ou.:r: ~equerit ~isit: j:oc!~h~ laborat0'P'~~,and frotn my "'T'it~en reports, 
no e::ort l.S beJ.ng, ::-.ade J.n thl.s laboratory to develop al t.ernate. approaches as 
r.art of the BI-.S. Pl'Oject. )'ou yourself clearly indicated in' YOUI"t:Cnthly report 
that, the alternate ,"ork which was described i~C the product of other progt'a::ls 
uncer ""ay ~t the .~"hite Mountain Rese!iarch Stat!J.on" . ., 

--

L , 
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3. The section entitled ttEq~ipi+,ent Selection" containstbe statement that 
(' "'lprS"r;~<?~pg data on the Potential Eq~lpment has been collected". I do not, 
"4/redh;~.:;~ ... ~ct that such data was presei)ted at the blleeti?g.If I am in erroI'l, 

:will you kindly refresh my ~~lemoryhy,supplYi?g me with the data. If lam 
not in error, the Hinutes sbo\jld be.' 1:Q!~rected accord.i.;lgly. 

4. The Minutes conclude with the st~;tement that UDraft 'copies of both the 
Feasibility Demonstration Test Plan and the Crime Laboratory Demonstration 
Test Plan wi+7- be submitted to AerospaCe ]:)Y 24 October 1977 0" Ido not remember 
discussion and ~greement concerni?g these ch~nges in sched~le at the Program 
Revier." Heeting. If such changes had been discussed, I would have raised 
immediate objection, since this laboratory is under contract to support prepara
tion 'of both these plans. I s~ggest that the r~rk I have quoted be deleted 
so that there \-till be no suggestion that either this laboratory or Beckman 
Instruments failed to comp'lY with an ,agreement. :;'. 

5. F.i.nally, I would like an acknowledgement in the Minutes ll that I, as sole 
representative of the University of Catifoy.'nia, presented research results and 

,other approaches, for the purpose of expressing a minority dissenting opinion. 
.. The Parallel method for sllnul taneous analyses', using three setups, ~as offered 

as a system now available and superior to the appr'oi:3.ch chosen hy Beckman for. 
development for simultaneous. analysis.. The sequential method was presented as 
a system which is more econemical, more practical, and inore in keeping with 
the needs of ""the U. S ... forensic laboratory than the system which Beckman bas 
chosen to aevelop. 

I" 6. I am chagrined that the substance of my report at the Program Review Meeti?g 
was either ignored or grossly misunderstood in the official Minutes. I would 
like acknow"ledgement in the Revised Minutes that I,l as sole represe.ntative of 
the UniversitY of California, described in detail methodology fot;' dried hlood
stain analysis which has been developed in this laboratory and which were not 
accepted for System Development. It is only because I am firmly convinced that 
Beckman Instruments did not choose the best available methodology for Systems 
Development that I made the effort to register a minority opinion, and I believe 
the official record should reflect "this dissent e 

! did nt;lt offer the parallel method for simuHaneous ana.lyses and the 
sequential system of analyses as possible. alternatives if the system of first 
choice Kas.~unsuccessfu1. On the contrary', I offered them for immediate adoption. 
The parallerapproach would ir;:-;)ediately solve the three "set-uph problem. On 
the othe~ hand, the sequel~tia1 approach would result in a system that is more 
economical, more practical, and more in keeping with the needs of the U.S .. 
forensic laboratory than:any three lIset-up" system. 

Sincerely yours, 

.' ? 
~ 

B.. W. Grunhaum 
BWG:e.!llD. 

,0 
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t:'eck:n~n:-) INSTRUMENTS. INC, 
- 1 

Dr. B. W. Grul'lbaum 
i-;'hite Hountain ''Research Station 
University of Cal.ifornia 
Building T-2251 
Berkeley~ California 94720 

October 27, 1977 

/. 
':/ 

• Re: Official Minutes, Program Review 
Meeting, Electrophoretic Bloodstain 
Analysis, Beckman/U i . n vers~ty of California, 
3 October 1977 

Dear Ben: 

c\ 
In response to yoti~.r letter of October 24th I am f di 
your letter to Dr . Sh l' ,0Nar ng a copy of 

'!~ paragraphs. • a er WJ.th my comments as indicated in the following 

As you have p6inte'~ Qut, there are points in the 
correct. Taking t~ese points one by one 
YOUr item one is cj?rrect and the minutes 

minutes which are not 

:i-· 

as enumerated in your letter 
should be clarified accordin~ly. 

Item 
work 

two is also c<~'rrect except that 25'7. 
o of your time is 

on some speci~;. ic items such h 
1, ~? t e serum proteins. 

available for 

-You are correct in "item three l.·n h . h . tat no pricing data was ave not completed .a compilatl.· n ...... , f presented. We 
.;". 0' pric.es as yet., 

In item four, no commitment was made at the 
either I program review to su 1 p an to Aerospace by Octob~~r 24th. pp Y 

As to item five, we can make it clear th . 
approaches of both sequential and par 11 at

l 
youlPresented the al terncttive 

comme t f h 1 a e ana yses. Ho-.;yever yo 
n sot east two sentences of l.·te fi ' ur 

--1..-' _t.. , .~... m . ve are matters of .. 
WU.L~nnave nOl: oeen subst~- .. .: _ .. _.:I '1.. .... _ opl.nJ.on 

"' ....... a .. cu L1:t l.t::st results and 
aware, are not in accordance with the <' .. t f'. as you are well 

. s .. a, ement 0 work. 

AgainJ in regards to item six there is ~ 
1l}inutes to shoW' your dissenti~g opinion \,0 B reason for not clarify.ing the'; 
that the parallel approach (on ~AM) l'd i ut , ~s noted above, your comment 

v wou mmedJ.ately solve th th 
set-up problems is not substantiated py test data. ~e ree 
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Dr. B. 'W. Grunba~m 
october 27, 1977 
Page '1'\010, 

,c' D 

There is no question that it .,would be desireable to continue developlnent 
of the CAM metpodology, Row~ver, under this pl:qgram it would requir~ a 
change in the statement of work an1 additional funds. 

~ 

'\\ 

jw 

Jt. .. 

Sincerely yours, 

BECKNAN INSTRUMENTS, INC~ 

'~ean Bordeaux 
Program l-1ariager 
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'ITE I>WUl'TA1N RESEARCH STA1'ION 

p.r. Jean Bordeaux 
Program l'~an,age.r 
Bloodstain Analysis System Project 
Ach'cnced 'Technology Operations 
Beckman Instruments, Inc. 
1630 South State College B.lvd. 
Anaheim, CQlifornia 92806 

Dear Jean: 

BUILDING T'2251 
BERKELEY. CAUFORNIA 94720 

,2 Nov E!J-nD e1.' 1977 

1 have received your letter of October 27, 1977, in reference to the 
Official Minutes of the Program Review }leeting, October 3, 1977. Thank you 
for sendi,ng a copy of my letter to Dr. Shaler as I request,ed. 

r have ta}:en note of your comnent to Dr: Shaler that 25 percent or my 
t i.'7ie is avai17ilile for work on this project. This is undoubtedly a useful 

·cl·arificat.ionto Item 2 of my letter .. 
C;:h 

.-' Your cOm:tents in reference to Ite,!'l1s 5 and 6 reflect a certain misunder-
standing, ~hich I feel obliged to r~~ark upon in order to set the record 
straight. 

First, there seems to be a subgestion that ! am insisting on continuing 
the development of, CAM methodology and must be overruled in consideration of 
budgetary limitations. In fact I have made no p:r.oposa1 to continue development 
of" CAM methodology as part of the BAS project b~.,)'ond the conclusion of the 
System Definition Phase. I have,., su£ses'tE;9the cOlTlbinatlcm of cE;;r'tain already
de .... eloped CAM methodology and certain gel rr;ethodology into a bloodstain 
analysis syst em. 

\) 

St-condly, ! note thst there is st:i;t.1 some con:=uslon rpgarding the 
;.a:-all el .;.??~ach. )'OU',state that my "cotinlent 1.r,at the pa::alle1 i;\pp.roach 
(on CAB) ""ould ir.::1ediately solve the three set-up proble.1:S is not: sUb~'tantiated 
by t est data". I must point out to you that the 'IoIords in parenthesis "on C,h}!" 
.are YOUJ"s, not mine. As you may rlm1ember, we demonstrated the parallel system 
to you in this laboratory. on ~, prior to the last Program Review, Meeting. 
I oescrThed this appt-oach at that Program RevSe ... • l:~E:tlng, to illustrate how Di1: 
~o\Jld .... ork to facilitate a three set-up S:y!:i1 err.u!dnr:. tr:e C:!icarose/starch gel 
r..E:tl,ocs that BecY-r..an has chosen. 1 descrSl..ed tId s 1',=-~aJ 1e1 approach for use 
with f~d in r:l'y Irlterim Repbrt , dated Sept e..":.t.t:r 3C" 1977 • Qf>,cou!'"'se. this 
r-cralJeI d?proach din also be used wi th cell ulose acet.ate'.:a;):>ut this \.:'as,~ 

'r:rj p:"'oposal. Your re .. nark that my clairD.~Js "not stWs"tantiat'ed by test dina". 
'w' !:'.:L:L:e.s'ts that so;:;e tt;:sts have been" r:,ade,'IoIlth n~eCltive re.sults.. This~ elf 

cc·'..:,. ... l: ~, is not true "'. This c:ppt'Oach \.Iou) d irj(:t:ed'.~' r.:.e:et the requu e:r::ents of the 
S'-:.c't~::~nt of "r:o:,k, and I a6 prepared to su,?port rilY clcHm ,..ith·a.' laboratory 
c!~:" ':.~t.rc:t 5 on, ud 1 i zing the starch r:el/e:£;al"Ose sel cet,hods favo:"'ed 1:>y :::~ci.::.an .. 

--
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document While portions of this 
are illegible, it was micro
filmed from the best copy 
available. It is being 
distributed because of the 
valuable information it 
cOlltains. 

National Institute of Justice 
United States Department of Justice 
Washington, D. C. 20531 
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l~r.. ..1 Ean EorceauX 
2 2 November 1977 

I am indeed well a'nare that my suggestion I01;' sequential. anaJ_ys:i.s on 
CA~ and agarose/starch gel is not in 'accordance Hith the statement of 'Work. 
no',.;ever,' I feel it my 're:,?ponsibili~ to present alternate p~p,~a1.S to Beckman 

and Aerospace. >Q. ; t;,F 
,;/ 

~-t." 

finally, rily proposals are SO:ilething 1Tlore than unsUb~;tant:i.ated opiniops. 
I must assUJlle that my participation in this projec1; ca..-ne about as a resllit of 
r.Jy r..any YEars of work in this area and" conse9.uently I my rer..arks may be 
regarded, at the very least, as "e.xpertn~ In fact, any statements or claims 
that I have made have been checked out thoroughly in the laboratory. and 
I am prepared to substantiate them.. . 

I hope I have cleared up any misunderstandings concerning the items in [/ 
:my letter to you of October 24, 1977. Please send a copy of this letter to 

Aerospace Corporation. 

Sincerely yourg, 

13. W. Grunbaul'li 
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Second }lonthly Progress Re,port - Electrophoret,:l.c Bloodstain Analysis Progr...ru!J;' 
': 

This is the second monthly progress repqrt of the Electrophoretic BloodstJin
i 

. 
G .. - i\ - ,'c., .~:: Ii 

Analysis_ Program. .'.. ~ ,if 

This report reviews the work performed dU7:ing the month of February, 19h. 

The major tasks for this period were to establish a source of blood samples 

and the procedure for the 4-week aging .~est; finalize the arrangement~; for 

Hr. Wraxall's visa;at:id continue~ptimizing ana1ytic~1 procedures for enzymes 
,-'~ ~ 

being investigated. Final arrangements 'Were made to procu.re'all of the nec-

essary hardware for the definition phase of ~he program; The highlights of 

these tasks an;~'details of o~~~ activities §upporting the prograrq are pre

sente.d in the following paragraphs. 

Canclidat~" Anal vtes 

Major emphasis of the program at this tizr,e is the optimization Qf the analyt

ical procedures for selected constituents. Last month a group of 10 con-
~ 

"."".s,t-ituents ~terereported. These ten, repeated here' for convenience - PGM~~ AK, 

ADA, EAP, Esp, Rb, Ge, G-6-PD, 6~PGD, and Hp form the nucleus of the candi-

dates thus far. They have demonstrated good resolution with f~esh bli'ood and 3 

if stable for 4 weeks, would provide discrimination b~,t",~~~r than 1 in 200. The 

4-week aging tes'ts have now been started on these constituents and preliminary 
fl. ,~ 

data 'Will be avallab1e by the .end of the comin& month. In addition, "we at'e 

continuing investigation of GSR and GPT;.c' Results of testing of these tw~ con~ 

stituents are promising,,,but the m~t:hods have not yet ~beendeveloped to the 

point where the proc;edures for them are completely s!tisfactot'y. GPT is cine 
o 'I ' 

of the more desirab1.e phenotypes but it has been reported previously that; it 

is not stable. However, we are optimistic that the technique we are developing 

.for its ana~ysis will overcome ,some of the problems tl'lat have been noted in 

earlier efforts to analyze for this constituent after it has been aged. 'Work 

is also continuing with 'carbonic anhydr.ase II and peptidase A. Worklihas ll'?t 

- '<;~" 

f.'1 
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. ,<yet progressed to the point where either of these can be judged satisfactory 

or uri1tatisfac'tory. 

The most excj.ting one of the new constituents is of course Glyo;;<yla~e. With 

a discrimination factor of abou~~35,it would enhance the overall discrim-
'.' 

ination capability greatly if it can be successfully developed~ Work has 

com:nenced with this constituent, . A prod~dure has been tried on cellulose 

acetate which appears to work but resolution is not yet satisfactory. It is 

possible that the reagents used contain impurities that a7:e causing problems. 

The work tocdetermine if this is true is laborious and time consuming. 

:Hr. Wraxall has repol:'ted success wJ.th this constituent infri~.sh blood. After 

he has joined thr'ceam and has contribute9 rus thoughts, the approach can 
: ::;;'" 

perhaps be refined so that it will be satisfactory with aged blood. 

The search for additional cOnstituents will continue for at least another two 
'" months. The probability of success in establishing an entirely ne~7 constituent 

is quite low. The field has been su~eyed now for several years. SOme groups 

have dedicated their efforts t~ this particular area and in the past year very 

little neW data has been forthcoming. We will continue to motlitor. pos~ible 

sources for the recognition of ne\y constituents and will immediately invest.

igate any coming to our attention. 

Blood Samples 

One of the major areas of concern was a sOUrce of blood samples to: support the 

program. Originally'we had thought to obtain pint samples from a localci;llood 

bank. At first it appeared that ,;this, was desi.rable and could be accomplis4:~d. 

However, the bldOd banks have been reluctant to provide samp~es in these 

volumes. Theref.0re/cwe~ave reviewed our requirements and have determined 

that the present'sample suppi~for the OOJP prograun will in fact be adequate 

for o.\lr needs. These sa1'!lples com~ in d"at1y. ~ ,dDuring the course of the day 
- <-::0 ' 

tP~ samples can 'be analy~ed and ('screened for significant variants. Samples 

which appear to'be;:of importance tQ(}u:r pr'ogram can q,e immediately identified 
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, aging.. Using the OCJP samples will and stains ma(~OnglaSS slides fO,.i4-week 

permit us to h~ e aging tests going on in .\ a continuous manner as opposed to 
batch sampling e~.e." ry 2 to 3.' h mont s as had b~en planned earll.'er. Th ese, samples 
come in small plastic tuhes and . con,~ain ACD as an addi tive. 

Storage 

Tpe 4-week aging tests will be controlled b y placing the glass slid~s in a 
cabinet which has trays that per~it the ~ slides to lie flat. The slides-can be 

4-week aging period. coded f~r positive retr.ieval .. and ea~~JY controlled for the 
The cabl.net containing the slides will b ' 1 . e Sl.mp y placed in an erlV'ironmentally'. 
controlled room where the ambient t emperature will vary only±2 to 30C. 

We hav1'clel'aY'~d ordering equipment for starch and 

concurrence by' M~: Stolorow and Mr. Wraxall could 
agarose gel separation until 

be obtained. To date the 

cellulose acetate and acrylamide gel • work has~b~~n directed towards usin 
. ' .-, g 

Sl1andoif and: Gradipore equipment for, agarose and starch gel is now on order. 

operated by both,~r. Stolorow and This equipment will be Mr. Wraxall itl com~ 
paring .. the performance of thei~ t d d s an ar techniques with that equipment against 
results obtal.ned from the Microzone units using cellulose acetate or as modi-
fied to use acrylamide, agarose or starch gels. 

Personnel 

~fr. Stolorow joined our t the f' earn e l.rst of FeCT,l,lary. During this past month, 
11r. Stolo.row was subpoenaed for three separate court cases, taking hirn away 
from our program for about 8 days. I' rt addition to this absence, he also spent 
a day at' the San Diego meeting f h Am o t e erican Academy of Forensic Sc~.ences. 
Therefore, during the m th f F b . on 0 .' e ruary a subst~m~ial amount of his time was 

lost, and ~here was a rather limited contribut:i,pn'to the. work in developin 
our analytJ.cal techniques M S 1 .... g • r. to orow has become acquainted with the use 
of the .f'IicroZoRe hardware. He ran abou't' , two hu~dred samples with it. 
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The way has been cleared for Mr. Wraxall to join us a,~ the end of February. 

He is expected to be at Berkeley ky the fir&toi March and, after allgwing a 

couple of days to lo.cate, will be I:!.'~fective in supporting our progr'arii'· 

Pro~ram~upoort Meetings 

During the month of February, three direct meetings with P,r. Ben Grunbaum and 

his team were held. Close liaison has been establi'shed aJ\dwill be maintained 
, \\ 

so that any problems that might imped'7 our progress will bi~ rapi9,,,lr identified 

and allow prompt corrective action to be'uri:dertaken~C 

Work Planned for the Coming Month 

At this time, the program is on schedule. ~ork will continue on all of the 

tasks as planned during this corning month. We will be planning for the second 

,program review \.;rhich is now scheduled to take place on March 15th. At this 

'time we do not have any significant problems to resolve. 
,.,;' 

"'"1:"': 

Cost Status, 

Technical accomplishment on the program is consistent with the expenditure of 

funds. T~e rlaquested change ~Ln m~eting location and replacement of Dr. Yoong 

with the two consultants have increased the projected total cost. It is 

anticipacted that the increase), can be offset by other economies during the life 

of the program. Please seethe Honthly Cost Report for additional detail. 
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Third Honthly Pro1!:ress Reoort - Elec"!"t;.!..Qphoretic Bloodstain Analvsis ~.rogram 

This report reviews the work performed during the ,Y'l0nth of March 197:7. 

cc- ~ The major_ tasks £ort1115 period were to conduct a Program Review Meeting and 
~" 

(: 

begin testing of aged samples. The~highlights 'of these tasks and details of 

other activities supporting the program are prl?sented 1ft the following 

paragraphs. 

Pro!!ram Review Meeting, 

On :Harc1t 15 ~ a program review meeting was held at the White Mountain Research 

Station, University of Ca1ifo,r1':ia, Berkeley. 'This was the first'; meeting at 

which all of the technical participants on the program werepr,~sent. The 

responsibilities of the' members. of the technic~!l team. were d~~cussed and the ., 
coordination of their activi.Fies e;x:p1aitt~d. Details of the/agenda are-'l!overed 

in the minutes prepared by The Aer6~pace·corporation. A cd~y of the minutes 
...,: ,'! // 

was rec~ived' fr(;im"'TheoAero~pace Corporation and reviewed ~/ Beckman does not 
,1 

have any corrections or additions to make to the minute9' except to cla:'tify that 
to' ~ 

the testing of the new mu1tizone cell is not a firm 

'Four-1~eek Aging Test 

/ , 
cOIJtmj,t;~ent • 
./ Ii ".' 

{ 
./ 

,? 
'I 

f 
f \\ 

During this month, t~sting was. irtitiated on SiPle/' of blood aged'tr ;four 

weeks. The samples as received contain up to/15%;/ACD. Drops of b~ood of 
;I • \ 

approximately 25 microliters in volume were."dep~!iited on glass m.J.Cl:l\\scope 

slides and stored in a horiz?rttal position in a,n enclosed box. 1 

The samples in this series were rece~\j'ed s~rOnt eight individuals selilcted at 

random without any genetic or other "rest-t'i-nri~ons. The dried blood Jas removed 
C) I" -1...:.) 

from the slide with a razor bladejimd reconstituted with water. Onl "cellulose 

acetate and acrylamide gel membranes on the,microzone cell were used for th~se 
1 

beginning tests. Of the 10. snAems repd'rted last month '-1hich have b en 
/1 ... / _~ 

successfully analyzed in fresii blood w~ith the microzone -c~ll, four, YJ!elded 
'l " \ 

unambiguous results after f~'rr weeks aging. One other was borderlin, and 

g 
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//~i\ 
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optimization will be l-equired. Of h . ' , . t e remainder, evidence of enzyme 
\,3S apparent but J.mproved methoo01ogy is needed 

activity 

for unambiguous interpretation. 
The four successful systems are', E ap, Hp, PGM, and AK, A fifth, ADA, could be 
read but needs w,ork as t d h no ~. T ese five yield ," d' a l.scrimination probability of 
1 in 23. _ Ho\~evejf, the .. addition of only three others, Glyoxylase, Ge, and E D 
would increase the probability to~~ J.'n s , 200. 

Work will pDoceed to develop these systems and ultimately t b' 
run on th b 0 com J.ne them to 

ree su strate pla,tes. 
I' 

System Priorities 

At the program review, three groups 

into a relative priorities based on 
of systems were preliminarily classified 

a combination of the discriminat· " 
capab·l't d h l.on 

~ ~ y an t e expected persistence of th ' .. e partJ.cular system. Ac d> 
to the references append d 11 ' cor l;ng 

.' e , a SJ.X systems of group· 1 should b 
t bl f 

e sufficiently 
s a eater four weeks aging to yield ,,:. " satisfactory analyses. 

..... 
The classification 'was meant to focus 

hi~l1est potential forsatisfact:i,onof 
atterition on the systems which have the 

program requirements. It should be 

listed are under consideratJ.'on and nothing is 
emphas~zed that all the systems 

being rejected ou.t of hand. As many systems as necessary will be included to 

of 1 in 200: 
.,') 

reach the discrimination goal 

Isoelecttic Focus~ng 

During the Program Rev4 e'" . . • w, J.t was noted that PGM would have a discrimination 

are separated using isoelectric focusing v;'. potential of 0.25 if its variants 

0.47 on cellulose acetate or starch electrophoretograms Oth 
also h . • er systems may 

ave J.mproved discrimination with this technique. Our present program 
does not include iso~lectric focusing as an area for investigation. However, 
if it should appear that significant benefits to our program might be. derived 

from this technique, per~aps some consideration should be given to how they 

future trade-off analysis. might be obtained. This may be considered in a 

'. 
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Comoarative Testing 

During the past month, a major portion of time of the Beckman consultants was 

devoted to the organization and setup of their trailer laboratory facilities •. 

As explai,~~d at th~ Program Review, it is intended that the consultants have 

equipment--cOlhP~t'able to that use r&lltinely in trE'ir own laboratories so thcp: 

direct comparisons can be employed in the selection of analytical methodologies. 

Equipment from Shandon & Gradipare was obtained for this purpose. The Gradipore 

unit was defecl:};ve in several areas, ana' after a considerable struggle to debug 

it, it has finally been return~d to the manufacturer .. A l'harmacia unit, '07hich 

is s~mi1ar in acrylamide gel capability, has been borrowed and is in use. 

Hany minor but time-cop.suming details of getting the over~ll operation into 

smooth working order have now. been accomplished. Runs have been made on starch 

gel for PGH,EsD, EAP, and Glo-l on whole fresh blood. They are now working 

satisfactq,rily. Haptoglobin is still not showing the sensitivity here that is 

routinely obtained by our cons.ul tants in their own la,boratories. It appears to 

be a staining problem as opposed to separation. Variations in chemicals used 

for the staining so.1utiOn are being investigated as a possible source of the 

problem. 

Equipment has been ordered from Shandon to run Gc as a two-dimensional separa

tion on agarose gel. It is now expected that all six systems of group 1 wil.l 

be optimized for comparative testing about the 1st of Hay althou'g.r methodologies 

for glyoxylase, EsD, and Gc on cellulose acetate require improvem~nt. 

Nanophore Status 

The defective cooling plate has been reworked and received at the laboratory. 

It looks satisfactery and will permit runs to bE; made with gel plates requiring 

cooling. Results thus£ar with cellulose acetate for PGM, EAP, AK, and ether 

routinely-bested systems appear as goed er better than those using the Microzone. 
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Work Pla~ned for April 
yo. 

Najor emphasis \-1i11 be placed 0J,1 optirHzing the methodologies for. analyses of 

aged samples. AQnew batch of four-week old samples will be available each week. 

This will p;~t"rr,it a rapid iteratiGn during optimization of technif4ues • The 

Nanophore uriHwill be operated with starch and. acrylamide gels in addition to, 

testing v.'ith ,fellurbse acetate. AlSO', cellogel has been ordered and will be 

tested as part of tb!:!'~substrate selection precess. 

Cost Status 

Technical accomplishment is c~nsistent with expenditures. Please see the 

Honthly Cost Report for financial details. 
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Citations of Literature Regarding the Ag~ of Bloods~ains 
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"E-A.P. in Bloodstains" Hraxall & Emes, J.ijFor,ensic ~ci. Soc. 

(1976.) 16, 127-132. Page 130. "Discussti'i:n
ll
.' 

"The Detefm1.nation ofotl'GM Types in. Bloodstains" Culliford. 

J. Forensic Sci.,Soc. (1967) 7.3.l3~-3.P. 131. 

"Typing the Common PGM V,ariants ll,sing IEF" Bank eta1. 

J. Forensic Sci. Soc. (1976) 16, 115-20. P. 116. 

Results & Discussion. 

"HP Types in Dried Bloodstains \I Culliford & ,Wraxall. 

Native (1966). 211, 5051, P. 872-3. 

"GC Types in Bloodstains ll Wraxa1;l... Vllth International 

Meeting of Forensic Science, Zurir.,:-h':'-i'976. 
,II -

Typing, of EsD in Htlm?,-n Bloodstains 

Parkin and Adams, l>1edicine, Science, and Law 1975 Vol. 15, 

No.2, P. 102-105. 

G1 ... 0I in Bloods tains, Emes & Parkin. To be published 

personal communication. 

. "4-6 week old stains successfully typed ll
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Fourth Honthb" ~rogress Report -Electrophoretic Bloodstain Analvsis Program 

This report revie\\'s the work performed durin.g the month of April 1977.: 2The 

major tasks for this period were to continue optimizr.n_g t~e methodologies 
~::..:.:..... --, 

for s,e.lected systems psing variot1,R substrates and elect1':;:-Ophoresis ,cells. 
c ~~1 • 

During this period, work was begun in evaluating aged stains on cloth and 

pethods of extracting the bloodstains from cloth. 

System Ootimization 

Working with fresh blood, 11 different systems had been optimized with various 

supporting media and using different cells.orhe status of this work is shown 

in TABLE I, fresh blood results. The difficulty which was experienced last 

month with haptoglobins using the gradipore unit'was overcome and satisfactory 

results are now being obtained. Satisfactory results have been obtained with 

glyoxylase on starch gel with the Shandon cell. Additional work is being done 
-

for spec~fic systems on various supporti'ng media. For _example, PGM is now 

being .e.valuated with starch .gel on the nanophore unit. Glyoxylase i~:'?ii6fCbeing,~

worked on the-m~crozone with cellulose acetate. We' are also contJnu±ng york 
(~'L.r' . .;, '_. '.- ',. 

to improve the results for GPT and GSa on cellulose aceta'te. At tqg:;stime, 

the three main supporting media are c~llulose aG.etate) starch, ~p.ri~~it'-Y:(.amid~. 
• 'rl < " ;.. , - '';:::-'':;,.'.~ -",~, ,: '> ' 

Work is also being done withag~1='ose al1d cellogef. 3UtimateIY'l?~e;,y},i;>u"id";nope 
, . " . " :-,:.- -... ':. -~ -~'; '.'~ -.. .,,- =-"! ~ 

t.o reduce the suppoi-ting f:ledia to onect" two ~ types~ The I?robabiiiey of di$:":;, 

crimination based on the results of the available systemsj.n fresh blood is" 
.i -:. -

1 in 245. The major effort remaining for systems in fresh blood is GPT. With 

its discrimination index of .38, it would be capable of boosting the prob-
:::"-~ . 

ability from 1 in 245 to almost lin 650. This would of course provide a 

g!'eatly enhanced flexi'bility for combining syste111S for aged blood to achieve 

a good discrimination probability with a smaller number of systexri~ iii:id would 

be more practical to use in the crime laboratory • 

~ ,four-Week :A~!ing Tests 

In addition to stains on glass 

from cloth were a1s'O analyzed. 

.r?-
(:-

slides, duri~g this tT\on~~ four-week-old stains 

The majority of the sampl~~';i~re still from 
(,' ; 

~ l~ 
...."..., 

blood from the OCJP program which contains ACD. However, fresh whole blood 

from individual donors has also been deposited on both slides and cloth and 

is being analyzed. The effect of the presence of ACD is being evaluated. 

The results are not ye.t complete, but so far indications are that ACD may act 
_1t'-\ 

as an interferent in some cases wMle actually aiding the analysis in others. 

In any event it does not appear to be critical as far as the validity of our 

resul~!; are concerned. A summary of the work done so far on four-week old 

bloodstains from cloth is shown in TABLE II. The table shows that we have 

been success ful in analy zing for nine different systems. To do this we have . ., 

used three different supporting media and three different cells as a minimum. 

At this time six syste~s on one supporting media and one cell can be accom

plished. With the nine systems J the probability of discrimination is 1 in 205. 

Although the major problem still lies ahead in combining the systems so that 

only three supporting media need be used to accomplish the I to 200 discrim-
) --l 

ination, at least it shows that at this time this discrimination probability 

is still~possible to achieve. 
-', 

Electrophoretograms from both the fresh and aged staining tests are being pre

pared for presentation at the next program review meeting. The next\~eeting 

is now scheduled for May l~th, at the White Mountain Research Station, 'University 

of California, Berkeley. 

Hard\vare Status 

Host of the work reported this month was done using themicrozone and shandon 

cells. Hork has started with both the nanophore and Beckman rnultizone cells. 

, Although testing has been done with gradipore, pharmaciaand 'Ilisijar cells, 

no further work With these units is planned at this time. 

The ~~nophore units which are being used are considered prototypes. Several 

'riilnor revisions should \pe made to them to assure consistent performance. 
" 

While these changes are desi,):"able, it lis not mandatory that theY);:\$ made at 
-, I ,.- ,: 

this time. It is expected that£'Ut:..t.h€;,r work will be done to evaluate the 
~::;:7'11 

nanophore cell befof,e,rny changes art:;"adeo 

"1/ . 

() 

l" pi !-2-
"it,l/ 

/1 ",-" "" 1/ 
-'ir- '~ , .c-"~,,, '.,,'1 
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Work Planned for May 

It is expected that during _~h~~ month' work will be completed in optilU1zing the 

methodologies for the selected isoenzynlesi The optimization of the method

ologies will still involve fresh blood. The effort on aged blood samples 

will continue with stains from both glass and cotton cloth. \:1e will continue 

to investigate methods to obtain~the wimum extraction of stains from cloth. 

As a parallel, effort to optimizing theanaiyti~c~r=~th;d"ologies for individual 
--"";O=~~ 

systems, we will now J?_~g:i"n,J:D consider the combination of analyses to reduce 
~."~, -~-. -

the number of substrates and, cells required. 

Cost Status 

Technical accomplishment is consistent with expenditures. Please see the 

Honthly Cost Report for financial details. 
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TaLle 1. Fresh Blood Re.sults 

CAH Starch Acrylninide Agarose Othet;..... 
D.1. System Hicrozone Nanophorc GShnnclon 1'1t!noph~ Gradipore ~1icrozone Nanophore Shandon l'ticrozone Nanophorc Ccllogel 

0.41 PGH C 

0.35 EAP C 

.0.69 ESD C, 

0.38 CLO IP 

0.39 IIp 

0.45 Gc 
:~ 

_. C 
( 

0.82 AK c ,. 
0.82 ADA C 

0.91 PCD C 

0.38 GPT IP 

"'0.95 HI), C 

"'0.92 G6PD C 

"'0.93 GSR IP 

C r:s Complete . 
• IP • In"Progress 

X .. "Excluded 

C 

C 

C 

c 
c 

c 
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Fifth Nonthly Progress Report - Electrophoretic Bloodstain Analysis Program 

This report reviews the work performed during the month of May 1977. The 

program is continuing in accordance with the established schedule. A program 

review m;eting was held on May 4tW..iat Berkeley. The laboratory work has con

tinued on th~ optimization of ' methodologies and evaluation of alternate sub

strate materials. We began blind trials and work on multiple analyses on a 

single sllbstrate. 

~Lstem Optimization 

the major effort in s~stem optimization has been to refine resolution to obtain 

unambiguous readouts with aged stains on cloth. Operating parameters such as 

{:~~ vo Hage, pH, buffer composition and ~concentration, and time have been varied in 

seriesexperiinents. It is obviously time-consuming to conduct a large number 

of experiments necessary to explore the effects of all the. variables. 

Most of~the development work remaining to be done on single systems is with 

glyoxylase 1, Gc, GPT, andGSR on cellulose acetate. Glyoxylase 1 has not 

reached an acceptable level of resolution with C~ for fresh blood as yet. Gc 

is still somewhat erratic with stains on cloth. !Be methodology for Ce. will 

be re.tined with repeated testing' of the large"p,umber of samples. Work with 

GPT is also continuing but on a low level of effort. Analysis,of GPT on aged 
}, 

stains is beyond the state-of-the-art. 
",:~:?,::.' 

analysis and have not been successful. 
. .-;; ~.,~:::?,-, 

Many inve~tigators have. attempte.d this 
, '-~,,~" 

However, it .. is the intent of this 

program to advance the state-bf-the-art. The pot.ential increase in probability 
" 
of discrimination fromGPT is so great that we feel ~ll ideas for its detection 

must be considered. 

Ot;lly' a low level of effort is being applied to GSR. It liAS a poor discrimina

tion index in the' general population but' could have considerable utility in 

actual application. As it appears likely that it can be d,etected in aged 

stains, we have continued to work with it. 
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We.expect to have our system defined by the end of June. That is, methodol

(~ ogies for all the'selected i,soenzymes would be completed. The next phase of 

eff.ort in system development w~)Uld then begin. 

""'.'.If-

substrates 

Starch and cellulose acetate continue to be the most versatile substrates. us.ed. 

Acrylamide still seems to be indispensible to analyze for haptoglobins. Other 

s\lbstrates such as ce llogel, agarose, silica gel, and a combination of agarose 

and acrylamide have been tested. Cellulose acetate membranes with variations 

in pore size have also been used. l.n SOIl\e cases a specific advantage may be 

present but this is gene~allyoutweighed by other factors. For example, cellogel 

can hold more sample than cellulose acetate and might be more suited for low 

concentrations of certain i~oenzymes such as GPT. But, as the membra~~:is thicker, 

it is more difficult to read and photograph with transmitted light. 

It does not~appear likely that a unique substrate will emerge that will ~ccom

modate all' isoenzymes. We do hope that net more, than. t~o types of substrate will 

be necessary. ~gain, this problem should be resolved by the end of June. 

. \.~:.. ~ 
• I~ .1 

Attempts t'o ana\yze for Gc on starch gel have not been successful. We have been 
';,~1() '\~, 

able to detect Gc with both cellulose acetate ane cagarose$el. We are now try-
I.' " 

ing to detect Gc on acrylamide. As acrylamide is only used for haptoglobins at 

this time, it is most desirable that at least one other component be detectable 

with it. 

Cloth Stains 
,. 

In comparing the detectability of aged stains on glass and cloth, our results 

sO'far indicate that they are about equal for the isoenzymes analyzed. The ease 

of obta:ining samples for application to either starch gel or cellulose acetate is 

not significantly different. The volume of sample allowed seems to be ample for 

"all systems which have been optimized. 

,.,:::' 
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Cornmon Buffer 

l:t: All individual systems have been optimized w.ith a specific pH and(~buffer com

position. In order to make multiple analyses on a single electrophpretic cell, 

a comlnonbuffer must be used. Some work has been done fin mult iple\~ystems on 

both starch-and CAN. SO'far testing~3as been with fresh blood only. Favorable 

resul ts, that is showing feasibility, have been ob.tained with PGM, EsD, and GLOI 

on starch. With CAM, four systems have been run. They are: Rb, AK, ADA, and 

6PGD. It will be the primary effort of the next phase to finalize combinations 

so all selected enzymes can be analyzed on not more than three substrates and 

three cells. 

Blind Trials 

A series of tests are planned where coded aged samples will be analyzed with 

different substrates to determine which method provides the better analysis. 

Each phenotype will be read by a panel of four people and their individual 

readings co~pa:.ed with those from the original fresh blood. So far one trial has 

been made ,~ith EsD on starch and CAM. Equally good results were obtained with 

both substrates on the four-week. old sta 4 ns. I thO . 1 ~ n ~s part~cu ar test, an erron-

eous reading was obtained on fresh blood with cellulose acetate. The re~sons 

for this have not been determined at this time. 

A test with PGM was started but problems were d encountere with both techniques. 

Troubleshooting the procedures indicated that one of the chemicals was suspect. 

The vendor ..... ·as cor;tacted to obtain a new lot. It is expected that all blind 

trials will be completed in June. 

'Hard\o."are Status 

It is expected,that most of the work from now on will be conducted using the 

Beck~an multizone cell which is a variation 'of the Shandon cell, and the nanophor~ 

ce 11. J 

One of the nanophore cells has been recalled by NASA so only 6ne cell remains 

for OUt" use. 

-3-
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"':::/In .order to conduct the volume of tests necessary, we will continue 1:0 utilize 
:",~ 

~~'t-he" standard micro zone and Shandon cells for this work. Final selection of the 

particular cell and ~odifications to it will evolve during the next phase of 

syste~ develop~ent. 

'~ork Planned for June 

l y 

This coming month is one of the most significant ones in that data will become 

available to permit us to make several important decisions. The final selection 

of the specific isoenzymes that will be used for our total system, the optimum 

substrates and pptential combinations should all be defined during this month. 

The,se selections and decisions will set the direction for the development of our 

system in the coming months. 

Cost Status 

Technical accomplishment is consistent with expenditures. Please see the 

l-ionthly CC;st"Report for financial details. 
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Sixth Honthlv Prol!ress Report .. Elec'trophore,tic Bloodstain Analysis Pro~ram 
~ b r ' ," ' 
This report reviews the work performed dur:ii: g the mcmth Qf June 1977. The 

pro~~r'am is continuing in accordance \vith the planned schedule. A program 

revietv meeting was held on June 21st at Berkeley. Dr. Grunbaum was <on a trip 

out of the country this month at ~e invitation of the National Academy of 

Sciences and therefore unable to attend this meeting. 

The Dain effort this month was in continuing system optimization and con

ducting blind trials to compare different techniques for the system analyses. 

A significant amount of time was spent troubleshooting the proced~re for PGM. 

Established procedures which had worked previously for both starch gels and 

cellulose acetate membranes were followed in preparation for conducting a 

• blind trial. However, neither method is yielding readable phenotypes. This 
!I 

P
roblem area and details of other 'Work are discussed in th~1 following sections. ,I 

Svste~ Ontinization 
~<" . 

.At the program revie'" meeting, we listed 17 discriminators ,~hich had been con-

sidered for analyses for the four-week old stains. Out of these we have 

-selecte.d eight for our ultimate system. At this time only two are still under-

going development work. 

One of these two is glyoxy1ase L A major effort 'Was devoted to it. 'With ;~!J,th 
starch gel and CAH. "''hile the separation of GtO 1 i§ satisfactory on starch, 

the starch iodide detection method is very technique sensitive. A direct 

staining method has been sought but nothing as good as the iodide has been 

found yet. A two-step method using DCIP (dicbloro indoph~nol) in an agarose 

overlay is promising but not yet reliable. 

About 150 runs were made to find a way_:'.td separate GLD 1 on c..4.M. After 

screening buffer and pH combinations and suctessivaly selecting those that 

« appeared to be optimum, the results are still not acceptable~ A decision 'Will 
o 

he made shortly whether to continue this task or not. 

-1-
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The other discriminator wh~ch has received considet'ab~e attention has been Gc.' 

It is being ,~orked on. aga~ose ~~th anfig~n antibody crossed-electrophoresis, on 

acrylamide to try to cO.I1lbine'it ~.;rith haptog1obins, and on CAM. With fresh 

blood, Gc has been res.o1ved quite satisfactorily on CAM. However, somewhat 

inconsi-stent patterns' are obtain~~ with aged sta,ins. The biggest problem 

seems to be with sample deterioratiqn a:ud it is difficult to get enough 'Gc 

deposited on the membrane~ A chloroform wash is necessary to get a clean ' 

separation but thisafso tends to cause some,loss of sample. 'Therefore, the 

work has been directed towards be.tter sample extraction and concentratir.m. 
// 

Also, a ('ue,\ol staiI'l;ing technique to provide a better contrast is being worked on. 

Go has also been run on agaroseusing crossed~electrophoresis. The results of 

this method are good. However, this method is much more laborious than that 

Q 'With cAM. Since both use the same biochemistry and therefore inherently the 

same sensitJ.·v·J.' ty, J.'t· a--.l",.'a
l lo'n. ~i appears to be a matter of how much sample can be 

deposited on the membr}ne.' 
"I 

,> Other systems in which development work had been done during the month and 
.~~ 

'vhi~? have n~\Y been ,dropped are GPT and GSR. With GPT many trials 'With both 

stardh and CAH have failed tt;> produce an acceptable procedure. Our experience 

has been similar to that reported in the literature. GPT is present in the 

blood in small ~ucmtities and undergoes rapid deterioration i~ stains. The 

degradation products obscure wha; little i~PT is present so th~t satisfactory 

resolution cannot be obtained. Vet;y little t:l.me has been spent on GSR. It 

has been decided to discontinue work on it as it contributes :;lUSh a small 

amount to the discrimination factor in the general population. 

Substrates 
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activity of these syste.rns is inhibited by polymerization products in the 

acrylamide. Only a ..... ·eak response was foupd with EsD. 

'~ith homogeneous acry1amide, theZIesults were not substantially better. Of 

the systems listed, only Gc ~ppears to have some promise. With a 10% gel, Gc 

tends to separate rapidly and go off the end of the plate. With a 5 to' 25% 

gradient, Gc packs into narrow bands. Pcerhaps some\ ... here in the 10 to 14'70 

range, separation of both haptoglobins and Gc can be obtained. 

Agarose has been use~ _Stl££~t;ssfully for Gc as mentioned above. With other 
-discriminators, it does not seem to give as good results a~ either starch or 

CAM. There seems to be sooe inhibition of the enzymatic activity. Whether 

'this is due to using rehydratable membranes that may have some aging problems 

has not been determined. It does not appear likely th~t agarose would be a 

substrate of choice for any ()f the systems under consideration • .. 

El,ind Trials 

The results of blind trials on EsD and EAP were presented at the program re

viewineeting. These t-ests ¥Jere based on cloth stains with the smallest 

s2r.l.ple volumes estimated to be 1 microliter or less." The results shoHed an 

incidence of reading error t;3f the phenotypes about equal for either star~h 
gel or CM! with EsD but with EAP, significantly less error was obtai1)ed with 

starch. These trials were the first conducted. They were found to be quite 

a bit oor~ tine~consuming than expected. It had been planned to continue 

blind trials with .PGH and GLO 1. However, the problem with pm! delayed its 

trial and only one mthod is still available for GLO 1. 

The raajor purpose of the 'blind trials is to aid in the selection of the best 

substrate for each specific system. This should help ix;+ grouping the various 

isoenz:ymes for multiple analyses. The blind trials would a.lso help in showing 

the incidence of errors in reading phenotypes by a group .of peop,le. The blind 

trial results .are not the basis for a final decision as to how an phenotype" 

the 'completed trials will be maf;' e .~: will be determined. A tradeoff analysis of 
t 
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c' 

:::-~-""C-. _--'._ --

-3-

, 

......;..1<'.' 

} 
<J 

1',- :] 
j 

I 
i 
j 
I 
1 

J. 
I 

! 
I 

f 

I 
1 

I ~ 

I 
i 
I , 
1 , 
I® 
1 

1 
I 
I 

I {~ 
1 !...~".f 

and this will set the direction for the d 1 eve opment of procedures for simul-

tane9us analyses. It may be that compromises \.,i11 be made .,h ere ""1 it is neces-
sary to analyze for cOone system on a substrate which did not show up best on 
the blind trials. Th .... is , ... ill all be done in consonance w';th the " ... objective of 
providing una.t:\biguous discriminJlWon with the s,;"'plest 

..... .11 sys tem. 

Hard,yare Sta.tus 

I i v.' as de t erI:lined th -. , at there are not really two independent Nanophor • t 
h ':~' ,.', e s) s ems. 

Rat er, there are'·two cells with common su.pporting equipment. However, the 

hard\,'are has been recaiv. e. d back in the laboratory _ and is now available to 

support our tests. AlthoughcE;rta:i,.ll desirable changes have been identified 

\.,hich night make it e . f as~er or an ine~:perienced person to get the best re-

sults with the Nanophore prototype, it is believed that the existing hardware 

can be'tested as is and yield valid results. 

-r () 

l\'11ile we have the usual problems Which are incident to any development effort 

we have an additional one which has consumed so much t';"'e h . ' ~" t at 2t should be 
specifically pointed out asB. problem area. Th is is with the troubleshootino 

of the PGH procequre. For approxiI:lately six weeks, work has been.going on t: 

obtain satisfactory results with the PGH proc-~dures on both starch and cellulose 

acetate. Historically, problems . h w~t PGM have bee-!ll 'traced to the. inactivity or 

to a decrease of act,ivity in the G6PD. In this case the source for the G6PD 

't>]as contacted. '. This is Sigma Chemicals and an assay on the lot we use was 

reque~ted. The assay indicated the activity to be normal. Ho\\'ever, fresh 

rnatE:r~al ,,:as received and tested At f' t' t ." ~rs ~ appeared that that was indeed 

'J the trouble as -S:ati-'Sfactory results were. obtained. Ho\,'ever, immediately 'on 

'-' r·_.~_J}_~7._sting again a lack of activitv sho\ved up. 0 h . ~ t er sOUrces of G6PD were also 
~~ntacted and samples obtained and trials made. Again, results havefbeen 
variable. The storage containers for the h . -- ;.1 c em~cals have been exa~dned, the 
distilled water that was d use wa~ cheeked; nothing has been identified as being 

.a positive source of the .... bl Th p .. o em. is has been most disconcerting in that it 

has taken a considerable amount of 1 b a oratory personnel's time and has caused 

PR-2700-6 -4-
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a significant interference in conducting our blind trials. Generally this type 

of probleo yields itself to a methodical at.tack on an;~ipg:redient basis to 

determine the source of the p1;'oblem and once it's found it can be corrected. 

In this case, the variable results have continued to obscuq~ the basic cause 

of the difficulty. 

i':orkPla!".ned for Julv 

The r.~jor effort will be in finishing the development work on GLO 1 and Gc and 

completing the blind trials. The troubleshooting on PGM hopefully will be over 

shortly. '\hile the blind trials for the other systems can proceed, it is 

planned to run them all as close together as possible on the same stain. 

Therefore,i:.t is desirable to get PGH \vorking as soon as possible. 
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Seventh Monthly Progress Report - Electrophoretic Bloodstain Analysis Pr02ram 
\\ 

This report \eviews the work performed during tbe month of July 1977. The 

program is cdntinuing in accordance ~o1ith the pla'n~ed schedule. The main effort 
i '\ 

this month was\ directed toward co}?pleting the blina, trials. We also ,solved the 
- \, It.~ ~ .. 

activity problem on PGH and EsD so that the blind trials on these constituents 
';. 

coulp be completed. We also continued optimizing the methodologies for the 

other constituents. 'l'h~ details of the work. performed are discussed in the 

foll01ving sections. 

System Optimization 

The develOpment of the me.thodologies for the selected constituent.s has reached 

-levels where ,ve feel we have reliable and repeatable procedures for them. This 

means the capability of identifying the constituents in four:':week old blood 

stains necessary to provide a discrimination probability of 1 in 200 has been 

achieved. We are of course still looking at the constituents on an individual 

basis and we do not wish to imply that there is still not room for improvement 

in several of them. 

Although not strictly develop~ent work~ the problem of the activity of PGM 

required a considerable amount of time and we are haf>PY to report that ~e are 

now obtaining consistently good results with ~GM. The investigation of this 

problem reveals that the activity level of G6FD as received from the vendor 

can vary considerably. Further, on reconstituting the enzyme, its rate of 

deterioration can also yary. It was(,fgund that it 'is 'Qlfrcessary to use freshly 
/"-:.'--: 

reconstituted solution to assure that satisfactory analyses ,,1111 be made. 

i,'ben the activity' of the G6PD i~_., correct, then prepared substrate plates can 

be stored': sEor several weeks. Thissimpl Hies the procedure for cellulose._ 
.H c.',":; 

aceta~e. It was found that with EsD on cellulose acetate, improved results 

were obtained-when using a PGM buffer at a higher concentration than that 

which had been used in the initl.,,(i.l. blind trials. The buffer concent::r.ation" 
.c, L) 

,"as changed from a 1 to 20 dilution tp a 1 to 7 dilution of ene tank buffer. 
" 

This tended to reduce 'the spreading 6't,>the bands and provided better 

resolution. 

/.' 
1{ 

1 
1 PR,-2700-7 f 

( 

o 

() 

f .... -- ,_~ ___ t_'~~""~ ..... _~-~~._.-= .. -. 

i! 
Ii 
Ii 
il 
Ii 
i' 

The e>:traction technique for preparing solutions fori! Gc samples was revised and 
• ii 

satisfactory separations have now been achieved on ci~llulose acetate. It was 
d 

found that it ,.:as desirable to obtain the maximlDll cOlfcentration possible of the 

sar;lple.
o 
solution. This permi~s ~~ adequate amount Of:! Gc to be deposited on th,e 

r::eobrane with fe,ver sar:1ple appli~at,ions. Cellulose !~cetate still appears to be 

the most practical substrate for Gc,. The success of'! the analysis: ,is still de

pendent on \\'hether the Gc has deteriorated beyond thj~ point of recognition or 

not. ~ork is still proceeding on analyzing for Gc uting the antigen-antibody 

crossed electrophoresis technique. This is being do.e:both on agarose and 

h 1 1/, • b °d cellulose acetate substrates. So far t e resu ts arIa f:mcourag~ng ut consl. -

erable clI:lOUt:t of de~elopment \o1ork remains before thi!~ telchnique would be satis-(; 

" 0 °d . blll . ~ h .. k'll factory. Thl.\ agarose substrate requlres conSl era 1\ more '<;ec nlCl.an s ~ 

than cel1ulos~ acetate. This work is primarily ofsilgnificance for our simul-
\, II 

taneous analYs~s 'vhere we would hope that both Gc and\ haptoglobinsg>4,ght be 

combined on a slingle substrate. We have found that ii~pr6ved results for 

haptoglobin onacrylamide can be achieved uS,ing chlord:\form to clean up the 

sar:tple. 

~ t ',,) 

Substrates ...... _...... , 

\1 

\\ 

II 
il 

II C -; Ii 

We are' still working primarily with starch, cellulose i~cetate, and acrylamide. 

Work is continuing wtth agarose. At this time we need Ii the three first sub-
I, . 

st:):,ates. However,' if we develop the crossed electroPhereSiS technique for Gc 

and haptog1obins (bn either agarose or cellulose acetatle then we wo~ld be able 

to eliminate acrylamide. From, a toxicity standPoi~t +is "OU~d •• be de~irable. 
It ".'Qu1d also be desirable in that the procedure Wl.~r IrCrYlaml.de requl.Tes a 

lengthy electrophoresis time. Our efforts to expand tile capabilities of acl';'Y~ 

lar;;ide for constituents other than haptoglobins have njrt shown any great pro

mise. He have tried other means of pOlymerizat:on and \ha;e gotten ~mproved 
activity. 1 "~ecus,~d dimethyl arnino propyl l1itri~~ inste1d of TEHED w~th a.rrt:n.:)

ilium persu11~t~~; For our molii-.yste", analyses, it .is obviously desirabie 

to either incre.tlse the acrylaroide capability or eliminate it completely. In 
~-~ 

acryiarnide polYiJE:ri~Jd with riboflavin, ~,.,hich has no en y:nat~.c toxicity, is 

another available altel'native. This may be explored: in the future. 

r) ._-- -'.-~~-

----
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Blind Trials 

Each time a blood stain is analyzed, we are in essence conducting a blind trial. 

HO~lever, in our efforts to assure that each system has reachE~d a satisfactory 

level of develolPment and where it is possible that a choice ~)f.0 substrates might'cci:: - ~ 

be ava:i.lable, a formal blind tria'Phas been ma-d.e. Th~ first ofi'-these trials 

t.;ere conducted :in June and the results presented attour' June program review 

meeting. Using the criteria that 90% of the s.tains must be identified cor

rectly, none of the ,results of the first blind trials were satisfactory. It 

was therefore decided to repeat the trials that were conducted in June and 

also to conduct one on PGM which at. that earlier time was causing considerable 
\ 

difficulty·~ In making the sample analyses, four-week old st~Lins were used. 

On each plate along with the aged samples, 3-whole blood standard were also 

run. It was ag:reed that if the variants of the standard sample were not read

able then the run was considered to be void in that normal results were not 

being obtained and that something had gone wrong with the analysis. Detailed 

information on the blind trials is provided in TABLE 1. The panel of readers 

varied "·from fOJj,r to six people. One of the ground rules was that an attempt 

would be made to call each variant. If the reader had a doubt about a spe"" 

cific variant, he wouI'd call it and a question mark V.'as added. In an actual 

crime lab, of c:ourse, therewould haVe been no reading taken of a doubtful 
,.';) 

variant. The 1:es.u1ts reported here cover PGH, EsD, and EAP, where a possible 

'choice of "subs~:rates was available. It can be seen from the table that on 

all of these substrates the variants of all three constituents ~"ere ident

ified with a hj.gh degree of accuracy. The blood stains used for the samples 

for the blind 1:ria1s were all iour ''leeks old or older. They genel:ally in

c1uded.,£our to; five sampl~s of v.1ho1e blood plus samples from th~e OCJP program 

containing ACD. Total nUr.\ber of stains was 15 to 16. On starchtf:he;e was a 
" (;:1 

total of 176 rl~adings made:; Out of these none \yere called inc!orrectly and 

only one was \,q~lestioned.bn :ce11u1o~;~'acetate, there vas a total of 264 
, Ii 

readings. OQt" of these there was a total of 4 called incorrectly and a total 

of 8 questioned. 'The 4 j_,ncorr~ct calls made on cellulose acetate were all by 

fhe same readejt. Seve.n of the 8 questio,Qed calls Were also made by the same 

reader. ,_c·'~ '., 
l;:'" 
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Table 1. Blind Trials 

Systems Tested: EAP: ESD: 

Number of Trials Each System: 

EAP 
ESD 
PGM 

System EAP 

1. Age of Stains 
2. Number of Stains 
3. NQmber of Readers 
4. Total NUr.\ber of Readings 
5. Number Correct 
6. NQr.\ber Incor~ect* 
7. Number Questioned 
8. Variants Present 

~';-One Reader 

.;,. S,Ystem ESD 

~ 1. Age of Stains 
2. Number of Stains 
3. Number of Readers 
4. Total Number of Readings 
5. Number Correct 
6. Number Incorrect 
7. ~I Number Questioned 
8. Variants Presen~ 

§vstem PGH 

1. Age of Stains 
2. Number of Stains 
3. NUr.\ber of Readers 
4. Total Number of Readings 
5. Number Correct 
6. ~umber Incorrect 
7 . }~umber Ques t ioned 
8. Variants Present 

Ii 
II 
I. 
-, 

il 
II 

II 

"'4-

PGM: 

Starch Gel. 

2 
2 
1 

4 l-lks. 
15 

4 
64 
64 
o 
o 
2 

4 Wks. 
16 
3 

48 
48 
o 
o 
2 

4 Wks. 
16 
4 

94 
64 
o 
1 
3 

~ 

2 
3 
1 

4 Wks. 
31 
4 

109 
106 

3 
3 
2 

4 Wks. 
15 

5 
75 
75 
o 
2 
2 

4 Wks. 
15 

6 
80 
79 

1 
5 
2 

= 
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It was intended to use the Nanophore cell to run blind trials with cellulose 

acetate membranes. However, the sample applicator used with the Nanophore 

needs to' b~ revised in" order to ai'gly the sample in a, controlled manner where 

more than ~ne application must be made. At present:. the tips are not held 
. .. 

sufficiently rigidly so that exact placement can be duplicated. Some trial 

runs were also made using starch gel on Nanophore. The starch gel requires 

a cooling plate. Presently the cooling plate for the Nanophore cell is an 

all-plasti~ unit. Further ~he gel plate was also made of.plastic. It was 

found that there was an inadequa:t~ cooling capability with this arrangement. 

The plastic cooling plate wasDrevised so that one surface was converted to 

aluminum so that improved cooling could be. imparted to the plate holding the 

gel. This new cooling assembly has not b.ilicen tested at this time. 

In using the microzone cells, it has been noted that there is an apparent 

current ieakage across the partition which divides the cell. This leakage 
"!' 

tends to shunt the substrate and cauies a chang~ in the current flow during 

electrophoresis. This current leakage causes a degradation in the resolution 

of the cellulose acetate ulembrane. This problem can be partially overcome by 

applying silicone grease to the top of the barrier. The microzone cells will 

have to be reworked to correct this problem so that the best performance can 

be obtained. The cells are being returned to the manufacturer for corrective 

action. 

The net\' Beckman rnultizone cell is expected to be available in the month of 

August. It is hoped that several units will be available for use on this 

program. So far the Nanophore and multizone cells appear to be the ones 

designed to most conveniently accommodate a variety of substrates. 

Results of System Definition Phase 

It was the intent of this phase of our effort to select blood constituents 

which ,"ould give a probability of discrimiI1ation of at least I in 200, establish 

a methodology for identifying these consti tuents, and selecting the appro,priate 
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substrates to be used. As a result of our efforts we have decided on eight 

constituents which the bIrnd trials have demonstrated that we ca~ identify 

accurately and \o,'hich do provide the 1 in 200 discrimination capability. The 

results (TableZ) s'hO\ ... s these constituents and the substrates which might be 

used for- their analys es. In sOCle~).nstances our test results show that there 

is only one substrate which can be success~ully used. In others it appears 

that we have a choice. Obviq~sly the more options we have the more likely we 

are to be successful in performing simultaneous analyses with only three 
set-ups. 

Rork Planned for Aue-ust 

During this month work will commence on simultaneous analyses. Some work·h<!s 

been done with whole blood to check out some of the more obvious possible 

combinations. Work will continue to verify our capability on combinations 

using whole blood. For those combinations which appear to be workable with 

~hole blood,. we will then-progress to using aged stains. -We do not ~xpect to 

do any -further development work on individual constituents. 

Table 2 •. Results of System Definition Constit~ents and Substrate Selection 

Eauivalent Starch Gel CAM Acrvlami4& 

PGM GLO-I Gc Hp 
EsD EAP 

AK ADA 

PR-2700-7 -6-
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~ ~'·::.\:';;th :'lont~}y Progress Report - Electrophoreti~)Bloodstain Analysis Program 

:his report ;~vie,·~s the work perfo.:-med during<1; the month of August 1977.. The 

rr,Js·:::-a:-n is continuing in accor'dance with the planned schedule. During this 

"'oi1"'-thT the sy{$,f,em definition phase of the program was· concluded. At a program .•• -';:r,· ,d.' c=:. 

review mee-ting on August" 9th, the '~k done during this phase was reviewed and 

our conclusions presented. The re~ainder of the month was devoted to work on 

v~rious groups of constituents for system development. 

. As the program revie~ ",vas documented "'ith a hand-ou.t .and covered by minutes from 

the Aerospace Corporation, a detailed di$cussion of it does not seem necessary 

at this time. 

Svstem Development 

A plan for the work to be done during system development was organized. The 

plan consists of thr.e parts; listing of the major tasks involved, a logic net

work shO'l"ing the sequence at events to be followed in developing individual 

group an~lyses, and a ~~tailed work sheet sho~ing tasks assigned and schedules. 

These tasks and the'logic netivork were presented to Aerospace by a copy of a. 

,letter of August J,SJ;h addressed to Dr. Grunbaum. 

The first groups that "ere es tablished for deve lopment are: PGH, AKA, and Esb 

on cellulose acetatE}:i andEAP, ADA a.nd glyoxylase on starch. Haptoglobins and 

Gc 'Were grouped: together for both cellulose acetate and agarose ·substrates. 

Other groups consicered but ,,-hich ""ere not specifically scheduled to be worked 

this nonth are PG:1)o~sI;l a.nd GLO"l, and EAP, AK and ADA. 

The initial~fforts to ~ake the group analyses of PG:I, At and EsD on CA.H have 

poir-ted up a difficultY'i!1 getting a cO:::t.'tl6
l
t;l buffer solution for PGN and EsD. 

1\ > -c.1 

PG~ appears to require a 1 to 20 dilution of the buffer to get adequate separa-

tion using.CAN whereas this dilution decreases the resolution of the bands for 

. EsD. In order to achieve good definition for EsD, it appears necessary to 

~aiti"t'i:frn~~ higher buffer concentration on the order or 1 to 10 or 1 to 7. rt <,.L",V 
(.:,,l 

~t!';\'~s like this group may be difficul t to develop for cellulose acetate ~nalysis .f?! 

'.':: 

.. 1-
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So far the group analyses on starch have been:" made with PGN, EsD and glyo:,<y-
Jt 
" 

,lase. In this combination, after about two hours of electrophoresis, ,th~, EsD 

is stained and read. Then the PG~1 is st.i:.rne'd and incubc\ted J and finally the 
" iodine solution , f applied for glyoxylase. Ser?aration distances ad~ adequate 

bet .... 'een PG,."1 rnd GLO so there is no interfer!/ence in the reaction. EsD, wh,ich 
~'" 

is gotten out of the""~.;ay arid does not seem to interfere with reacts rapidly, 

the subsequent reactions. 

In revie~ing some of the earlier work done on rehydrated agarose gels,' it 

appeared that separations were being obtained which were promising e:x;cept for 

an apparent inhibition of the staining reactions. It was decided to investigate 

this further using freshly gelled agarose with the addition of a small amount 

of starch to provide-:'~he basis for the starch iodide reaction in st2iining 

glyoxylase. A combination of 1% agarose ~;d 2% -starch was made and the initial 

test t,'as quite good. A simultaneous separation of PGN, EsD and glyoxylase showed 

good feasibility for this combination. At this time onlYI\a few experiments have 
"'-:.. 

been conducted and 011y a limited number of variations in pH and buffer eoncen-

tration have been attempted. Ho\vever, at this time the multiple analyses with 

this combination of agarose /starch appear to yield better results than earlier 

trials made with starch alone. 

Another combination under consideration is EAP, AK, and ADA. Tests were also 

made on this group with agarose/starch. Of these, the ADA seems to be most 

difficult to separate from the initial tests. Not enough work has been done to 

tell what combination of buffer and pH will yield acceptable results. 

Analyses for Gc have ,also been made on both CAM and aga1:ose •. 'the a.gaz;osf" sub

strate, .... ·itb crossed electrophoresis, yields an easily readable resul't~"i7 0 

\/ 

nO\,:ever, it requires consid~rable skill to o:,tain good results. Hajor efrcfrt 

will be directed: toward the combination of'~p and Gc on CAM. If this can be 

acco~plished, it would be a significant breakthrough. 

The in~estigation on cellulose acetate 

shown £'great deal of promise so far. 

vincompatibility. 
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Severeh blind trial tests have been made at varl.'ous times. 
They were limited 

to a few constituents of rnajor~concern. In order to confirm the capability 

of ma,',k,."ing an unequivocal analvsl.'s on all h' d 
J t e l.ngre ients from a particular 

tests and analyze for all of the eight statd, it \ias decided to, run a series of 
til constituents at the same time. 

We ~,.,·eviewed the libra.r,v of aged st'al.'ns t d ' h 
,_~( .• J 0 eterml.ne t e variants which were 

represented in stains approximately 30 days old. We were able to find'seven 

stf!1ins which gave a reasonably broad coverage of the various constituents; but 

s9~e of these were only 14 days old, one was six weeks. 

~sing these seven stains, all eight constituents were determined. The stains 

'ij"~re divided so that tests on starch and cellulose -acetate were being conducted ( 

on an identical basis. For Gc . 
',a comparatJ.ve test was made using agarose and 

cellulose acetate. () Also, for Hp runs were made with both step gradient and 
;} continuous "'gradient aery] amide gels. I: .,. 

::;: l TABLE 1 , attached, summarizes the resul tsof the 
tests. It should be noted that 

EsD, P~'l, and GLO I were run simultaneously on starch gel. On an indiVidual 

-~-""-~ 

run the results were definitely better. 
Fiowever, these results were-very reada

ble and show a strong promise for this combination. 

Gc activity \yas evidenced in six out of the seven stains when run on agarose. 

On cellulose acetate, the first run attempted was not readable. This was attri

buted to an inadequate amount of sample being deposited on the membrane. A 

rete~; was made but the results were read by only one person as the other readers 

~~'1;'~=q:g~~c~(jf th~~ laboratory. In this test, four of the stains were called 
cor:-t=ctly. 

Work Planned for Next Month 
. 

SeveJ:a1 possible groupings for simul taneous analyses have been made. During 
this ~o~th tests will be directed, toward establishing the 

most practical comb in
We 'will eliminate those combinations of constituents / substrates .. hieh 

ations. 
(':;-:'\ 

the t':l!sts show t'o be least promising and concentrate our efforts on the rest. 
t 
"~~:~u"" ~ 

<: 
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TABLE 1., RE5UL'rS OF C()NFTRHATION TESTS 

" 
\1 . 

fi 

'" ~ 
I 

N .... 
o 
o 
I 
co 

I,; 
~ 
I 

Consti.tuent 

EsO (1) 

l'GH( 1) 

EAP 

AK . 

-~'O~fAQ.~" 
.-

GLO 1(1) 

Gc (2) 

Up 
";-;:-

IS 

Number of 
Stains Analyzed 

7 

7 

7 

7 

1 

7 

7 

7 

NOTES: (i) EsD t PGN, GLO I run 

(2) Run twice o,n CAM •. 

, ' 

Number of 
" Variants 

3 

3 

5 

.1 

2 

2 

3 

3 

Number of 
Readers/Readings 

It , 

4-28 CAN 
4-:27 Starch 

4-28 

4-28 

" 
4-28 

4-28 
,II 

4-25 

1-4 
4·Z' Agarose 

4-20 (Step 

Numbc.r 
Ql!cstioncd 

Cam Starch 

1 0 

1 0 

2 0 

0 0 

1 0 

3 

'. 

0 3 

" 

" 

) {~ \ 

~\ 

Number 
Correct 

Cam StRrch 

28 2l~ 

,,~ 

'\, 

23 28 

28 28 

28 28 

27 28 

2[. 

4 2l~ 

(Agarose) 

'-. j' 2 19 22 
Grad.) "(Step '(Cont. 

4-21 (Cont. 
Grad.) 

Grad. ) Grad,.) 
,'\ 

i i 
simultaneously on starch gel. 

Only one reader present for retest. 

,~~ 

--o-;::~; 

',' c 

iiumher 
Incorrect 

Cam Starch 

0 3 

0 0 

0 0 

0 0 
(J 

1 0 

1 

0 3 

1 ," 0 

21 7 
II 

IF 
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'6 
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i':e if' i 11 al so begin to deter.nine our hardware requirements as they be'come more 

ar.,?lk rent from the group test;ing. Preparations will be made for a program re-

~ 'II \'ie.;,t, tentatively scheduled for -the end of the month. 
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'Eighth Nonthly Prog:ress Report - Electrophoretic Blooostain Analysis p;rofITJ~ r; 

This repol,"t reviews the workpe.rformed dqring the month of S~ptember 1977 ,; The 

program is nOw in "the System Dev,~lopme~t Phase and is continuing in acco~llance 
with the p~anned'schedule. Albng ,dth the laboratory work, consideratio~i is 

, ~ "\:" 

no'W being given to the feasibility t~si: plan and selection of hardware. These 
'\0.6 

subje,cts arc disc~osed in the following sections. 

Svste~,~evelopment 

In August severa.l groups of constituents were sele,cted for developmen~. One 
..... -

of'these groups, PGM, AK,and EsD, 'Was tried on cellulose acetate. The buffer 

requirements for PGM and EsD appeared to be too divergent to resolve {in the . 

limited time available so this work was stopped. 

c 

In view of this, it seemed pr\t,dent to concentrate our ,efforts for tlle other two 

possible maj~r gr0}lp,s of PGM,ESJ:);-~6'LO I,' and EAP, ;&, ADA on thesta:rch/ 
C',~-:: 

agarosie" s'ubstrates . On~) Septerpber 6th,' a letter recommending this (firection of 
~. u 

ef:fol;'t was se1.'lt to Dr. GrunbauIft' •. rot)the two serum proteins, lip 9'bd Gc, work· ...... 

Dr. Grunbaum has assigned a technician 

to work full t;ime wi th Beckman's ccmsul tant in support of our reC'l:lInmendation ;:' 

During this month the group PGM, EsD, and GLO has been improved qionsiderably. 

It is eJ~pected that this system ydll be finalized by mid-October:( A Ii. agarose 
() ii 

ge 1 with: 2% starch to stai7;l GLO is being used for this group. ~!he other main 
" 

group of'" three conspi tuent s, EAP J AK, ADA; is showing excellent)! results for 
v/i 

EAP and ilK. ADA is showing a loss of activjty and may require /llower voltage 
, Jf 

to reduc~ the h~at generated. It may require overnight (16 hotrs ), electro-

phoresis.' We a;:,s confident that it~"ill be a, workable combina;hon. This grO\lp 
" <) v tl , 

is being iru:'):' if; \~tarch with the expectation ,that it will be' t iansferred to th'e 
',',',' ' ~ c' 

{~~,garose/st;arch c~rlbination. ,~ 1,1 

-', '\ I: 
; \T " j( ',' 

\1 \'i 'l •. 

There are :~'Wo are\~s of concern wit~" these combinations. o~e. is :he PO~s~s~?}lity 

that "(Jith ~\erial separations the staining overlays may be.,1J:xlpr~,perlyplaced 

a'~d mask s~me of Gne bands. The other/which is a contributi.ng ,factor to the 
a 0 ~ -

first, is .J,ariatio\l1s in the agaros-e' eli~(e:'Z;'oendo~mosis from batch to bartch 'and 
:\ 'I; " ' 

varioiJssuppliers'll These problems can be controlled by using a parallel;:,?C!Ra:r;;,,:, 
"Ii I;: (I ~ • 

ation. The i~I,same s~\ain must be aPcpl,ie.,d ~\i:'de by side and the constituents are 

\,\, ~:, / ' 1\ 
,\ 
1\ 
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lSQ lahd for staining. Depending on the number of standard:,~ used, ,this tends 

to limi(t the number of stains that can be handled on one pl~\te with this 
c \1 

approach but ,it precludes mi.,sapplying over'lays. As the sam~i basic method~logy 
!, 

is used //n ~1ther case, T.Je can wait to s'ee if the serial sep~\raticn can be 

dOl1e repeate1ly witho.ut l.nterferenc~J Our majpr technical pr9blem is in com-

bining lip and Gc on one substrate. " , .. 
\\ 

" ~, 
'~\ 

We have tried to detect both pro.teins by antigen-antibody cross~\'i electrophore,s:i.s 

, (MCE). HO~"ever, 'While the separc:tion of Gc is excellent, the Hp',phenotypes 

(due to very little charge differences b:etween them) do not separa'r, e very "(Jell. 
• • • ,\ 1\' ')-

There is also a certain amount of manual\\'devter~ty requ>-1 red 

system. 
" \ ~... ... when using this 

Another approach now being tested is t.o separate the proteins on acrylamide, 
I 

detect-ing the Hp with o-tolidine and the',Gc by irnmuno-fixation. There are many 

combinations of buffers and acrylamide conc'';:,ptra,:tion and so it may be some time 

before the ';~igbt combination :ls found. 
'V' 

It is possible to phenotype {.f?pthqc and lip on .icrylamide 
, L.. C}' 

but on stains there is an excess of Hbwhich t'~nds 

approach is pI'eferable to MCt if it can be "Worked 

problems to be solved are: 

serum samples 

band iug • Th is 

1. Using A.4..CE there is an interaction q'etween the two antisElr~i 

'Antisera from different manufacture,1,:s can be tried. 

3,. 
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As a result of work being done on othe',t:' programs at the Berkeley WhUe Mountain 

(,iI1>. Resea~ch Laboratory, it has been reported to us tha.t some" significant: improve-
(~I¥' ., ( 

... \ 

ments have been made in the methodology for typing Hp and GLO-I. Fot' Hp, the 

separation is dona in the foll~wing ma~per. 
.1. 

.t) 
Using a Nanophor t;rpe and size gel plate, 6'70 acrylamide gels (non gradient) are 

prepared for use the same day or on subsequent days. The gel thickness is 1 rom. 

At first blood sam:ples were placed with a fine capillary pipet into slots that 

had been cut in thli: gel. Later,l.t was found possible to inject 8 ;:;amples 

simultaneously intI' gel by means. qf, a Becknl<tn In7truments, Inc' 1 8-sample plastic 

applicator. This ;sample application method is adequate but has not beel'l opti

mized. The present plate will accommodate 12 samples. 

In a number of explariments, a range from no cooling at all to cooling ;a.t about 
;,> 

SOc was tried. Th~!best separations are obtained by cooling with tap 'water 

while electrophorel?ing for 45 to 60 minutes. It was also found, as expected, r 

that stainibg time is considerably shortened. This is because of the ready 
.." 

penetration of theo-dianisidine stain into the 1 mm gel, as compared to the 

r'ste of ',penetration into the 3 m.m gel which is used with the Beckman Microzone 

system. The longe't staining time is required when using the Beckman system be,· 

cause the specimen itself runs in the geometrical center of the gel and is 

insulated with about 1 rom clear gel on each s.ide. Also, because the o-dianisidine 

is not readily soluble in aqueous media, the amount of stain penetrating through 
I 

the gel becomes smialler as, it reaches the center of the gel. The totalanalysb 

time for Hp has nor", been yeduced to approximately 90 to 120 minutes, as compared' 

to the 16 hours ne,eded for the usual steE gradilmt method. Inununofixation on 

the thin acry1amide gels for Hp was(;also shown to be successful. 

It is also indicated that a 6% acry\amide gel in a nanophor type and sj,ze gel 
I'· 

plate is satisfaCl:!.ory for the separa~ion and typing of tbe three commOn variants 

of GLO-I. Both fr;esh blood and bloodstains have" been ''used. A few ftlinor tech

nical problems need to be worked out in placj,ng the sample into the gel. This 
,-':; 

can be done with improved gel cutting sample application tips. ,As with.;t}Ri' this 

p late will also C<1<1'''1:"Y 12 samples. 

<J 
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This work offers a back-up ~~proach for the entire group of apalyses. This 

t;,~\ """QuId ut i1 ize acrylarnide for GLO-I and Hp and cellulose acetate for the six 

other constituents. Such an approach is outiined in the table. b 1 
e ow. With a 

<'I 
t' ,.)Ii 

single cell the ftnalytical time limits tould be met b·u·t fl've 
substrate plates 

would be r_equired. No ~ec d t' f " o:nr.-:~n a lqn ,or ,?ursuing this work 
~ I.e 010 our program is 

being made at this time. 

QJder of Analysis 

Sample Preparation 

PGH 

EsD 

Ak-ADA-EAP 
(simultaneous) 

GLO-I 

Hp-Gc 
(simul taneous) 

Feasibility Test Plan 

Substrate 

CAM 
,~ . , 
" 
" 

Acrylamide 
gel 

" 

Hands On 

15 min." 

15 11 

15 " 
25 ,I 

30 " 

35 " 

Total time 135 m.in. 
(2 h. 15 min.) 

Elapsed Time 

15 min. 

75 " 

60 " 
60 II 

150 " 

120 II 

480 min. 
(8 h.) 

A preliminary plan is expected to be available by mid-october and 
submittl!!d to 

Aerospace Corporatj.on by November 1st. 
Some a'reas of concern are the reflaree 

methods and laboratories t b d 
o e use to type the trial blood samples, the ~;otal 

nUmber of 'stains for analysis, and how a mistrial for 

be handled. It should be noted that 

for the tests. It is estimated that 

typed in this time. 

Eaui?~en~ Selection 

a p4rticular stain will 

64 laboratory 'Worker hours are avai1a~\le 
a maximum of 35 to 40 stains could be 

Nothing has been finalized as yet in equipment selection. 
A choice between 

the smaller sized cells such as the . mlcrozone and the larger ones such as 

Shandon may be d~ctated by the size of sel plate needed. If a large cell is 

needed, the Beckman Multicellmay offer the most 

lo~est cost. 
flexibility in operation and 

PR-2700-9 -4-
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Work Planned for the Coming Month ~ 

A program review is scheduled fo,r October. 3rd. Our plans for ,completing 

Syst;,em Development I the feasibility tes~ plan, and hardware selection will be 
discussed at that 

t 
l 

We are now ra~idly 

time. 

~ 
approaching the time for final decisions in all of these 

areas. As of now we are still directing our efforts to fully comply with the 

statement of work. One possible compromise is that four substrate plates may 

be required instead of three. This has been identified as our major technical 
problem. 

/ 
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Tenth !,lonthl\' Pro~ress Report - Electrophoretic Bloodstain Analysis Program 
":.c 

This report reviey,'s the work performed during the month of October 1977. On 

October 3rd, a program review meeting was held. It was painted out at the 

meeting that there is a difference of opinion about the methodologies to 
~ ~ 

develop which would best serve th~"·crime laboratories. The alternative ap-

proaches were discussed. 

The alternatives are basically the use of gel plates versus cellulose acetate 

mar..branes for substrates. It has been stated in reports tha.t the available 

starch gel methodology has not been generally accepted by the crime labora

tories in the United States. The use of cellulose acetate membra~~s offered 

a possibility of reducing the skill level requirements for analyzing blood 

stains an? also the time of analyses. However, the data from tests on this 

program shows the time requirements for technician effort is about the same 

with either substrate. Further, and most important, are the results which 

show tha~group analyses are most likely to be made successfully with the gel 
'" 

substrate. Therefore, based on the test results to date, it was decided to 

ccncentrate development effort on the g~l plate methodology. This approach 

has shown the greatest potential to meet the requirements of the statement of 

work. 

As a result of the decision to concentrate effort in this direction, it was 

decided that manpower could be more effectivel~)utilized with laboratory 

facilities located at Beckman Instruments Advanced Technology Opera.tion. 

Therefore, action to terminate work at ueB was initiated. On November 11th, 

the 'Work under DeB cognizance will terminate. Arrangements are now being 

made to transfer the necessary personnel and hardware to the B~ckman facility 

in Anaheim. 

Technic.al progress made during October is discussed in the followil'lg sections. 

System DevelQor:lent. ~ 

~ork is continuing with the three groups of constituents as identified at the 

program review meeting. 

PR-2700"10 ;;;1-
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Group I 

In this group, PGN, EsD and GLO are being separated on 
a 1% agarose, 2% 

",cs.tarch gel plate. Variation's of the 1 t· . re a ~ve concentrations of agarose 
starch have been explored. ThO b' 

and 
~s com ~nation gives the best r~sults. 

~~ 
Phenotyping of PGH and EsD is about equal to individual analyses. 
"'~ith GLO have been good at times but repeatabili~y 

Results ~ 

is poor. 
mixture has been checked and does not seem to be-a cause of 

completely checked out yet and buffer solution has not been 

of the problem. It f d was oun that the bridge 

thoroughly or replaced When changing from one 

The GLQ reaction 

difficul ty.. Th\t: 

this may be part 

washed sponges need to be 

bu f;£er to another. f/ 
I 

The major problem with GLO h b as een with older stains (30 days)~ Comparative 

It may be that the group 
GLf.) is actually doing as well as on an individual basis. 

tests with i~dividual analyses are now being made. 
analysis for 

GrouP II 

This group, EAP, ADA and AK, has been 
separated on 10% starch gels. Efforts 

to convert to 1% agarose/2% starch have not been successful. 

In the past month the maJ'or bl pro em had been fth AD wA. This has'been much 
improved. Sta"n d· 4 t 5 ... s age' 0 weeks have been phenotyped. AK had been a 
problem in that it was not moving off the origin. ThloS 

too has been cor
rected but there is still a problem with AV. 

rw. The bands are being obscured 
by a smear that ~overs a. f ' 1 a~r y large area. It 1 k ~ 00 s like the reaction stain 
has diffused. It ma'& be th ,. h 

J at t e reducing agent is to ~ .. 
• 0 s\,;rong.. The buffer 

been changed from 1 to 100 to 1 to 40. At the higher con-
concentration has 

centration, the pH jumped from 5.5 to 6.2 which 
'Was not expected. It may be 

the higher pH. The pH was adjusted 
that the problem'olith AK is related to' 
back down to 5.5 f ' or e:::~,fctrophoresing. 
out very well. 

So far, the EAP continues to come 

PR-2700~10 -2-
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Group III: , 

_~.·~~.,_~~-.--~.~e ~~arch/aga(~ose gel was also tried with this group, J,lp and Go> but did not 

work. Acrylan¥de still seems to'bet the best substrate. if Results of tests 

,i . 
AD 

~f , , 

" 

this month hav~ been encouragi11g in that some times both Rp and Gc have been 

readable on 30-day old stains. ~is indicates that it should be possible to 

separate thes~ as a group. Generally one will come out but not the other. 

I 

"''bether good r~sults are gotten with Rp or Gc seems to be related to the ex-
"e('; ;1 

traction techn~que used fOIl: a particular :run. It may be that the extractioni 

procedure has~enatured the proteins. Generally chloroform is used to reduce 

interference f!~om Hb. ~'bile this does control the hemoglobins, it also de-
'; 

teriorates theiRp and Gc results. Perhaps a different solvent ca,n be found 

to overcome thts problem. 

Crime Laboratol~Y Tes',:t Plan 

A draft .copy of this plan was forwarded to Aerospace Corporat ion on October 

24th fOr review and comments. 'fhis plan ",as not actually scheduled for sub

mission until December 1st. 

feasibility TestE.1an 

A draft of this plan is now being prepared. It will be for~arded to Aerospace 

Corporation the first of November for review and corrunents. The plan is to be 

available in its final form' on December 1st. 

Hardwar'e Select:ion 

The need for gel plates large enough to accommodate separation distances of 

6 to 7 inches precludes the gen'eral use of the microzone or nanophore' type 

cells. The BE7.ckman }luI thane can be used with either gel o~, membrane sub

strates. We plan to use this hardware for the feasibUity demonstration tests. 

This type cell will be" commercially available from Beckman and a similar cell 

is available from Shandon. 

Pi;{-2700-10 ... 3-
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Work Planned for Next Month 

The need to establish a new laboratory set-up will require a major portion of 

time next month. An inventory of equipment and supplies will be made so pro-

curernent ~can be initiated for nece.?sary items. Physical laboratory facilities 
. ~~.1s 

must be arranged with ~dequate bench space and utilities. This can be done 

\-'ithin the existing ATO building. 

As time permits, development work will continue to finalize the methodologies. 

It is not expected that this ~~ork will be completed in time to conduct the 

feasibility tests by December 10th as scheduled. A delay of one month is 

projected:inow and this w~ll be reviewed as soon as the transition of personnel 

and the laboratory has been completed. 

{? 
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THE AEROSPACE CORPORATION 

,luilC 4040, 9.5.5 L 'En[OTlI.Plo:Il, S. W .• ~losh;'lgl"n. D.C. 2U024, Trt"phollc: (20]1 484 • .5.500 

Mr. Laird Morgan 

3330-GNR -77 -020 
2 February 1977 

Beckman Instruments, Inc. 
Ach-anced Technolog§ Ope:ratlons 
1630 S. St.ate Colle4e Blvd. 
A nalfeim" __ '~<:llifor~J~ 92806 

Dear Laird: 

Please find enclosed the Ininutes of the 18 January 1977 Program Review. 
II 

If you have any questions;:or if I can be of assistance, -please contad me. 

," (" 
"""'GN'R :jaw 

Enclosure: As Seated 

Gerald N,. Roberts 
Program Manager 

-< Law Enforcement and 
Telecom,municatlons Division 

An 'Equal Oj7porJJlnItJ Emplo)t'1' 
f''I>O L".T--':~ ,SI CUHOQ tlQULCV4!O (~ oj, C.U"DD -'~"I.'I 0 .... '.., 
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t 'ALYSIS SYSTEM 
BLOODSTAIN AN MAN/BERKELEY 

ETING WITH BECK F ME • 
MINUTES 0 1977 

18 January 

~ '11 d to or er a . d t '9'20 a.m., J.' g ,,'.'a s <..:a e " , 
The n1E::eL1n "';". 0 E::railons 

T' e Pacific Standard 1m, 

,.l -".'ced TE::chnology p I 5 A~\·~., at Beckman • 

Corporation The Aero~pac_e. __ 

G. Denault 
S. Derda 
P. Jones 
G. RQberts 

~ ... 

Beckman InstI',uments 
J.Bordeaux 
J .. Walsh,., 
L. Morgan 

h 'n California. in Ana ell ., 

of California (Berkeley) University 
B. Grunbaum 

o 

, GRAM PLAN 

PRO . ened bY'Mr. meeting was op , " 

The 'attached PERT h re<::ented the 

. BeckInan Program Bordeam., h 

d t e h t of the program an c ar 

l-:;" 

-;)- Q 

Manager, wop ~ f 11 discus 51 on 
schedule. After u t pr

o2ram h the mas er ~. 1 . like to ave 
Mr Bor-of these iiems, • 

• an \VOU a schedule changed forthe 
d t1;at BecK.!"r. d d for the ocau.x ::tc..te • , ment nee, e 

. modification of equlp _ 'ence after Aero-P
rocurement or . S sche::duled to conm 'C,r,., t 

uipment,\\ a ", Hon te s • ''1'1 ark on the eg , "b'Ut), demons1.ra te,ting. table feasl 1 • , 

'me labora:tory crl 

. d Beclcrnan of an accep . ' the feasibthty space notit,e 'f 'ossible, dunng , 
k:m 

wou 1 Be ckrnan 
ro

val earlier I 1 P .,' a1 tobegln 
Id l

'ke app 'that approv Bee' an 'nformed 't 
Aerospace 1, as soon aJ. er demons furmsnE::d to ~ tration test. , • +hem in writlDg 

, ment will be k n the eqUlp , bl 
wor 0 -t'on test as passi e. dem,onstr~ 1 

the feasibility Cerporation laboratories 

Denault of The Aerospace ed schedule. 
Ms.. " 'ght shorten the propos Of Nanophore m1 ..... 'a,l. the use ..... ~ ... -

suggested 

.l~f 
~!";. ... 

~+"""" .... ~-,,...~~,.,,,,' _;:; lZ_._,_, .... 

I ,:.,.f:' 
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j 
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I 
I 
~j 
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I~ 
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! 
1 
I 
1 , 
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I 
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I 

.':'J\Ix, Berdeaux did not agree and felt that, rather than allowing fer mOre 

,. somples, the experimen.tal apparatus would enly enlarge the seleCtien of 

·Possible ',ubstrate.. Mr. Roberts, Aerospace Program Manager, dis

",oreed and respend~d th£~ the pregram required Work with, and testing ef, 
. . 
'all sub.trates available, even if there was nO', Nanopho

re
• Beckman agreed. 

-SUPPORT PERSONNEL 
. -

Mr. Berdeaux stated that Dr. Grunbaum, UniveZSity of California 

a t Be r ke ley, P ri,ncipal Inve stig a tor, had de di ca te d spac e fer the program'. 

Use at his laboratery. Dr. GrUnbaum then stated that by 1 March 1977, 

ibe p,.ep-am weuld have two fUll-time empleyees, two part-time techniCians, ~:nd himself as time allows. 

Mr. Bordeaux stated that the pregram should have no trouble in 

obtaining the necessary materials, unless the items needed are out of the 
" 

ordinary Or exotic. Whatever was n.eeded, though, would be made available.. 

Dr. Grunbaum discussed the training and backgreund of the two 

technician., beth ef Whom are, werking full-time under a Law Enforcement 

ASSistance Administration (L.EAA) sUP1),o'rted grant frem the California ~ 

Office of Criminal Justice Planning. Both of the individuals are forensic ~ ~- . 

,cience gradUate. frem Sac,.amento, California. M •• Denault asked if the 

grant was geing to' run out SOen. Dr. Grunbaum deubted that this Would 

OCCUr and Was hopeful for an e,,"ten.ion •. ,. Dr. Grunbaum stated that, even 

if the grant were terminated, OUr Contract would still support one of the 
te chnidans full-time. 

The status ef Mr. Stelorow ef the Mic~igan State Police SCientific 

La boratory, and Mr. 1\' r""all of the Mer,. o-poli tan Police For e"'ic Sci enc e 

La bo,.a tor,-, Len don, wa s d'iis" us sed. Mr. S!elorow is in the BeTke ley 

are a Oat the pre sent time ."d is 1 0 eking for hoUsing. It is expe cte d that he 

will be available to' the program full-time by 1 February 1977. Mr .• Wrax.ll . " -- . 
-2 ... 
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will not be a\"cdlable ;':unt,U f'March 1977. The State of California Labor 

D::pa:rtlTlE:nt hald to b¢' infon;,ed that no one in the State was capable of per-:: 

iormjng the w~)rk th'at Mr. 'Wraxall is needed for. This notification will 

no\'l,' be sent to the U. S. Department of State. Mr. Morgan, Beck.rnan 

Instrume""nts G<mtract ..f'>.dlninistrai~r, mentioned that the two consultant 

agreements had not yet been approved by The Aerospice Corporation. He 

was informed that thi.s, would be taken care of. (I'--ote: Apprc)\.-al was ., 

:-ecehed horn ;LFAJ- on 1 February 1977.) 

Dr. Grunbaum",stated that Mr. Stolorow and Mr. Wraxall will be 
~' , 

working under his direction. It wa~'iasked how disagreements'in method-

ology beh'.'een D\r. Grupbaum and the other members would be handled. 

Dr. Grunbaum stated t\hat he intends to use the oiners for their ingenuity 

and will not dict'\l.te to them. If a concensus were not reached~ the final 

'report ",'ould reflect it.: Mr. 'Walsh, Becl-;.man Id:anager of LHe Sciences, 
~ 

co!".iirr.n~d that b\::>th Mr\~ Siolorow and Mr. Wraxall knew of the arrangement 

and a£reed to it. 
y -... ., 

FE.A,SIBILlTY DE'M ONST l=t..o\ Tl ON TEST 
.;::....=.:.:;;.;:;.:::=~;....;:..~-."',,:....:....::-;..;..;:;..; 

,i \i 

.; Mr. Robe~ttSi ,\'eilt through a list of agenda items; the first dis-

cus~ion concerned the fe"asi bility demonstration tes1~. It was stated that the 

subcontractor wO~.lld hav\~ to be ready and able to t~st for"all variants chosen 
!', 

by the 'subcontract,or. It:"'J:::a~,:.as$umed by Dr. Grunbaum and the Beckman 

rE::presentatives th;at thE:: test samples would be on glass. Aerospace stated 

that the test sampteswoJ,ld be d:-1ecbloodstained cloth. Aerospace further 
:1 II 

stated that, as far ,as cri~T.e laboratorie s t~re concerned, cloth is the only 
\~" ~~.: 

acceptable support'r Mos\~ bloodstain evid~n'ce brought into crime labor£:-
C-: 

toTies' is onclothi'and th~~ fE::asibility of the concept' could not be proven on 

£la S s. 
~". 

'\: 1': . " 

It \:;as aho :\str,-ted iithat crime laboraiorie.s n1ust believe that the 
It ,) , 

i.EAA probrams 1:;.n;p~rsta~~d an~ apprt::ciate their problenu::, and the use of 
" II 

glass w~H the logic~~l baseline system on which t:..1:leir \vork should be performed. 

'iC Ii 
'I 

\\ 
\1 

~ . 

II 
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A caucus wa/;5he]d between ·the Aerospace personnel t d' .' ,/ 0 1SCUS s the 

1ssi;.le. The meet~11g J?.!J'ted about 20 minutes after Whl'ch th 
:~ '.~ , e program 

.( , 

review contifltJ~;d. 1\1 s:~' Derda, Aerospace Subcontracts Adm' , t 
1:':1 I~' lnlS rator, 

asked Beckm:in what changes in cost and sched 1 ld b ' 
~ _ !;. l ''fir.. u e w0'll e necessary 1n 

order LO b~' able to fully develop"t'he method 1 r ' , /1 r 0 ogy .l.or removmg the blood-
stains fr!.3m cloth (no comrn't t b A / ~ 1 men y erospace was made). This was a 

Bec~!in and Berkeley action iter.r;l and 1S d-ue by 2 February 1977. 
;- , 

It 
;/ ,". 

MO;,NTHLY PROGRESS REPORT 
;, 

/. 

It' The ne)..-t item discussed W,""'S monthl 
j,' ' , '" r- y progress reports. It was 

1/ " 

lijeque~lted by Mr. Roberts thatthe{:;'rnonthly p Ii ~ . -~:', rogress reports be delivered ibY the:tent£l of each mont,~o Prog:t'~m reviews will nor~al1y be scheduled 

f after t~le delivery of the most r:eCE~nt . if .: ~'/ • program report. It was further 
I! ' il 

1,1 recrl1eS"ited tha,.,t the b /I su contractor :redo the "estimate of consultant hours II 

/ and exe;~nd·it to i!Jc1ude a lTIonth- by -month breakdown per task it~m for 

;/ each of the three researchers. .,.,r.. • . 'rfJ" JVJ;J:. Morgan agreed to furnish this with' it ten days., 1n~ 
I: 

1 
.NANOPHOR~ 

'rhe status of N h " anop ore W~LS ,ne.x-t discussed. Mr B d , )", • or eaux 

informed Aer~1:;pace that the first :Pl~ot~type had testefi well and m d' . ': any mo 1-

fications.were now plann d All If: 'h . " ". e. 0: t e modifications will probably be ' 
",I) ",' mace 
at the same time.,andse'veral ne\~! ~odels will be fabr~icated. 

~ I Dr. Grw'l-

~aum dfsplayed a number of Photo;kri:lPhS of the equipm~nt. The Nanophore 

1S the same length as the Microz.,cine', but is 70.,..,.,...,., 'd h 
I, .~::' ........ u Wl e, rat er than 

55 m:r:n ydde as in the Microzo;peol,I,,'; Th~ appb.'cator t1'pS are interc:;hangeable 

so that each one can deliver a dii£:erent quantity of blood -i d it d 
~ h ' 1, e S,lre • 

Dr. Gru."1baum will attempt to halve th~' photogran.hs I'" Ii ; r,. releas~!d by]' the National 
AE::ronautics and Space Adrninis~&-Q,tion (NASA) It' D G" I: , if' 1S r. ru."1q laum's 
feeliIlg that the Microzone coul,i be mod:: r · d 1. 

,f, i ule 0 meet all of the IStatement 

of Worl" requirements' (Dr. Grll,ILnbaurn has h d f 
I' suc mo i ied instruments.,in his 

. I . I 
>·" .... -~"-'·'=""'=-~~·--'---Ir--' 
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la:,oratory}, but he f~~els that the Nanophore will be able to do a significantly 

be7'i €::r job with gre atl::r ease. He also stated that OPT has been found to be 

unusable in dried sta:ins and that glyo::...-ylate may be a good replacement. 

Glyo::...-ylat: also has an excellent discrimination ability and basic work on 
i ~ 

this s)' st~~mJ s forensic appHcationPare underway in London by Mr. Wraxall. 

In ac1di.ti,bn, Mr. V/rclxall and Mr. Stolorow will work with equipment similar 

to that'i.n their own laboratories {which \\-'ill be purchased under this subcon

tract}. The :re~u1ts of all testing, including Dr. Gnmbaum l s, will be 

intercompared to determine which investiga'tor obtains the best results. 

J\llSCELLANEOUS 

Mr. Walsh was interested in determining if anticoagulants such as 

ACD could be used. It was felt that the use of these substances mi.ght lead 

to artifici a1 and incorrect results. 

Dr. Orunbautn asked if Aerospace had any suggestions on the methods 

to be used to collect 1:}1ood"samples. Aerospace felt that Berkeley was more 

involved wit};, this than they were" and he was inionned that he slmuld use 
r ;;-:-;' 

the methods he has (~lready developed for the California grant. 

10.5. Derda ipquired as to where the funds were cOlning iro4D to 

support the two part.-timetechnicians. The new contract arrangement 

with ]v1r. V,Tr'axallapd Mr. St.olorow as Beckman consultants made approA-i

mately $23,000 available,!", enpugh to hire the technici.ans. Beckman was 
" asked to determi.ne if these individuals \"ere necessary. 1£ not, the excess 

funding might be plit int.o other areas. 

Mr. Roberts defined "technical direction" and stated that normal 

i:nput at meetings v~as not, and sh~uld not be, construed as teclmica:1 

direction. Techni(~al direction can on1y be ghoen in writing !r,om Aerospace 

contracts. li the ~iubco:ntractor felt t:-.ai. technical direction ,vas given, he 
IJ 

should imrriediately contact Ae~ospace for writtetkcla,.,:rHication. 

-5-
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ACTJON ITEMS 

1. 

2. 

3. 

4. 

A"e rospace is to approve consult ant agreements b 
1977. Y 1 February 

Dr. Grunbaum is to obtain release of photographs from NASA 
by 2 February 1977. 

~~ 

Res~onse [rom the SUbcontractor on elution off of fabrics is 
requlred by 2 February 1977. 

L. Morgan is to develop new man-hours and calendar charts 
by 27 January 1977. 

AGREEMENTS 

1. The Aerospace Corporatloll agrees to accelerating the schedule 
so that the cr"m 1 b t 

" 1 e a oraory d~monstration test plan work will begin irnme-

dlately, after the fea, sil;;dlity demonstration test', 

to the crime laboratory testing. 
rather than ten days prior 

upon 
,,2. Equipment procurement/modification for five units is to OCcur 

direction of Aerospace as soon aite~ the feaSibility test as possible. 

> ~ r::' .. 
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3;;30 - GNR:' 77 -023 
23 March 1977 

'~F 

Mr. Jean Bordeaux 
J 
l,i Beck111an Instrumen'ts Ina .• 

Advanced Technology Operation 
1630 S. State College Place 

;f 
l 

/ I 
'Anaheim, California 92806 

Deal" Jean: 

n;iview held in Berkei'eY,:,$alHornia, on 15 Nlarc I' • ii ,) 

" Enclosed are themiputes of the second Elehct:09P7h7oreSiS progl"am~;I"~; I:' « 
If I can.be oS further assistence, or if you have any questions Please,I... ...'. 

contac.t rrre.,'. 7 
j ~( I, <, ;: 

Vel>Y truly yours, . ~.p? 

-4~~/~ t,P' 
Gerald N. Roberts~';;;""" 

", j 
Program Mailagerf "':c 

Blood and Blood~1ai:r.; ,Analysis 

GNR:jaw 

Enclosur~ as stated 

cc: L~ Morgan· 
'VIr .. ;:Walsh 
M. Stolo:t'ow' :.;:. 

B. )A!raxall 
B. ~et'u:nbatlm 

An E'Jua/ OPP(}'fIM!f,ily'/!.mpJ?J" ..'. . a;' 
~t"U'Al- Q"I'ICI;Ii '(.oc: .. -n.o t.T, 12S0 r: ... T I!<' lI(<::,j"NClO "'OU~"I,.t .. ~,~!:. .''''U''ClO. C.&l-Iro",,"'" 
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MINUTES 

OF THE PROGRAM REVIEW ON 

ELECTROPHORESIS DEVELOPMENT 

15 Ma,..r,ch 1977 
'~!HI 

The fol1owingag~nda re.f1ects the major items and topics considered at 
:' 

the Electrophol:"esls Program Review at Berkeley, California. 

. G Review of laboratory organization 

e. E;oeaznination of documentation available to eliminate 
unn,ecessary tasks 

• Genetic ':tn,;:;.'rker testing 

.: Substrate testing 

, o.,Nanophor~ status 

.. ~Pl'anned activities 

• Problem areas 

lit Schedule 

e Fadlity tour 

The:iollowing persons were present at the meeting: 

G. Robe.rts 
S. Derda 
G. Denault 
R. Kennel 
J. Bordeaux 
J. ,)~alsh 

"/", 
M. 'Stolor,ow 

'B.' Wraxall' 
B. Grunbaurn 
G. Harmor 
B. Del Re 

; ,The Aerospace Corporation 
The Aeros]:)ace Corpor.ation 

/7 u 
The AerosB~ce Corporation 
The Aeros~bace Corporation 

; Beckman I~~struments 
" Beckman I~lstruments 

43eckrnanlj~$trument~ (Consultant) 
Becik\flan In$:irurnents -(Consultant) 
'University of California at Berkeley 
Vniversity of Californ:ia at Berkeley 
University of California at Berkeley 

.~ 

\\ 
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TECHNICAL 

d t d control pr'esentation The lTleeting was opened with an up a e program 

by Mr. Bordeaux, Beckman. Instruments Program Manager. The attached 

.' ~PERT "-"o~'k' was distr~uted He explained tha:t blood mlle stone ne ~.w .. • 

t d ay The blood-sample s being sampling and aging experirrlen s were un erw .. 

used are not being selected for the variants which they possess, but rathe:r 

those routinely arriving in Dr. Grumbaum's laboratory undert~e C~li:~rnia 

Office of Criminal Justice PJ.anning subcontract. Mr. Bordeaux further 

reported that all of the equipment specifically ordered lor the use of starch 

gels and acrylamides have arrived and are operational. 

Dr. Grunbaum, Principle Researcher, felt that one of the major 

accomplishments of the program was bringing internationally qualified 

persons to yarticipate in the program~ The general plan for whole blood 

1 · d Both of Beckrna.n' s consultants resident at analysis was then exp a;me, • . 

Berkeley, Mr. Mark StCllorow and Mr. Brian Wraxall, will work on 

improving the analysiS on the presently run starch gel and acrylamide 

methods while Dr. Grunbaum's two assistants, Mr. Del Re and Mr. Ha'i'mor, 

will utilize the .cell1.l,ldS~ acetate techniques. The methods of the researchers 

~vill be inter-compared and the best ones choses. Weekly meetings are 

held with all researchers present to compare results and outline the 

following week's work. It is planned that the decision on which methods 

are to be us ed will be reached by mutual agreement among the researchers. 

Ii mutual agreement is not achieved, the disagreement will be discussed c
, 

", t' 'th The Aerospace Corporation with all and resolved at a mee lng Wl 

program participants present. 
;~" 

Dr.J Grunb~um also stated that e'Y;}tftuaJ}y all of the researchers 

v.iJI lea rJl to use and operate a11 electrophoretic equipment~ 

acrylamide, cellulose acetate, including Nanophore. 

starch, 

I, 
\ 

(.,i~~~ 

~ 

The topic of discussion turned to the genetic systems which will 

be tested. The Aerospace Corporation Statement of Work calls ;Cor the 

investigation of a minin1um of fourteen (14) genetic systems. One of 

these t CPT,: has not previously been run in this country. Preliminary 
",," "" .... ' 

re sults\,o~ ire sh blood look promi.§:&ng, but. since blood has a very low 

concent~ation of this substance, the method may not work on ~ged and 

dried blood. Another :ubstance, glutathione reductase has a good potential, 

as seen in the early tests. Mr. Stolorow has been working on carbonic 

anhydrase and peptidase-A, but no decision has been made on these as of 

yet. Both of these systems have poor discrimination abilities which may 

limit their usefulness. 

Dr. Grunbaum distributed a summary chart (attachment 2) 

compiled by Mr. Wraxall which listed all the likely genetic systems broken 

into three (3) groups, in. order of priority to the program. The first 

group, composed of EAP, BP, ,PGM, GLO-I,Gc and EsD, could pr~vide a 

cumulative discrimination of lout of 250 if isoelectric focusing were 

u.s ed for the PGM, or lout of 133 without the use of this technique. It 

was stated that the group I systems were reliable, persistallt and afforded 

good discrimination. 

The addition of group II systems, AK, ADA, 6PGD;;and GPT 

would increase the total number of genetic system to ten (10) and the 

cumulative discrimination from 133 to 215. It was felt by the researchers 

that the addition of all of these systems would probably not be worth the 

return of the increased discrimination. They also .. c~ncluded that the 

group III systems, (PC.E, UMPK, Hb, GR, G6PD, PEP-A, ,and CA II) 
will probably not be considered because of their poor dis,t:':i-imination, 

.,'--
'''Z?, except for specific ethnic gro~ps. 

Dr. GrW1baum and B,~ckrnan' s consultants have decided to con

centrate their developmen~~Jforts on cellulose acetate, starch gel and 
(/;.:(~: 

, 
I 

\: 
I 
I 
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acrylamide gel. They realize that all substrates listed in the Statement 

''Of Work must be completely tested unless documentation to prove lack 

of feasibility can be furnished to Aerospace. 

.," "" 
The iterative process for'~etermining the most promising genetic 

systems and electrophoretic substrates should be completed by 1 August 

1977. This segment of the study is intended to optimize the separation 

and technique against all of the l·equirements and facets of the Statement 

of Work. '\~en the task has been completed, the planning and preparation 

foI' the Feasibility Dempnstration Test will begin. 

A decision was reached on the use of the anti-coagulent ACD which 

is added to all the blood which Dr. G.runbaum receives under the 

California Criminal Justice program. The use of ACD will be permitted 
.. (-) 

in the ea;ly.?evelopment stages of this program., but before any genetic 
c 

group is aC,cepted as a definite component of the fini,shed system. that group 

will be completely tested v."ith blood containing no perservative or anti

coagulent. It is similarly recognized that the blood samples used in the 

Feasibility Demon stration Test also will contain no additive.' 

The research ap;Froach outlined above will be continued thro}lgh 

the ne:x"t reporting period, in additlon~ll of the analysts VIlll work on 
(/ 

"blind samples" which had previously been characterized. 

INSTR UMENT TESTING 

r;~~,. 

The deveJopment plan which wlll be followed in the next month 

calls fot.' the testing of the modified Microz.one, Nanophore, Gradipo.re, 

Shandon, and the Beckman Multi-zone (a new techn~(que based on modifi

cations to Shandon equipment). This will hopeJully"resoi~e not only the 

identification o~ the best genetic systems but "'t1l~,c-best equ.i.pment· 

. approaches also. 

'J ., 

II 

r 

.. FOT the pr~ sent time the Nanophore units 'W'ill be used fOT 

cellulose acetate only since the temperature control plate has buckh~d 

and cannot be used. It 1'S antic'pat d th t 1 e a a new or repaired plate will 

be obtained shortly. 

HAZARDOUS MATERlALS 

The discussion turned to the point of possibly toxic substances and 

their use in any development system. No substance prelSently banned by 

OSHA or other federal agencies is being used. Aerospace will be advised 

by the subcontractor about the use of any potentially hazardous material. 

Aerospace approval for the use of any hazardous substance is required, 

as documented in the Statement of Work. 

TRAtNrNG';" " 
r·' 

13, There was alsoconslderable discussion concerning thE! extent of 

~,' 

the training n~cessa:ry for criminalists to effectively use any system 

developed. ~I'he tr;;i:lning is ,dependent on the individual criminalist, but 

two weeks does ~,eem reasonct\>le as a starting point. Not "only is training 

documentation matedal planned, but also# pos sibly, direct training from 

the research team. 

ACTION ITEMS ANDAGREEMEN~T'S . 
'~~ 

None. 

.. :-:: 

I' 



~'ri:1-S DISC. ,PROBe 
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<} 

O.Po 0.35 

Hp. 0.,39 
I,,) 

PGM. 
.- 0.25(0.47) 

GLO 1 0.38 

Ge. 0.45 

}C>; E5.0 0.69 

J~ 

Total 0.0040(0.0075) 
.'"1 

2nd. Priority CrouEing S~stems 
& \~, 

~.i.o '{i 

:~K. .'. 0.82 ~' .,) 

""!. .. ' ) 
,;:(.PA. 0.82 

:) 1 ) 
t ~ 

0.91 6PGD. 

CPr .. .. 0.38 

S)'~tcms to be Rcject~s. 

PC£(EI&2) 
'., 0.82 

0.82 

0.82 (B lac:l~s) 
~"':;.:.::: " 

GR. O~59( " ) 

(,\: O.41( ~}I' ), 
';:;~ 

f 
G6PD. 

;.') 

0.7S( " ,) 
" 

-, ,~ 1'ep.A . • -i-'---:' 

0.7?,,( ,II ) 
;1\,1-

" 

,,~. 

<", 

IEF.should be used. 

Stains can be unstable. 

I in 250 (1 in 133) 

Could be co~pleted on noax 

one substrate ~t Same time 
.::..:;;;;:.;:=----.:.~..;; 

Unrelieble. Stains are unstable. 

Completely unreliable. 

" It 
(;. 

P.P .. v~r"j 10 .... In combined population. 
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tv1 r •• le.lli UU1'dl:a~lx 

nl.!C1UTI~1"l InslntnH!nls, Inc. 
Advanceq Technology Division 
1630 SO\llh S\<1\C Collcgt.l PIncc 
AlHl.h~im, Cali£orni:l 92806 

De 0. r Jco.n: 

Enclosed arc the minuLes of the thi:t'd Electrophoresis Development 
Program Review held at lhe White Mountain Research Stntion in Berkeley, 
California, on 4 May 1977 .' I 

p, 

If I can l5&' of" further assistance, or if you have any que1hions
f 

please 
c: onta,ct "'rr;e. 

gNnms 

E:nclo !:jUTe s (n.s Btate tl) 

cc: 
L. MQ,r.go.n. 
W. Wa1!:ih 
1,,1. Sl ()1 orq'N 
B. Wrax~l1 

JX' Grunbnun-(' 

0'iJ. :'. 

Very truly yours, 

~ ... ?::"" ~ t-.... 
,...-.. / - ' 

Gerald N. Rober:ts 
Program Mnn<1ger 
Blood ancl Bloodstain Analysis 

',;' ,./111:,///.11 {)1'lt/I"'lJI'fr~~IItI"It)('( ,:' 
.~ .. t." ...,-, / •• , If t .. "ff."- U I ••• IIIU1. ",I:a' ..... hU»if". h:.J~,~,;! ..... r,. .. I til •• tUU""f • _, u u~ ..... 
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MINU'1'I~S OF PltOUit.AM H..u;Vll~;W 

ON ELECTROPI:10RESIS DEVELOPMENT 

4 MAY 1977 

~ 
The follo\ving is the agendCl ~f the Electrophoresis Development Program 
Review held <It the Whi1..e Mount.ain ReseClrch Station, Uerkeley, California. 

1. STATUS OF ISOENZYME OPTIMIZATION 

Fresh Blood 
Aged Blood 

A. 
B. 
C. 
D. 

Samples Depo,sited ~:m Cloth 
G\lmulative .Discrimination Calculation 

lI. EQUIPMENT OPTIMIZA !lON 

A. 
B. 
C. 

Nanophore 
Modified Microzone 
Other Systems 

III. PROBLE1~ AREAS 

A. Haz.ardous and Potentially Haz.ardous Substances 
B. Others 

IV. FUTURE PLANS 

I 

The following persons were present at the meeting: 

The Aerospace Corporatiorl 
G. Denault 
G. Rob.el'ts 
R. Shaler 

University of Cnlifornia 
ot nerkcly 

13. Del He 
13. Grunbaum 
G. Harmor 

Beckman Instruments 
J. Bordeaux 
M. S1.olorow (Consultant) 
J. Walsh 
B. Wraxall (Co11sul1.ant) 

, 
I 
j 
I 
I 

.-' tI 

I 

~ , ' .... .i.i, 

'~~r 

TECH~ICAL 

Mr. Bordeaux opened the meeting by di'stributing and discussing 

the attached updated Pr::;RT milestone network. After some discussion, 
~ ~ 

Dr. Grunbnum commenccd the technical prescl11.ntion. Results to date 

i.ndicJ.tccl th<.; I!:AP, E!:i D J PGM, Ge,. Clm] IIp <:nn all UC uci<:ct<:cl up to a 

n1inimum of four weeks in dried stains. In addition to glass, these stains 

were removed from pieces of cloth as small as 2 equare millimeters. 

Stains have been e)..-trncted by a number of technique s.' including: 

• Simply soaking the cloth in a small amount of water, 

then placing the solution on the electrophoresis sub

state. 

• E>..-tracting the blood by primary rinsing, centrifuging 

. and vorte:" mixing in a specially designed capillary chamber, 

then cleaning the extracted sample with chloroform. There 

is no indication that the;sample size requirement of the 

Statement of Work will be any trouble to meet. 

Some wor« on combining several systems on one,;cellulose acetate 

m,etnbrane has been undertaken. The four systems., Hb, AK, ADA, and 

G6PD, have all been run simultaneously on one piece of the sUbstrate 

material. \Vork has been conducted on reducing the quantities of reagent 
.,'>:: 

necded to viSu<llize thegrCiup-specific component, Gc. this work has 

progressed to the point where only nanogram quantities of the component 

are required. Others)' stems which also look hopeful arc Bis-Albumin, 

,.,GsR, EAP4 Hp, and GPT. 

,J 

The next presc.:ntn1.i on WilS n'1ade by Mr. ~\"'rnxall who descri bed the 
, ,~ 

joint work pel'£ormecl by Mr. Stolorow and him. The two attached charts 

describing which genetic systems hav~ been. tested on which substrates 

\vere distributed. \Vork on e,ight genetic systClTIS (AX, ADA,PGM, GLO, 

EAP, EsD, Hp, tlnd Gc) has been conducted 001 dried blo~d stains on doth. 
0,>, 
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All w<.:!re cll,!tectabl~ in exc~,ss'-of the 4-w~<::k persishmcc requircm~nt. No 

inlc.:rprei.~tiQn probll,.!l"ns wcre cnusccl by th<.! aclclii.ion of the anticoagulant 

A C D to the blood prior to staining, except in the Hp sy stem where there was 

n pro ble~ in correctly ·inl<.~rpretin~\ ph~nolypus due to thu nudition or the . 

ACD in the; bloou. Most o[lhc work is being performeu on stClrch, but other 

subslr<ltes such as acrylClmide, agnl"ose, <lnd cellulose ncetate are also being 

tested. M .. ost of this work is being conducted without the need of extractions; 

in practice:, one or two threads of cloth are soaked in the buffer solution 

and then inserted into the gel material. Some problem has been encountered 

in" the Gc Siy stem which seems in a large extent to be dependent upon the 
'l':-

san1ple hi!:itory. This lnay cause practical problems for crime laboratories 

'where sarnples are exposed to moist air and/or warm temperatures. 

dation oft~1e Gc variapts in these samples does occur. 

Degra
I 

Sorpe work on running simultaneous sample; on the same substrate 

have been I:onducted by these reseal"chers; preliminary results indicate 

that EA~>, GLO, EsD, and ADA. could all bl~ run on the same starch gel plate. 

Discrimination of I in 200 appears to be re.asonable and obtainable. When 
Q 

al]. eight sy,?tems listed above ,are utilized, a cumulative discrimination of 1 
, ~. 

in. 196 is obtained. The addition of Hb increases this number to 1 in 205. 

'I .' 
'I 

j:"QT'iP1o. A f."" Nirr' ~ ~ __ J".-...l I, 
--"-----;;-l{ ~~,~I 

() 

11 

Wo~!k has been underway'!6nall of the off-the-sheli equipment, as 

well as ~thelf modified Microzones and Nanophore. Work on the }Aultizone 
II 

is just beginning, and its pot~ntial usefulnes.s is not known. In order to 
Q ~ 

assure th;hi the, tl:mpcrfllure control plate on U{c NflnophoTe is pz:oviding 
/r /1 I. ~ 

uniform j~el'llpUl'ahlrC, U t1wrmiS1l:r will be impltll'ltcd iri'lhu starch gel as 
',. 

<l mani tor. 

.-;: 

2. 
\' 

,-. i\, 

, .~ 
j-

I 

, .1 

(1) 

PROBLEM AREAS 

,~/)A list of seven substances which might be considered hazardous 

h"5 f;lihen c1-cvelopcd. Th'ese materi;f)s are: 

O-lolic1i.ne 

Cy"nogum 41 gelling agent 

Leuco mol<lchiie green 

TEMED 

2-Mercaptoethanol 

MTT 

PMS 

All of these substances \~ill be checked with the Occupational Safety 
.,f. 

and Heal~~ Aorninistration to ascertai.n if any are regulated. This is an 

adion item for Aerospace and is due by the next program review. 

ACTION ITEMS 

Aerospace is to ascertain the hazardous potential of the seven sub

stances \r ited above. This is due by the next program revie~. 
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BLOODSTAIN ANALYSIS SYSTEM. 
MINUTES OF MEETING WITH BECKM.AN!BERKELEY 

20 JUNE 1977 

The meeting was called to order at,,1:15 P. M. (Pacific Standard Time) at 

the 'White .Mountain Res,earch Center, University of California. 
---.. i'" 

'\,.A .. 

Att~ndees: The Aerospace Corporatio:t University of California 
Berke:ley 

G. Denault 
R. Kennel 
S. Derda 
G. Roberts 
R. Shaler 

Beckman Instruments 
J .)3ordeau 
L. Morgan 
l\.1. Stolor ow 
J. Walsh 
B. Wraxall 

EauiomentOpti.."'!1ization 
t • 

,l...B-: D;ei Ray 
G. Harmor 

.J ,_ " 

i lUL.f O/I( t (~/a.~....r- ' 

4 .~Ji 

~", 

lvir. Bordeau discussed the progress regarding equipment optimization. 

The nanophore was not used during this period because of-'its removal irom 

the laboratory by NASA. The reasons for the removal of the ;~quipment was. 

not known, and its retu!'tl to the laboratory is expected ;rvith~? ort~ month. 

The other it-emsof equipment: the Multizbne and Shando:l:l units are being 
';1 

us ed extensively; the Gradipore apparatus i:a~ ext=t,eme limitations in t::' es e 

studies. 

Sy~tem (Is oenzyme) OptimiZe tion 

F:re'sh Blood 
.-..2.:: 

!vir. Stolor91o# presen:ted the results to date concerning the optt:rnizatlon of 

the isoenzyme s,ystems. 

1. A schematic was pres ented (A ttactchment 1) which(li~~lustl'a~es 

the ~aJionale being use9 in order"\o elimin~tJ~ icnefiic~e~~ 
~ 

efforts regardinF,the,'.~se of the' dif;ere'At sub~,~~afc~,~ 81 equip-

,mel;lt. T.g.e flow diag;amssbow tha'~ va~ious s,rirj'strat-e:l3' qi g':;: 

. (acrylar,nide, sta:rch'Qbr c ellulos e ac eta te membran~ (CAM)) 
{J 

I) 
,D 

- .:. ~-!:'.= --,~., :,;" ~_ -.' ~ .• ' .... ~ .. (.IZ. _ •. 

'1) 

" \J,\ 

' .• , ... y 

2. 

.". 

will be investigated with each system. The sys:tem which gives 

the best r~sults with c)particular substrate will'then"be studied 

with blind trial results, and detectability limits being used as 
. . 

s election criteria. Thes e stqdie s should then permit a decis ion 

t'O be made regarding the:ecceptability of one ot' more substrates 

for each system. Once the optimizatfpn for each system on a par

ticular substratt;\ (s) is determined~ th~~ appropI'~ate item of equip_ 

ment will be selected. \\ 
\\ 

An update chart was presented (Attachriient 2) which shows the 
'il J 

progress regarding the optimization of t;':ach system on the 
,; 

different substrates. The chart illustra,\es that all Group I 

systems are still being evaluated. The $;ollowing preliminary 
!I 

conclusions have been aif-rived at sine e the previou,.s program 

review: 

A •. ,,,PGM, EAP, EsD have been eliminat,ed from acryl'a.mide. 

This elir.:J.ination is due to both theoretical considerati~~s 

,and experimental results. The results showed that a.cryla ... 

mide severely inhibits the enzyme activities of these sys

terns. 

,GLO has beerl tentatively eliminated on CAM because of 

poor res olution of the bands.:.:-

The above systems ~~.u also being investigated on agrarose 

gel. 

Gc has been eliminated on statch 

E.. The possibility of doiIlg !-:Ip and Gc slr:1ultaneously on an 

., aC.lrylan:li'de is being investigated. 

~ . 
~:~~...;q~~~~~"~.:o,..<-.. ~"", ..... ,-, .:,:~ ·~"~''''''~'''''';;''';!l''''''_''''''''''''.\r .... __ '''-"".~ .•.. " _ ,. .. 
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FOUl" Week Old Stains '.:.'::-

, -

Th~ results discussed above for :£:resh blood a~e g~ne;rally applicable t~ 
< ~ " ." , :' ~ 

dried stains. (n:'he exc~eptions are that the studies inv'olving acrylamide 

will not be initiated with dried blood until wet blood I.:>ptimization re_li ults 
(;' . ~. 

are completed. As with fre.shc-blo~lI 01.0 has been. eliminated,£rom CAM. 

GPT giv~$ unreliable res,lllts asmel'ltiol.'led above. 
" 

Blind Trials 

Mr. Wraxall discus s ed the results obtained from blind trial studies of 

ESD, E..~P, and PGM. The researchs have cOIg;lude'd that the ml:llti-system 
j 

amdysis as discussed in the Statement of Work i:s the most irnpor.tant and most 

dif!icult aspect of the research. They conclL'~ded that certain substratfjs 

would have to be elirpinated so that t;he multi-system analysis work can 
.) 0 

be completed efficiently. The following is a sl,j;,~nmary of the preliminary 

blind trial conclu;si,ons: 

ES12'" It is difficult to distinguish between, the results obtained 

on CAM and starch. However an apparent genetically 

impossible variant was observed on CAM as ,f. part of the 

OCJP program. It was re-invest"lgated on starch and 

!oUJ.ld to be a 2-1 ppenotype. Repeated analysi~s on starch 

and CAM showed tire same results •. Although theol"iginal 

handling of these san5.ples (form Hawaii) .is not know~, the 

results of tJ:is fortunate discovi:ry a::e suiiicient to eliminate 

CAlvi from being considered Ior the ESD system. 
\~-

t:"'~p The inability of F..P",p to completelysepa::ate thea and. b.bands 

during elect:rophore·sis with CAM has been noted. This pre

sents a potential prob'iem lor mistyping or obtaining incon

clusive results. This'problem was reflected in the blind 
Ii 
trial re,suUs. Until a technique is .arrived at which can 

II _. , ~ 

e!!ecti-.,ely shpat::ate these bands on: CAJ-..1, tb~ use ·of this 
f' '" " . -

~ubstrate s"l?:9ulJ b~~.ii.-n~ated as }iP.~ of the mediuni~t.o be. 
~I '" " ~-'" -;.'~ -!). r';O,;-' 7(. 

'c·Jhsh:€:::ed for EAP. . 
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PG!v! The PGM system s'uffers from the same basic problem<a,s 

EAP. The band c bands a:t~e incompletely separated on 

CAM. Potential mistyping and inconsistent results may be 

obtained. The ,b1ind trialstudi.es on PGM to date tend to 

- support thisconc1usion~ Thus, until a technique is arrived 

at using, CAlvi which can unequivocally separate the bands, PGM 

must beelhninated from considerati9n on CAM • 

Multi-system Anal):sis 

Prelirnina.ry studies concerning the simultaneous analysis of several sys
,; 

terns on;'l single substrate have been continuing ahead of schedule: 

o Various combinations of PGM, EAP,. ESD, and 

GLO are being investigated on starch and agarose 

gels. 
.I 

Hp and Ge; axe being investigated on acrylamide 

o AK and ADA combinations are feasible on CAM 

and starch. 

,There were several concerns ,on the part of the researchers and customer 

o 

. ----~--. - . . ---~~.~ -

o 

There waS discussion_regarding the interpretation 
:~~~ 

of the Statement of Wo:r~~. ,·It was agr'eed that the 

~, spi:rit of t~e Statement of Work was to get eqUipment 
" , 

and proc~dures setup that w9l.11d be used by crime 

!abs rather thanjust meeting the letter of the con-

It was discq:vered that two complete nanophoreunits 

are not available. The original impression of both 

Beck.tnan and A etospace,~was that two units were 

fab.ricate,d by NASA. T.he removal of one complete 

unitJeit the 'resear'ch pr~je<;;t without a functional 
\~f <:" _ ..... -

nanopnore. It is expected that the equipment will 

be re~.ul"nf!d within one month. 

4: 
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o 

o 

o 

Action Iter,ns 

There are p;t'oblems tn the visualization of PoM. It 
l, .~I 

is believed that the cause of these problems is due 

to faulty reagen~:s. 

There was speculation and questions concerning the 

best item of equip~ent to be used for qompletion of 

the Statement of \\fork. These questiol.'1s arGse be-

caus e of the unavailability of nanophore. 

Ar.1ditio1)3;ll"esu1ts have ;shoW'Ii. that the clarity of results 

are a direct r;'~lationship to the size of the".sample spotted 

(for CAM) or inserted (for starch). 

'C:Aerospace will determine the reason for the unavca,Uability of t...'le nanophbre ' 

units from the laboratory by NASA. 

!:;. ..... g;...:!'_e_€_m_-_-e_r._-_ts_ 

o 

o 

The only\acceptable end product of this research is the 
" 

develop~~yot of a sygte~ (5) which will benefit the 

crime labo~~atories. 

Blind trials will be repeated using nanophor e 
I' ,;;, 

Equioment selection ca:nIlot be m~de until all ... .\ ,,' 

research inclu,ing system optimization and multi

syst'$!n aDalysi~\is completed. 
" \ 
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ELECTHOPIIORES1S DEY ELOPMENT 
PROGRAM REVIEW 
JUNE 20-21, 1977 

Program Slatus 

A. Schedule 

B. Tasks Completed 

Isoenzyme ODtimization . , l 

A. Blind Testing , 

B. Optimization and Procedures 

,,C. Substrate Screening 

,~.D:~ Simultaneous Analysis 

111_ Equipment Status 

IV. Hazardous Materials Report 

V. 
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Total 
Activi-.:y 

(;~ 

LsD Blind Trial and Det'etctabi1i"'Cy 
S~a!)~ gf ResUlts -- Whole Blood ,-

. ~,;,.(J"~ 
Total ~s x 4 Correct Incorrect Inconclusive 

28 9 

No Activi"ty 

~ 7 ~ J 12 ,) l 
125 Ng. 28 13 ~ 8 4· 

t-...;,r250 N g • 
C 

A. 
M. :: ::: :: 1: ~ l] : 2: J 

____________________ .,... ______________________ . __________ ---------------------- f 
;f£rr;-250 Ng. 28 

125 Ng. 28 

60 Ng. 28 

30 ~g. 28 

24 

27 1 

15 3 .J* 10 

10 1'+ 

* Results read from Polaroid phot.ograph. 

-Ar 
, R 

C 
H 

------~-------------------~-------~---------------------------------------------

'Stai..n 
\ 

"\:vi 2xO. 5 em. 
il days 

.. 2;<0.5 em. 
21 days 

2>:0.5c:n. 
28 cays 

1xO.5 c:ll. 

11 days 

1xO.5 cm. 
21 days 

lxO • 5 . C':l • 

EsD Blind Trial and Detectability 
sunrn~:r of Results'- Dried Stains 

\"'~i/ 

T~tal Stains x 4 C'orrect Incorrect Inconclusive 

B 5 3 

8 8 

12 9 2 J 1 

8 1 ;J 

8 8 

12 6 J 1 

No Activitv . . " 

3 

28 days ---------------------------------------------------------------------------

, ',;;, 

2xO.Scm. 
11 days 

2xO.5 c::ll .. 

21 cays 

··2xO.5 au. 
28 days 

l~O. 5 ell. 

11drJ.vs ". 
lx0.S Cnc 
21 cays 

. :!.'xO. 5 c:::la 

2e cays 

8 

8 

12 

8 

o ;:!"." 

8 

1 J 

s· J 1 c::> 

5 .] :2 1 

1 J 

1 

:3 :2 [ 7 

l 

c 

A 

M 

s 

T 

A 

R 

C 

H 

( J 

}) 
I 
I 

,." 

().'~ 

~ ..... 

'Iii> 

E.A~.Blind Trial and Detectability 
~ 

Summary of Results -- Whole Blood 

7oi:al D.J~ 
ACi:ivi-.:v T·o"'al ~.~- 1. C ___ ..:;..;... .. ""~X"t ..!3rI'ect Incorrect Inconclusive 

500 Ng. 28 26 :2 

250 Ng. 2 

125 Ng. 28 
"r 

13 8 

No Activityc 
, 1_ 

,'--

--. ' 

4 

:~--------------------------;)-------------------;..--------------------------

500 Ng. 28 24 

250 Ng. 49* 32 2 t 12 3 

l25 Ng. 21* 12 6 :3 

C 

A 

M 

S 
T 
A 
R 
C 
H 

D ):----------------------------------------------~-----------------------------u---

* Less 1 r~acer for 7 s~ains. 

t ACD hlood sa.'7l.ple losing 'A t 1.. d .:.Jan activity. 
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Stain 

4xO.S cm .. 
36 days 

25 days 
J..B days 

3xO.5 em. 
035 days 
25 cays 
18 days 

:0<0.5_, em .. 
36 days 
25 days 
18 days 

E~~ Blind Trial and Detectabi1ity 

Summary of Results Dried Stains .. 

-I 
'rota:l! Stains x '+ ,Correct Incorrect Inconc1\lSive cc,-;;,.;.., ____ .....,.._ 

,- i. '(S 

.: 

1 . 

,12 

8 
8 

12 
8 
8 -

.12 
8 
8 

,ii' 

12 
8 

1 ,! 3 

5 
5 

:2 
'+ 
'+ 

4 

'+ 
6 

1 
1 

1 

1 

a 
2 
2 

.'~Y 

9 

... - 4 

-
-- 8 

3 
:2 

'+ 
:2 
7 

No Activi!y 

.J 
'4 

8 
'+ 

... -
B 

2 
1 

1;<0.5 em. 
36 days 
,Jffi days 
..fa days " 
---------------------------------------------------------------------~-----

4xO.S c."ll. 

36 days 19* 9, /I. 
" 

2S days 
c:: 6* 6 / 

18 days 6* 6 ~ 
/I 

3xO.S Oil. 

36 ~ays 12 12 
i" ,,..-

25 days S 8 

18 cays 8 8 C:/·' '--
a 

'0.!--

" IF"' 
2xO.S em. '" 
36 cays &2 ~i:{:;; -- 0-

2S days 8 e -~. 

__ '0 

IS days 8 ~8 -
lxO.5 011. 

36 days 12 11 1 

25 day,s 8 B 
3 

18 days a 5 
, ,,0 ,,'" ' 

.-------------------------------.---------~-----------------------------_ ... -
ic !.ess.1 re2ldez:' for '7 stains. 
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Suire 4040,pii.;L 'En/onT Pla:a. S. W .. WashingTon, D.C. 20024, Telephone: fl02} 484.5500 

3330-RCS-77.107 
July .21, 1977 

.~ 
'.;',\~,: . 

Mr. Jean Bordeau 
Beck.lnan Ins truments, Inc. 
Advanced TechnologYPivision 
1630 South State College Place 
Anaheim, California' 9'2~06 

Dear Jean: 

Enclos ed are the official mil1utes of the Bloodstain Electrophoresis 
PrQgra~~Review that was held at the White Mountain Research Center, 
Univer~jty 'OJ. California, Berkeley, 20 June 1977. ~:j 

Please disregard the draft copy which was sent earlier a,S it included 
several omissions. These minut~s reflect the information that was 

'1 

presented at the meeting.' . 

I, 

Ii I can be of any ~\urther aSsistancJ, please do not hesitat\~ to call. 
',~\ . , 

\~Sini: er ely, 

\, '''I ;() (' /" 
A~ v.J ( ~ .J-f~,~-4) 
"~~r:.:;o~' Shaler, Ph. D. 

[0 \nSiC Sciences 

Enc!osu:r e \ 

:~~.t:::m~~.A.~ __ .~,,-_~,......._' .:... 
« 
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BLOODSTAIN ANALYSIS SYSTEM 
MINUTES OF MEETING WITH BECKMAN/BERKELEY 

20 JUNE 1977 

The meeting ?las called to order at 1 :; .. 5 P. M; (Pacific Standard 'Time) at the 

White Y.tountain Res(~ar,ch Center, Un~ersity of Calilol;'nia. 

Attendees: The A erospace Corporation 

G. Denault 
S. Derda 
R. Kennel 
Q. Kwan 
G. Roberts 
R. Shaler 

Beckman Instruments 

J. Bordeau 
L. Morgan 
M. Stolorow 

, J': Walsh 
B. Vlraxall 

Equipment Oothnization 

'Gniversitv' of California , 

Berkeley 

B. Del Ray 
G. Harmor 

Mr. Bordeau discussed the progress regarding equipment 9ptimiz~ron~ The 
, ' 

nanophore was not used during this period because of its, removal irom the 

laboratory by NASA. The r eas ons lor the removal of the equipment was not 

known. and its retuJ."n to the labora to~y is expected within one month. The 

other items of equipment: the Multizone and Shandon units are being used 

extensively; the G;radipore apparatus has extreme limitations in these studies. 

S\"ste~ l!soenzv::1e) Cotimi:z.ation , . 

Fresh Blood 

Mr. Stolorow presented the results to date concerning the optimization the 

is oe!lzyme sys ternS. 

1. _~ schematic was pr es ented (A ttachment 1) which illustrates 

the rationale being us~d in order to elirnbate ine!~icient 

efforts ::-egarding the use of the different substrates or 

equipr::etlt. The flow dia~rams show that various sucst'rat~s 

(acrylamide, starch or cell~lose acetate membrane (CAM) 
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will be investigated with each system. The system which gives 

the best :esu!:s wi~h a pa::ticular substrate will thei,:\ be studied 

with ~lind trial results, and detectability lir.:lits being used as 

.?,. elec~ion c:ite=ia. Tr..es e studies should then cermit a decis ion 
~ . 

"-.' 

to be bade regarcling the acceptability of one or more substrates 

for each systerr... Once the optL-ni::a:iop.. for each system on a par-

ticular su"'st::-at' e (s) l"S d""t' "".,........,: ... ed .. I.- e a . ..... of . _.,.. '" ...... ., ........ -' ,"';1 pproprl.a~e hem equl.p"' 

ment will be 5 elected. 

An u?c.ate ::cha=-= was pl' es ented (Attadunent 2) which shows th\~ 
J 

progress regarding the opti.r.nization of each system on the 

diiierent subst::-ates. The chart illustrates that all Group I 

systems a:.-e still being evaluated. The ':ollowing pre-liminary 

conclusions have been arrived at since t..\;.e previous progl"am 

:-e,:.iew: 

A. ,P Glv! , E..~P, Es D ha · .. e been eliminated i:-om ac=ylamide. 

This elL'":lination is due to both theoretical considerations 

and ex?er'L":':.ental :'esults. Th,e results showed that ac::-yla

r:lide severely i:::.b.ibits the en::"fme activit~,es of these sys

tems. 

B. GLO has been tentatively elb.inated on CA~.because of 

'::loor :' es olu~ion of the bands. 

c. r::'e (iC?-bove syster.:::.s a:-e a.lso being i:::.vestiga,ted on a.gl'a:ose 

gd. 

D. Gc =..as been el~inat~d O'll s:a:-ch 

E. The pos s ibility oi doing Hp and Gc si.":'lulta!leously on an 

ac;,ylar.r:.ide is bebg bvestigated~,_ 

:E"or the Group I! syste:::-ls, A!:<, ADA, a=d G?1' are still in prog:-ess. 
<':i 

POD has been -elimi.:l~ted for statistical reasons, and while._G?T is 

potentially a valt::.able system and can be detected i!l !:.-esh.blood, 
o 

Of t'::e Group ill sySter;lS, GSR, Hb, and C6?D have been eli.-:lbated. 
';l) 

.----------~ .. ----~--~----. 
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:F our>Vieek Old Stains 
\ .. 

", .. ;he'::-e;;;u!ts discussed above for fresh blood are generallyapplitable to,dried 
. \ .-,. ... 

"'-~tai:::s. The'exc:eptions ar e tha t the s'tudie s involv.b:fg "i'crylamide will~-.:'b't be 
I 

initiated with dried blood until wet blood optimization results are compl~ted. 
I 

l .. s with fresli blood, OLO has b~en e~inated from CAM. GPT gives liE:'" 

reliable results as mentioned above. 

Blind Trials 

~r. W::-axall discussed the results obtained from bli'nd trial studies of ESD, 
, 

E.ll:.P, and POM. The researchers have conclud~d that the multi-system 

I analysis as discus s ed in the Statement of Workc-ls th~b.os t important and most 

difficult aspect of the research. ·They decided that certain substrates w.ould 

ha ve to be eliminated so that the multi- system analysis w~Jk can be completed 

efficiently. The following is a sum:mary of the preliminary blind trial con

clusions: 

ESD It i.5, difficult to distinguis.h between th~c, results obbdned~:: 
:?;.: .. ."~." .;:::;::-.:.".--

-, ¢. ::.'# 
on C;:AM and starch. However" anii!apparent ge:ne.tically 

ilnpos sible variant wasobs erved 'ilbn CAlvI as': .. !.. p~i~'6f,-: 

~. EAP 
c_ 

C 

c·' '-li 

" 

c 

i·, '-""""-' , 

the OCJP program. It was re-i~~vestigated,.oi~'-i;.".~~:stl~:( 
!i ' "" ':<ii, 

and found td be a 2~ 1 phenotype. Repea.r.eciaiialys ~s On .. 
--'- -:../ ..... ,;; 

starch and '. CAM showed the same resuHs.,:;;The original 

handling of these samples (£:r'om Hawaii) ff~'not known.""::.." 

The inability of EAP to completely separate the a1and b 
'···c-;--. 

. bc;nds during eolectrophoresis with C~~-M ha~ bee?Ifroted. 
'Ij. ", ~ (. -" • 

This presents a potential pr oblem fo.r.tP.tstyping 01" 

obtaining inconclusive t"esults. ThIs p~obl:m wa1 re

flected in the preliminary blind trial results .. 

':.::. 

The PGM system suliers from the same basi~=.DrobleIn 
- •. > .~-_.< ~ ~) ~ .. ~:l·~·r 

. .;:~s EA.P. The band c bands are inc:omoletely~se::larated 
,.~.~:-~71 '~.. o~ • 
.. 'on CAM. Potential mlst¥ping and inc.<;nsisteptresults. 

,- ' 

II. 

J.W1 .. : .•. .1 , 
'1 

; 

!':".a y be cota bed. The L'1:: or.:; ple ~ed blind I::-ial 5 tudies on PGM to 

t; cate tend to s\J.?por: this c onch.ls ion • 

~1ulti- S','S tem A:lal ys is 

?:- eli.r::1lnarys_tudies cone erning the s imultaiieous analys is of several sys terns 
~. 

. 1 subst~'ate have been continufng ahead of schedule: on a .Slng e ... 

o Various combinations of POlY1, £AP, ESD, and 

GLQare being investigated on starch and agarose 

gels. 

o Hp and Gc are being investigated on acrylarnide AK 

and ADA combinations are feasible on CAM and starch. 

Ha zardous Ma terials_ 

The list of hazar,dous materials sent to Mr. Bordeau, by Mr. Roberts was 

reviewed. The discussion was ~·e~~r:..~e_~· aro?E~."!a.~r~1.ng~~?e,,e·~~nh.i~ru~~~.:~~

oi"this resear-t:h .. ,about the potential hazards of the materials. The Berkeley 
,>,. 

laboratory i~ aware of these materials and will be careful with their uS.e. 

,..;...," 

Mise ellaneous 

There were--'5everal concerns on the part of the researchers and custcnner 
1> 

which were expressed: 

\' 

.'";; " 

1/ 

o There was discussion regarding the interpretation of the 

Statement of Work. It wascag::-eed that ,the 'spirit of the 

Statement of Work was to get equipment and procedures 

5 et up that would be us edby crime labs rather than just 

::1eeting the letter of,:the contract. 
.• /1 

o rt was discovered tl'iat two complete nanophore units are 

not available. Th;, origina~ impressi?n of both Beekman 
i 

and .Aerospace wa,:S tha.t two l:mits were fabricated by NASA. 

The removal of one comolete LU'lit left the resear.ch oroject . . . 
without a functional nanophore. !t is ex?ected that the 

r eturnedpo.;lthin one month. 
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Ac:ion Items 

There are problems in the visualization of PGM. It 

is believed that the cause of these problems is due 

to faulty reageIl,ts. 

There was speculation and questions concerning the/ 

best item of eq\:ip~~nt to be us ed i or completion 01 
tli'e Stater;~~nt of-oWoik. These questions a:ose be::' 

caus e of thetma~ailability of nanophore. 

/ 

Additional res'dlts have shoW!!. that the clarity of results 
" 

are a di::-ect relationship to the si.z;e of the...sample spotted 
f 

(for CAM) o.r insert'ed (Ior st;a..rch). 

Aerospace will determi:ne the reason for the' t:Lllavailability of the nanophore 
.. -:. . .:;:::;;'-~."~~ 

u:nits f:rorn. the, la.boratory by NASA. 
() / 

AE'':'eeoe:!:.ts (.J . 

t't .. 
0 

'.;;;JII' 

C\ 

0 

a 

The only acceptable end prOd1.1ct of this research is the 

de\i)elopment of a system (s) Which will benefit the 

, crime laboratories. 

Blind trials will be repeated using nanophor e 

Equipoent selection ca.n.:o.ot be ~ade until all 

research includi:ng system optimization and multi

syst;em. analysis is completedl 
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Al Schedule 

13., Tasks ComiOleted 
,; J: 

!I ( II. IsoenzY'me OptimIza.tion 
A. Blind Testing 

" 

B. OptirnizaticJn a~nCJ' 'Of 
.. rocedures 

ell.,Subst:rate Sc.reeni.ng 

D.<., ··Slinulta:.teous f~ 1 ' 
.... na ys lS 
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Equipment Status 
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IV, Haza.:dous Materials Repol"t 

v. Future Plans 
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~ 3330-RCS-77_11~_ 
~ August 2, 1977 

~ ~'~ 

Mr. Jean Bordeau 
Beckn)~n Instruments, Inc. 
Advarrced Technology Divis ion 
1630 South Sta te CoUege ,Place 
Anaheim, California 92806 

Dear Jean: 

Enclosed please find the agenda for the Tuesday, August 9, 1977 Program 
Review ~eeting. (, 

I. ~ 

'IKe expect to arrive in San Francisco around 11 :30 l\. M. and it would be 
convenient to have the meeting start at 1:00 P. M. 

RCS:pl 

Enclos~Te 

cc: L. Morgan 
M. Stolorow 
J. Walsh 
B. WTaxa,ll 
~ Gl'unba urn 

B. Del Ray 
G. H?.;rmoor 

SincerelYt 

~i:jt?f£~ 
f{ // 

ROvett't C. Shaler 
D ir e~':t or (). 
Forens'it: Sciences 
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13 I::Cl,j\1i\N'~!B EIU,I':LI::Y BLOOD 1';LI';C'l'HOPIIOlt \·:SIS I IHU<iHJ\ M It 1·;V I I'~W 
'" A (j 1':t,'llJA 

" AUGUST 9, 1977 1 :00 P. M. 

This-program review tcpresqats perhnps lhe most im'porLanL lhus lar. 

and c:oncTf;te de.cisions must be made rcgarcHng the sclccUon of substrales 
- I: 

for the genetic systems being considered. These selections must be 
" . 

correct since the successful and timel), completipn of this research and the. 
,,' 

future utility of thl'! systems which are developed have to benefit the crime' 

laboratories. In order to make these decisions all the relevant data must 
- ~.~ 

be put int.o perspe'ctive and 'reviewed simu1taneous~y. Thus ail conclus ions 
'i 

made regarding the future direction of this program must be substa.ntiated 

by an in-depth presentation and discussion o.r the data. 

System Optimiz.ation (S~lection of Candidate$ a~d Substra"les) 

Tha substrates, CAM, starch, acrylamide anci agarose will be discussed 

1\ 
! I 

\ 

for each genetic system in all thr ee prio-iUy groups. All relevant tes t data. or non

,~.test logic must be presenled which den/onstrales the suHability of each par-

ticular substrate for each genCe~!c system. The daLa should domopstrate con

clusivel y the reasoning bebind tne s elections to tremadc. 

The results of both blind trial ,pludies will be presented and discussed in 
( 

order toas ses s their meaning, validity ,and utility in selecting spe.cific sub-

strates. 
l.r' 

All original c.latzl'should be avtLllable it') case qurtstions 'should arise. 

i\lulli.. SV 5 tem A naly si s Conc ept (System DevelopllHmt) 

n is expeclcd that the scJcclion of BubsL/'utes will lw.vt: been made wi.Lh multi: o. 

system analysis phase of Lhe research firmly in rnillcl. Thus any data which 
1) n 

has been oblained regarcling multi-system concepl cl.9:--~'clopmC!nt wilt be c.liacu$st'd 
.~. 

1lrom the viewpoint of the chosen systems anct~~\,.thstr3.le5. The discL\ssion will 

concentrate on the choice ofsyslems for sim~lltaneous analysi"S!~ the rationa!'e of 

~t~e a pproa~h be Ing used, 'the techtli·calJeas ibi.1ity of tb e 0,= onc::ept a;d the praclkality ~ 
c~{ the developed concept in crime laboratcries.~' " 

(; 

1..") 

() (, 

iftl; .;~;;·fJf;~}ff.;.i~~f.~;·~~;~i·~,; .. L~>"' ,:r)/.':~~:;':'\L..l;.'·""l i' f~~~.i·~"~_.,f~~3itt::. 'S',"" - '. ~ '_.' ~ •. ~~._._.r,-~---._~< .... '.-'~"- .. --. ,..-" . 

( ) 

o 

o 

. . ' 

T Ii. E A.E R 0 SPA C E COR P 0 R A. T ION 

,~$.r!1/~ ,~040 •. 9SS L 'E,n!ant 1'111:f1, S. W., k'a$hingtoll, D.C, 20024., Telephone: (?OZ; 484-5.500 

3330 .. RCS-77 -025 
.0\ u gus t 1 7, 1977 

M;r .• J ea'n Bordeau 
Beckman In,? truments, Inc .. ' 
Advanced Technology Division 

,"1630 South State.:::CoUege Place 
Anaheim" CaU£ornia. 92806,/·" 

Dear Jean: 

Enclosed are the official minutes of the Bloodstain Electrophore~is 
Program Review that was held the,,\Vhlte Mountain Research Center, 
Univers!ty., of California,-' Berkeley, 9 August 1977. 

(] 

These minutes reflect the inlormatioll that was presented at the meet
ing. 

If I can be of any further as:;;istance, pLease do not hesitate to call. 

r 
RCS:pl 

Enclosures 

- <-.~,,- =:::= 

': .. ,. 0 

S~nc erely" 

9~e,iL~ 
Robert C. Shaler t Ph. D. 
Director 
Forensic Sciences 

;~ 0 
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PROGRAM REVIEW MEETING 
ELECTROPHORETIC BLOODSTAm ANALYSIS 

BECICM .. i.\N/UNIVERSITY OF CALIFORNIA 
9 AUGUST 1977 

Beckman 

J. Bordeau 
L. Morgan 
J. Walsh 
B. Wraxa.1l 

Unlvers ity of Ca lii'ornia 

B. Grunba,um 

PROGRAM OVERVIEW AND STATUS 

c 

The first portion of the meeting Was devoted to a formal presentation by 

D 

"J. Bordeaux "On the current status of the prog~am1 (see attachments). While 
~ "J. ,>; \\ 

, much of the material had been presented over the course of previous rrieetings, 
- ::) 

" the presentation served as a concise "history of the effort and accomplishments 

to date and detailed future plaps for' the upc~ming system development phas e. 

Salient points of th e pres entation a~e summarized below: 

SYSTEM~DEFINITION 

The syE-te~ ce!inition phase of the progTam is on schedule and will be concluded 

by 1 Septe!"!'lbe'l' as/originally plannetl~ The blood constituents selected for develop-

=nept yield tbe required l! 200 discrimination 'index. By continuing efforts con,.. 

ducted diT,ectly on this program and previous efforts of the researchers, the spb-
'" 

stl'ates accepted to date aTe starch gel, cellulose acetate" rq;embrane and a:'cryla~ice 

gel. Methodologies to :run the various ccmntituents,on these substrates have been, 
if • 

defined. The testing protocol a,nd results of blind trial tests run on £AP, ESD, 

anci PGM were presented. 

! 

" 

1 

, it 

,,·1 

.~ 

,=. 
,-~--,.~ -~~ : :':;·;:';;;:-.;:~t-·or-;;-::;:j'",'.1C!t""""..,·,,,, __ .... , '_""~'<rn ,\.,.,~.".,,=.:o;-.·"'..;;r.m"'~,'-;y:~~ ' .... ,....,~,.,-'··~ • ..,.··'U;-0·"..'·'<-<I~"' .... --i7'<"·- -r·-·"-T-'"'"'" ,.""; .. ~.- ,~-"'.-""';-' -'":;~-;.,:"-" ..... ,,.,...)"'; ",-.-,'",.'7.'",",_~-<::: •. _,_."" .• _~;"".< ............ , _ ....... .,.......uiMJii·· .. - -, ~w~W··ij·Ui·Ii~-·-

.~ 
,(.~ 

'." 

;, 
;/ 

A summary of the Sys teth Definition work performed th~s far is as £ol1o~rs: 
'" 

59uivalent 

ESD 

PGM 

AI:< 

Starch Gel 

OLOI 

EAP 

ADA 

CAM Acrylamide 

Gc Hp 

Current conclusions indicate that a 1 :200 discrimination proba:bilHy is achievable 

as is the requirement for use of no more than three (3) setups. Interpretation of 

results by experienced readers is unequivocal. however aids ma'Y' be required to 

as s ist crime labo:!."atory technicians. 

S:t:\TSITIVITY ANA LYSIS 

" 
A yery brief' pres entation was made regarding s en~,itivity analysis (i. e. I that 

sampl~ level"at which unequivocal interpretations can no longer be achieved), 

how eVe:t' , it ,!?"as decided to delay any further discussion of this subject until a 
"' .. """"'"' 

future date"'; 

SYSTEM DEVELOPMENT 

'\~crk on the system J:eveloprr:.ent portion of the program"W.i11 begin as scheduled 

on 1 Septembero This eff-ort will O"Onct::ntrate on cq,mbining compatible blood 

constituents to p:'Jinimize operator efiort~ timer and cost. 

~; " 
Aiterthe form.al presentation was ';9n~ludedr each of the .selectedblood consti-

... .. .,~ .. - /; " 
.; 

tuents was dis cus 5 ed individua!1y with·A er ospac e pers OlUl·el reviewbg actual elec-

trophoretic plate~ arid photographs with the researchers • 
,', 

Some preliminary work hasbee.o done on multiple,s:ystem opttmizati,on and results 

appear to be encolll"agi!lg.Multiple $ystem optimiza.tion-'will bepurslled in depth 

dur:'ng the system development phase of the program. 

o 

,.». . ~ "\~.too{ ~;;.\"'.;.,:~""",;t·l .. "':<" • . ~ .:.~ .~~--±>-----~.-.... ~'":"""~. -~~-",-..'~."" 

') 
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1-10-77 Ii \~;9-1-77 

~~TEM DEFliHTI.ON 0- SYSWI DEVELOPMENT 
12-1-77 12-10-77 

II, ;c,!! \ 0 FEASiBILITY 
:1 

START i! 

DEMONSTRATION l~STS 
\i-., 

c. 

:! 
ii II 
:1 

~1-10-78 5-10-78 

·-;fJ 

7-;10-78 

-0 
II ' 

----1-0 C,W1E LlIB DEMONSTRATION TESTS 0....:-.-------
II " '\ 

FINAL 
REPORT, ',' 

SUBMITTED 

II ~, 
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SYSTEM DEFINITION . 
G ~ .1 

1 . 

• SELECT CONSTITUENTS 

• DEVELOP METHODOLOGIES 
\ i 

.~ SELECT SUBSTRATES 

o 

" 

• • • 
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CONSTITUENTS CONSIDERED 
o 

,fROM STATEMENT OF vJORI< 

IIEMOGLOB I N.I Hn 
lIAPTOGLOBIN J lip 

GROUP SPECIFIC COMPONENTS 
\ 

GLUTAMATE PYRUVATE TRANSAMINASE) GPT 
RED CELL AC I D PHOSPHATASE., EAP 
PI-IOSPHOGLUC0f1UTASEJ PGM 
ADENYLAFE KINASE) AK 
ADENOSINE DEAMLNASE) AbA 

, til( 
PSEUDOCHOLINESTERASE (E2) J PCE Ct:2) 

C', 

6 PI1OSPHOGLUCONATE DEHYDROGENASE.,· 6 PGD 
GLUCOSE 6 PHOSPHATE DEHYDROGENASE) G6PD 
ESTERASE Dol EsD 
PEPTIDASE A) PEP-A 
CARBONIC ANHYDRASE 

,,,," 

\! II" 

.ADDITIONAL CONSTITUENTS CONSIDERED 

Ai1YLASE 

URIDINE PHOSPIIOKINASE 
GLYOXYLASE I 
GSR e 
BIS-ALBUMHi 
TRANSFERRIN 

CERRULOPLASf11 N 

ALPHA-l ANTITRYPSIN 

, 
, .. ~".~,_-,... ~·"'i""'""-'_ .. ·· - ",,", ~ ~'. -.' ..... ~.,,--"" .. - ... ~,--.... -. _. _>l ....... '_'" ... _'*'n_IIItM! __ .. 'I1lHIIIt\_~~y'_ ..... _~=".~_~'.'M>.#-,.~',..~"' .• "_ ...... ,"_ ..... '.-'~ •• ,.' ....... ,_.~, _'_ ... '~. 
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RATIONALE FOR SELECTION OF CONSTITUENTS 
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o.~ CONSTITUENTS SELECTED FOR DEVELOPMENT" 1 (. 

o 
.~ , , 

! 

BLOOD CONSTITUENTS ., 

HAPTOGLOBIN" tiP / 

GROUP SPECIFIC COMPONENTS 
'\ 

RED CELL ACID PHOSPHATASE} EAP 

PHOSPIIOG~UCOMUTASE.t PGM 
t) 

ADENYLATE KINASE} AK 

ADENOSINE DEAMINASEJ AD~ 

ESTERASE D.. EsD 

GlYOXYlASE I 
'-,' 

,,~ -.;: 

o DI 

0.39 

0.45 

a. 35 

0. If? 

0.82 

0.82 
'- () 

0.69 

Ot33 

l) 

I' . 
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""II> 
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0 
u 
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n 0..' 

o 
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METHODOLOGIES 

SEPARATION TECHNIQUE 
~'\. . 

ELECTROPHORES IS - '{ONSTANT pH 

" ISOELECTRIC FOCUSr.~" - GRADIENT":"lt 
~ . 

CROSSED ELECtROPHORES1S 

IDENTIFICATION ') 
() 

SPECI FI C AFFINJTY STAIN ING - FORMAz,AN 
. - StARCH I ODI DE 

,~ 1 MMUNOLOGI CAL REACTION ~ " 
IMf1UNOFlxATrJN - ANTIGEN/ANTIBODY 

G 

/ 

o 0 

, .. 

. " 

'>' .,J 
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-'-.::.: 
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VOLTS MI\ 

EAP 250 1.5-3.0 
o 

PGM 200 0.2-2.0 

EsD 200 1.5-4.0 

, 
c' 

~.{ .' 

AK 300 1.jl 3.0 

ADA -'1 250 0.5-2;0 

Gc 

-~ ,-- ""r" , ~ _., .. 

CELlUlOS[ ACETATE METHODOLOGIES! 
. " . - ~ . , 

o 

dJNDIVtDUAL AN/\LYSIS) I 
U \/ '." 

TIME (~1) 
«1 IN) POS VOLUME MEMBRANE BUFFERS TANK 

. 
pI! 

50 3 .50 1~5. OaOlSM TRISODIUM CITRATE 
o I O1'31~M SOD I UM PHOSPHATE 5.9 

60 

60 

;;::",-;r,:_ 

45 

,,25 

20 

D.IM TRIS 
O.lM MALEIC ACID 
o I DIM MAGNES I UM CHLORkPE .' 7 tll 
O,'OIM EDTA CDISODIUM SALT) " 

II \,25 1: 20 

1 .50 1:7 

O.lM TRIS 
O.1M MALEIC ACID 
OaOIM MAGNESIUM CHLORIDE 
a,OIN E1)TA CDISODIUM SALT) 

7 ., • 25 ~~ LUT/ON o. OIllM PHOSPHATE .. 

D 3 .25 1:15 o I 01~1 PHOSPHATE 
" .~ 

1 ~25 :NO Q,0372M fR I s' , 
. DILUTION Q.29M GLYtINE 

7.4 

6.25 

6.5 

8.4 

!I 

1 
> 

<l 

" 

'0\ 
'-:"1. 
, "I 

\l . 



"Wi • ...", " ...... ---'-. 

r,'··· ': . 

"r· " 

" :! 

a • '::,', 

o . 

EAP 

PGM 

EsD 

AK 

';'~ 

'';:A':_ ,~ ~~;;"-"":;:' 

i~".\,,\ II 

" GLO ... I I 

r.:~\:l TIME 
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STARCH GE'~ METHODOLOGIES 
f! 

GEL 

1:100 

BUFFERS 

TANK;:,D> 

O.2QM SODIUM PHOSPHATE 
D.ISM TRISODIUM CITRATE 

TRIS 

pll ' .-----

115 16 1:15 MALEIC ACID 
EDTA 

300 ,2 
" 

250 

60 16 

Job 4 

\ 

TRIS 
CITRIC ACID 
BORI CAe I D, 
LIOH 

SUCCINIC ACID 
TRIS 

1:10 

MGCL2 

BORIC ACID 
LIDI' 

CITRIC ACID 
NAOH 

O,lM PHOSPHATE 
NA 112 PDq 
NA H PQ4 " 

0.2M PIIOSP'HATE 

7.2- TANK 
714 - GEL 

4.9 - TANK 
5.0 - GEL 

6.5 

6.8 

~-

,; 

.' 

',J 

7.,,\ 
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ACRYLAMJOE GEL METHODOLOGY 

T I ME ( I-t 1. ) (:_ 
01INY pas VOLUM~t 

16 HRS ( ~\ 1-5 
\ , ii, ,-
, \ 

.. 

GEL -
DUFFERS 

TANK 

O.076M TRIS BORIC ACID 
- " 

O.005M CITRIC ACID 
(.: 

• 
f1 11: ",' 

GEL 8.6 
TANK 6.6 

.. ; , 
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SPECIAL METBOnOlOGIC CONSIDERA liONS '-\~, 
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':':~, 

~'I 
"-\", 
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., CHLOROFORM 
':.? 

@GLYCEROL 
-:;. 

-EAP 

CI EsD 

CROSSED ELECTROPHORESIS - G~/Hp 
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SUBSTRATE SELECTION 
v 

SUBSTRATES CONSIDERED 

STAHCILGEL 
::{ELLULO$EACET 'HE ME~1DRANE 

ACRYLAMIDE GEL 
,,~,,~ 

AGAROSE GEL " 

" 
CEllO GEL 

D 0 

AGf\R 
SILICA GEL 

SELECTION" LIMITATION 

MOLECULAR SIZE SEPARATION 
CHARGE SEPARI\TION 

ELECTROPHORETIC MOBILITY 

',r 

.. -

SUBSTRATES ACCEPTED -: 

STARCH GEL 
CELLULOSE ACETATE MEMBRANE 
I\CRYlI\MIDE GEL 

~-

I 

I 
I 
I 
I 
j 

! 

: . .i 
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BLIND TRIAL TESTS' 
. . 

PURPOSE 

TO DETERMINE RELI\TIVE ACCURI\CY OF PHENOTYPING UNDER STANDARDIZED 
CONDITIONS .. -

\ 

PROTOCOL 

$ LOT SIZE - AT LEAST 10 STAINS 
(e STAl N AGE - 4 YlEEKS-~-Ml N I MUM 
e READER - 4 OR MORE \~HEN POSSIBLE 

. ~ 

• 

'C. • SAMPLE USED - 25J11 STAIN ON CLOTH AGED 4 WEEKS (DIVIDED EQUALLY) 
EQUIPl\1ENT USED: 

- SHANDON-STARCH 
- MICROZONE-CAM . . 

" 

;~ 

~~ ":..:, 

I· 
i 
; 

() 
o 

. " 

" 
~-.~'': 

'. 

0" Q 

---

, ;".' 

0, 

." 
o. ., c 

~) I 



:;.,. -.. -.---~~'~'- - - - -----

,i' 

'r",',',' 

r 

il.' 

~"', 

J 

\\ 
I, 

!:..~~r:-

."":"'J;. tl 
r:::::., 

\1 

I'? 

II 

• 

;;" 

;; 
:; 
" fl 
l' 
'-n 

" 

" 

'.',' 

• • • 

BLIND TRIALS' 

SYSTEMS TESTED:; 'bEAP: ESD: PGr1 

NU~BER OFoTRIALS EACH SYSTEM: 

i \~. ~l 

EA? 

ESD 

PGM 

STARCH GEL 

2 

2 

1 

o 

c CAM 

2 

3 

1 
, * , - ... . - ... ~ .. -~ 
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HESULTSOF BUNil"TR!ALS • FINAL READlNG~ 
< <:::, 

< 'SYSTEiV1: EAP 
-.! if· 

STARCH GEL CAM 
1.' AGE OF STAI NS if IIW~ 4 HKS f I',", 

2, NUMBER OF STAINS 
\ 15 31 

3. NUNBEROF READERS ~. 

4 ··Jt ' . 0' 

4. TOTAL NUMBER OF' READfNGS 64 109 
S, NUMBER CORRECT 

.:;-

"::-'::,.. 

.. " 

64, 
-'-::...--" - 106 

~-::::- "'"':~" 

6. NUMBER I NCORRECr* .-:::;\~~ 

0 
'~'.',-

3 • ...Lt. 'e. 
I 

7. NUMBER QUESTIONED 0 3 

-,~ , 

8. VAR I AN TS"'ocPftf;Sf NT 
,,,JI'~---=' : 
'"1 

,'-, 

", ,-
~ 

2 2 
(Jl ~~~ 

Ll 

\; ."" 
*ONE " READER II ~ " 

2:' 

"\ 

I) 

--~~~~~ .. ~ ~. ~.-. ~~~-~---.... 
~ ~Iur 

I I 
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4. 

5. 

6. 
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RESULTS OF BLIND TRIALS as FINAL READINGS \ 
c , 

" 

\ SYSTEM:~ ESD , 

STARCH GEL 

AGE OF STAl NS 4 WKS 
NUMBER OF STAINS 16 

\. 
NUMBER OF READERS 3 (~ 

TOTAL NUNBER OF 
(~;;~.~~yl 

READHtGS; 48 
"~7:. 

NUMBER CORRECT :;-; 
::;:",', 'D LI8 }) ,. -,;).-

.,;,.~) 

0 ,s~ NUMBER INCORRECT 0 

NUMBER QUESTIONED ~7 

:?..;:. 0 

VARf/(NTS PRESENT 2 
I_I 

I 
l. ... t 

\;.; 

o 

";t 
c ~.!. (.t:- (:,:-,;::;::- V ~.~ Q 

":-;:C "::;;~D 

--

I. 
--'," . --I - ~ 

-'",- ,. 

• I' 

',J 

XAM 
" "'-

f, 

4 HKS 

15 .. 
J~-;:::-; 

5 c 

75 

75 

0 
-:;;~ 

(i 

2 

2 

.-.J 
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: RESULTS OF BLIND TRIALS .. FINAL READINGS SYSTEM:PG~n 

1. AGE OF STAINS 

2. Nur~BER OF sTitrNs 

3. NUMBER OF READERS 
if. TOTAL NUMBEF OF READINGS 
5, NUf~BER CORRECT 

6r~d ~UMnEn INCORRECT r' '.. Q 

" 
". 7. \ NUMBER QUEST I ONED q? 

8. \vARIANTS PIlESENT 0 

; II I:i 

II 
, II 

j 
I,' 

& 
STARCH GEL 

4 WKS 

16 

4 

" 64 

64, 

0 

1 5 

3 2 1-1 J 1 ... 1 

~ ~: 
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SENSITJVITYANAL YSIS .' 

.OBJECTIVE: 

1,\ TO DETERMINE SIIMPlE lEVEL liT WHICH UNEQUI~OClIl INTERPRETllnpltl 
CANNOT BE IICHIEVED I.· \ / 

'\ 'L;! # ~., 
,I I' t.' r;' ;1 

I! . ,,-,", , l' 
i!:;C' l 
I' .' ;1 , 

25 M I CROl HERS OF BLOOD 'Mil Y BE D I FF I CULT TO LOC/ITE ( ESPEdi ALLY 
c,"':, I , ii I, 

ON CLOTH J N (j, J) R1ERSON 'OF SUSPECT --r: G ., FROM FIN ~ SPRAY M. 
" ", ,;C'" ,,'.: , lb '/1 ' BLOG'D' )' "". (>,) 

RATIONALE FOR REQUIREMENI= 
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SEN3-ITIVlTYANAl YSIS reONIn) .-

r-? 
~;" 

ANALYTICAL CONSIDERATIONS: 

o 

ep EFFECT OF GEOMETRY ON RESOLUTION . \ . .... DILUTION EFFECTS l11TH EXTRACTION 

~ CAPABILITY FOR RELATlvk QUANTITATION 
/: ..' 

,'",-., 
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SENSITlvrrV ANALYSIS (CONTD) 

METHODOLOGIC CONSIDERATIONS: 

~ ANALYSIS MUST B~£ERFORMED ON ALL~YSTEMS USING ~-WEEK 
STAINS @ SEVERAL (EoG,) ~) DECREASING LEVELS 

- .' ,. ~" >;~;; 

'\ 

• SUFFICIENT ANALYSES MusT BE PERFORMED TO ALLOW 
INTERPRETATION OF RESULTS 

G SAMPLES Sf/OULD REPRESENT ALL PHENOTYPES TO REVEAL 
DIFFERENTtAL SENSITIVITY PROBLEMS 

C:;~. 
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SENSITIVITY ANALYSIS leONTD) , 

PROGRAMMATlt CGNSIDERATIONS: 

'" J lIVES Tl G/\ T ION OF SENS lTJ V lTV PARAMETER REPRESENTS 
DIVERSION FROM CRITICAL PATH . 

'\, , 

I,; 

. e INVESTIGATION '10ULD REQUIRE SCHEDULE RE[IEF 
" (: 

• INVEST 1 G/\ T ION \10ULD HAVE TBD COST IMPACT 
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SENSITIVllY ANALYSIS ICONTO) 

o 

RECOMMENDI\TIONS: 

.'. ,-:-j DELAY JNVESTlGATlONS.UNTlL· COMB I NATlON TRIALS ARE .. 
COMPLETE 

\ 

,. OTHER FACTORS MAY BE FORCING "FUNCTION. 

,. NUMBER OF REQU I RED ANALYSES MAYBE REDlJCED 

(0 MfNIJ1IZING COST AND SCHEDULE IMPACt 
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SUMMARY OF SYSTEM DEFINITJON 

EQUIVALENT 

EsD " 

PGN 
AK 

STARCH GEL 

,- GLO 1 
EAP 
ADA 

YIELDS UNAMBIGUOUS RESULTS 

, . 
CAM' 

Gc 

" 

ACRYLAMIDE 

CAN BE DONE HIHL1ESS THAN 5 MANHOURS OF EFFORT IN 18 HOURS '.~ 

.:~C;;.;~ 

,1CHIEVE 1 IN 2~O{t PROBABILITY OF DISCRIMHtATION,,_, 

.i:;· 

,,'~ 

') 

(J 

. ' 

o 

. ~'( ,,-,-

r~:: 

~;~~..dj.~"~,_..,.. __ &t._ .. --.,;., ---' ___ "'_~._'_1iI_;r ._~;X!_" iW_sr "~_''fI'IiIIri''''wtW'~~~.~~'~~~~~~''''*~''''{~_:-~ ___ ''''~''''~~_'',"-l'_j_, . ';- .:::,. 

--r, 

• 

\~', 

,.", 

;:.-. t; 

.jI 



fP 

,,~l 
4\ 

V~t.? 

) ! 

"" 

r 
:;:. 

II 

II '. 

i , , 

, 
.:;:;; '.::::. ~'G-:J 

'\,' " 

, , 

s " 

'\ 

. ,.; ~ ,; :; 

:'! 

:::::-'-~:: ... ~::: :-::=:::c:,:::::=:::::-":~-(:C;t'!:::,::: :::::::::::::o:::,:~~2;,:,=c;*",~~ .~::~;': ~":::, c:::::=.:':~~-::::: :~::::~:'::::-::=:-:::::::::-::--=*:;:':::::::-:::::"'-::'~':':'--:":" -:::':"":-~.:"'-:--:: __ ' ::--:::,,:,~:,,~ ," _::::,~ "":~' .~_::":_::_""-,,,,~,,,-,,- ."::'~':" _:-.:"",,,-:~~- r,_,>,'''-''~~'::-
"b ri' 

CONCLUSIONS ~ SYSTEM DEFINITION 
'I 1, 

'" ' 

c· 

{b 1:200 DrSCRIfrdNATION POTENTIAL IS ACHIEVABLE 
o 

; 0 INTERPRETATION OF RESULTS BY EXPERIENCED READERS rs UNEQUIVOCA@; 

j' A IDS MAY BLREQUi RED TO ASS r ST eR I NE LfIB HORKERS _ f k.rl.. '/I'-"I'Lt.... .:etc ... , 
, C-o REQUIREMENTFOR USE OF NO MORE THAN 3 SETUPS APPEARS ACHIEVABLE 

,~< 

,~ i 
o SYSTEM DEVELOPMENT EFFORT CAN BEG I N VI lTB hn GH DEGREE OF 

' , Ii, 
CONFlDENc~' \ ". 
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PLAN FOR SYSTEM DEVELOPMENT 
,- (~-, 

~- : ' . 
~,I ,-" ' 

-PURPOSE: tl O/t.'1 
CONBINE SYSTE~1 TO NI:tHMIZE OPERATOR EFFt:fT., TIME.I AND 
EXPENSE 

~ ~-

REQU I RES,: 

PROBLEr1: 

, I~:)i 

COMPROMISE QF IDEAL CONDITIONS FOR ANY0SU~IGlE SYSTEM 
1- " ,Ii-t 

. Ii ~_., ~, , 
~ 

DETE~~lINE HUETHER ANALYSIS AT LESS THAN OPTIMUM 
CONDITIONS yi1ELD5 ACCURATE PHENOTYP'ING . . 

~. 

"':;' 

, . ", .\~ 
'1.;,,'<:1 
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PLAN fQI~SYSTEM DEVElOPMENT leONTO] 
;~> 

SELECT MOST .eROBABlE COMPATIB~E SYSTEMS 
.'.-" :\ pH 0 

BUFFER COMPOSITION 

VOLTAGE: 

EMPIRICAL INVESTIGATION v/ITHIN THIS RANGE TO DETERf1INE ABILITY 
TO AClI,IEVE UN/\NBIGUOUS INTERPRETATION 

I,. fl 

PROTOCOL:' PRELU1INI\RY STUDIES" - WHOLE BLOOD 
':",' '. 

Ii 

,;.. :~::,~~~' 
,' .. ~. 

CONFIH~1ATION STUDIES - BLOOD STAINS 
,~ 

c 

INTEGRATION ott' CHE~lISTR~ AND HARDNARE 
HARDHNRE SELECTION" .' 

-'il/~Rmv/,nE DEVEtOPMENT . 
• 1..") 
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THE A E R 0 SPA C E COR PO R A 11 0 N 

' .. , 
S;U~ 4040. 9.5j L '£n/iJlliP'!o;fJ. S. W •• kior/;inliOf!. D.C. :iOU]1, it:l"phont'; (202i:.f84.5,SOO 

3330-RCS-77 -030 
1 7 O~tober 1977 

}.·~r. Jean Bordeau· 
Beckman Ins trurnent,s I Inc. 
Adva.nced Technology Division 
162,0 South State College Place 
Anaheim, California 92806 

Dear Jean: 

i::~ 

Enclosed are the official minutes of the Bloods tain Electrophoresis 
~ '. .. .• j.. '?ii.: 

Program Review that ,\vas held at the \Vhite Mountain Research '(ren-
ter, Unive~sity of Calif,ornia l Ber~~eley, October 3, 1977; ... 

~ \' 
These minutes re.f1~)ct the information th~~"was presented at:rthe. 
meeting. If I Can be of any further ass~:i~tance, please do not hesitate 
to call. . \\ ,l 

'-".-

Enclosure 

!} 

1',":1 Sinc;.e.r·dy, 

(~M~ ('.sL~ 
Robert C. ~Shaler. "Ph. D. 

I) 

.~11 Ef:'::./ O,r(rrfJ<nit, l£r-:Flc)t1' .. ,c • II 
""'t~., ::","j. ....... rQI.«.;:u.,t1o aovt...;i''t'f''Q t\. ~tG",-""Qe .c:"'~,jfJ""".!~ 
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.~ t~endees 

PROGRAM REVIEW MEETING 
ELECTROPHORETIC BLOODSTAn~ ANALYSIS 

BECKMAN/UNIVERSITY OF CALLFORNIA 
3 OCTOBER 1977 

--, 

[) 
;i:rcspace 

~c. ' 
Beckmlfn University of California 

.t 

O. Denault 
s. DeraCl 
Q. K",,;~n,~c 

R. Shaler':) 
" 

J. Borde1t;u 
L. Morgan 
J. Vlalsh 
B. Wraxall 

PROGR.-\M REVIE"VIT • .1\ ND STATUS 

B. Grunbaurn 

The System Development portio\of the over,all program begall as scheduled 

C!:P 1 September ,~977. Based on the work )?~rfor,frled during the System 
.,.,;J (,»::~~l f /' ,--

"De:t},;nition phase and the Statement pf )\",o'rk ~'!quirements calling fer no 

more thaD three (3) electrophoretic;?s;'t~,bps, the major thrust of the System (, 
. 0 

DevelO,pment eUo'rt will be the intensive further development of the starch/agarose 0' 

substrate. This substrate was se'iected as it shows applicability to the 

1a rge st number of s elec ted 
,\. 

mu~isys tern analysis. 
"'. "'. 

cons tituents and also shows good potential for 

SY$TE:V1 DEV ELOPMENT' 

~\) 
Cor~inn2tion Tests " .. -. ..... -~-. " I~," { . 

, . • ~ '. 1(" 

A s~;':es of test.s have been c\ nductedWhkh cOl~irm the resultsobtabed 
',< \\ 

) . 

'::,-, in the :DUnd Trails conducted ~uring Syst.~IJ? Definition. These tests 
II' .' 

o' .. ,we re performed using system\~ and fuethcciologi~'0s dt:veloped during 
" I, 

\ , 
0

1 

\ 
0; \ 

; ~ 

Definition. 

IJ" .. 
, ) II· 

II 

H ,I " 
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2., 

"~,, 

Si:nultaneous Analysis (SeT1al Separation) 
~., 

;::, 

Selected constituents havt: been grouped for further development and 

preliminary results are as follows: 

o 

o 

Group I - PGl-.l, EsD, GLOI: high degree of confidence 
~. ~. 

for use as a practical systenl 

Group II ... EAP, AK, ADA: EAP a11d AK ~re acceptable 

now with a good probability of including ADA 
,. \ ,. 

o Group III .. Hp, G c; cODsidered possible, however con-

) sicerable additional work still required 

.~ .. 

.. 1;'\, 

3. Sequential Analysis (Parall~l Separation) , 

4. 

,,"hile results obtained to date include good probability that program 

requireP-1e!Jts can be met using the ~imultaneous analysis system, de ... ' 
sc:dbed above. effort is also being directed roward the d~"\-elQPmetit of 

. ~ 
~ .' 

a system utilizing sequential analysis. 
IL " 

:This effort will be continued 

until such ti:ne ast"he simultaneous analysis system has been fully 

developed and the potent\iaI for system!comp:rornises h,~~ ~p.en eliminated. 

Details of the coniirrna'~t&ntests, simultaneous ?.'Pd sequenti;{l analy .. 

ses are contai~~d"ih the attached handout which was presented at .the 
.;;/ 

r.::; e e ting .?,-",C'.'?<' 

£ot:~Pr.: ent Selec tion 
.' 
:~~~. 

=,~ S e'C"·i.:.~on results obtained to.' da te, possibl echoic es oiequipmen t hav~l,) 
>~;~~,{. . - ~ ..' 1i 

b.ef:!'l feE;;ntified and availability and pricing data on the potential equipment 

has been collected. Final equipment selection, however, is system 

ccpendent. 

FE:A.S~BILl"rY D;;"Z\.10:KSTRA T ION TEST PLAN 
-- -." ......... ------

Ee&k.man wilt:o~Fbmit to Aero!?pace a draft Feasibility Demonstration Test Plan 

c::.::~-,d::b"g t'heirproposed plan for the content and conduct of the test~ 

of this croft plant however, the folloWing ~g::"ee~.e.ats 

. reached • 

/' 

.~.: 

f I 

'~'.; 

. 
• 1 

o 

' .. 

o 

o 

To establish Beckman~!Berkeley confidence in the reIeree\\methods 

and laboratory chosen by Aerospace for the Feasib'l'" D'" ,.? ',.. 1 hy. emonstra-

tion. Test, fresh blood sample,S will be analyzed by ~oth Beckman 

and the referee lab prior to ~\ctualte.st. ResuHs of this fresh 

blood analysis will be compared tod eter"""l'ne l'f d' . 
- , . U~. • lscrepancles exist 

d :'[' 'If \ 

ap tne reasons for any ctttcrepandes
o 

I-' 

Aerospace will obtain the cloth for the sam~les to be analyzed at 

the F ea sibility Demons tra tion Test irom U(e Berkeley Laboratory. 

Samples to be analyzed for the Fea sibilit~ Demons Cratio:p. Test' will 
!' I. 

contain no anti-coagulant. 

.CRL1vfE L6..BORATOR Y DEMONSTRA. TION TEST PLAN; 
----

Beckman.will submit to Aerospace a dl·ait Crime Laboratory Demonstration 

Test Plan containing their proposed plan for the conduct of the Crime Labora_ 

tory te .... ~,Hng, portion of the program including tr''''l'Ding th d t b 
' '-' - me. 0 S 0 e employe.-d 

for the four labs chosen to participate in the test." 

Draft copies of both the Fe:~,sibi1ity Demonstration Test Plan a:rld the Crime 

Laboratory Demonstration Test Plan will be SUbm.l'tted t A 
> 0 erospace by ~,4 

Oc lober 1977 .. 

As stat~d abo\·e. 
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MAJOR TASKS · SYSTEM DEVELOPMENT 
1. RUN CONFIRMATION TESTS 
2. REVIEW SUBSTRATE SELECTION" 
3. R'EVIEW SYSTEM VARIABLES v 

ESTABLISH GROUPS,OF CONSTITUENTS ON:". 
" 

<.' 

STARCH '. 
CAM 
ACRYLAMIDE 
AGAROSE \ 

4. ESTABLISH LIMITS FOR PROCESS VARIABiES' . 
pH, .. 
BUFFER GqMPOS ITI ON 
SEPARAT I ON T I ME;;:" 
SEPARATION DISTANCE 
VOLTAGE/AMPERES. ' 

" . 

.. ' 
\ 

. I 
• I 

!, . 

:. , 
, . . 

'I /, 

5. REVIEW DATA AND SELECT COMPROAISEVALUES FOR THE PROCESS VARIABLES' 
FOR EACH GROUP OF CONSTITUENTS 0 

6, RUN A SERIES OF TESTS WITH EACH GROUP TO '[DETERMINE ABILITY TO" 
ACHIEVE ACCURATE PHENOTYPING 
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CONFIRMATION TESTS 

NUMBER OF . NUMBER OF 
STAINS NU~1BER OF READERS/ 

CONSTITUENT ANALYZED VARIANrs 'READINGS 

EsD 7 

PGM 7 
c 

EAP 7 
AK 7 
ADA .~. 7 ' ..;-~. 

GLO-I 7. 

~c 7 

UP 7 

~::;~'> 

, 'C· 6' 
'it . . ~,=:;. 

3 

3 
~5 

1 

2 

2 

3 

3 

4-28 CAr~ 

4-27 STARCH 
!J 

4.}28 

tl-2K 

,; 4-28 

4-25 .~~ 

1~4 
4-27 AGAROSE 

'0 

,'4-20 (STEP 
GRAD)" 

. 1!-22 (CONT 
GRAD) 

-

NUMBER 
QUESTIONED 

CAM STARCH 
{f 

1 0 

,1 

·2 

o 
o 
o o 

1-0 . - \ 

t.:' 3 

o 3 
(AGAROSE) 

3 2 
( ST EP :rC-Ofh~== 

GRAD) GRAD) 

o 
::;-:.1. 

- d 
.- -- - ... " - ' •. " 

. . 

' .... , 
" ': .... , :-.',' 

." 

t NUMBER' I NUMBER 

l.·n 

CORRECT INCORRECT 
CAM STARCH CAM .~STARCH 

28 

28 
-28 

28 

27 

19 

of 

. 

C.-· 
2'-1 0 3 

--

28 0 a 
28 "'~ t,,· 0 0 
(]~~~=~.~==--~ ~ -~.;:;:.:.- :. . 

L~f 0 0 

28 1 0 

: 24 1 

24 0 3 

22 1 " a 

I 

I 

p 0 

o 
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STAIN 
-ID 

5 
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7 
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12 
13. 
14 
15 

STANDARDS 
.~_., USED 
\._, ~, 

r.:;', 

o 

EAP 

BA 
B 
eB 

.llA 

B 

B 

SA 

B 

AA 
BA 
BB 
eB 
CA 

" 

,~:, :-::::.:.'" 

~ ... ,\.~,_,-;i "~r-IY.'-""'''' ,..- -', '" 
,,<, •• !J~ __ ._ .......tt 'U _ . 

CONFIHMATION TESTS . " 
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CELLULOSE ACETATEs,:' 
I - ; •• ! 

" ACRYLAr1I DE 
PGM 

2-1 
1 
1 
1 

1 

2-1 
1 

1 

1-1 
2-2 
2:"1 

,EsD '~ AI< 

1 

1 
1 

2 .. 1 

2-1 
1 

1 

1 

1-1 
2-2 
2-1 

1 

1 

1 
1 

.1 

1 

r 
1 

1 ... 1 

ADA- . Gc 

J 
1 · 2-re 

2-1 
; '~~i',-"o 

2-1: ,
Ii 
I~ 

!~ 2-1, 
iI 
II 
" Ii 2 ... 1 

.1-1 

1 
1 

2-1 
2-2 
1-1 

o ~ • 

BECKM I\I~ 

--,.1-:-,:-) - __ _ 

Hp GlO- I 

2~1 

. 2-1 
o ? 

. , 

2-1 
'2-2 ,' .. 

2-1 
(, 2-1 

1-1 
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STAIN 
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7 
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12 
13 
14 
15 

STANDARDS" 
USED" 

" 

'.qjJ 

EAP 

BA 
B 

CB 

BA 

B 
cB 

BA 
B 

\-:;1 

BA 

\ 
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CONFIRMATION TESTS I~ " 
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STARCH THIN LAYER------~ &-

EsD 

1 

1 /' 
\ ,~ . 1 ' ~~ 

.2-1" 

2-1 
1 

1 
1 

AK '\ 

\ 1, 

1 ()~ 

!I 
I' 

1 
1 
.:L 

1 It 
,) 

1 

1 

1 

1 

ADA Gc Hp GLO- I 

2 ", 

2-1 .. 
iIt-:. 2-1 t 

2 
11 \~:J) 

2-1 . 
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RATIONAtE FOR SELECTION OF STARCH/AGAROSE SUBSTRATE 
-, 

BLIND TRIALS '--
DEf1iONSTRATED NEED FOR MORE~lHAd' ONE TYPE OF SUBSTRATE: ,;~~Ar'1J 

II STARCH) ACRYLAMIDE ST'jLL UNDER INVESrleGATJON.'~;'j';:,v 
1/ 

\, 

REVIEW OF SYSTEM DEFINITION SUMMAR~ 
~ 

STARCH GEL SHOl'/N AS APPLICABLE TO LARGEST NUMBEH of 
\~ ~, 

CONST~IUENTSt I 
t, 

MULT I SYSTEM ANALYSES REQUI REMENTS ;' 
'- ...-...-'" 

"" 
,;THREE SUBSTRATE LIMITATION IN STATEt1ENT OF WORK. APPEARS '. Q 

MOST LIKELY TO BE MET WITH STARCH/AGAROSE. 
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SUMMARY OF SYSTEM DEFINITION · 

l:OUIVALtNt' atAI<cH GEL 
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• ' I 
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AliA Ak 
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If 
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. 0 

(I 

pH·5.0 5.9 

I 0,\ 

CONST! TUENT AK EAP 

SUBSTRATE STARCH 
pH 5.5-----+6.3 

., 
0-''''- '_._ ~:': ~~.: .• ~' ~~_o·, .. ~ ___ ."::_ "::;~,~' ~.. ~ ___ ._" 

•• • • • 

CONSTITUENT GROUPING 
6.8 0 7.4 / \~' " ~ . / ...... \ 

, . 
.' ADA GLO EsD . PGM 

\ 

AGAROSE/STARCH 
PH' 7.tl 

, . [) 

. . j'. 
8,'3: " . 

I ... 
Hp 

ACRYLAMIDE 
pH 8)3 

on 
: t 

, . AGAROSE/STARCH AGAROSE 

~ 

:-":::(;;~:., .0 c.:~Q 

a 

pH B.6 

OR 

CAM 
pHB.3 

.-

8.6 
, 

Gc 

\\ 

. 

I ,. 

. COMPLETE COMPLETE COMPLETE 
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SIMULTANEOUS ANALYSIS DEVELOPMENT 
':, " -

GROUPS TESTED: 
~. 

I. PGM, EsD" GLO-I 
2. EAP) AKJ ADA 
3. HpJ Gc 

4. PGMJ EsDJ AK 

SUBSTRAT,ES USED :}'~ 

:.1 t GROOP r ~ STARCH/AGAROSE . 
2. GROUP r I - STARCH 

" 

• I~ 

3. GROUP III - ACRYLAMIDEJ AGAROSE 
\ 

4, GROUP IV - CELLULOSE ACETATE 

NUMBER OF EXPERIMENJAL RUNS MADE: 

1. GROUP I - 65 0 

2 .. GROUP 11- 4-7 

.. ~? . 3 t GROUP 11 I - 32 

" 
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SYSTEM DEVELOPMENT PROGRESS " 

.. 

GROUP I: PGMJ-E~DJ GLOI 

C"l . 

• SUBSTRATE - -1% AGAROSEJ1ITH 2% STARCH 

G 4':'1~EEK"JlLD STAINS HAVE BEEN CORRECTLY TYPED 

& RUNNYNlf TIr1E REDUCED FROM 4 HOURS (ON STARCH) TO 2 TO 3 HOURS 
~ d 

- .-- \ .'" 
$ IMPlrOVED SEPARAT I ON OF "GLO AND EsD (} 

.' . _.: • 0",," c' ~;." (\~. 

'-e"'SEPf\AATION" DISTANCE IS 6 TO 7 INCHES, 

ii' CONT I NU[~JjcVELOPMENT TO 

.. ' - DEltRMINE LINITS FQB,8t40lJNT OF STARCH 
.;//Y - OPT"ICf1izE GLO REACf1'5~~ MIXTURE 

- OPTI~lIZE EsD REACTION BUFFER 

e- HAVE HIGH CONFIDENCE, FOR PRACTICAL SYSTEM 
" 

BECKMAN~ 
o 

o 

" 

.' 

. " 

i 
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r SYSTEM DEVELOPMENT PROGR£S~ (CONT]," \,~ .. 
/1' 

o 

GROUP II: EAP; AK~ ADA 
c 

6 SUBSTRATE - STARCH NOW, EVENTYAlLY AGARO!M:/STARW OR AGAROSE . 

.• SIGN I F 1 CANT I f1P ROVEMENT iN EAP>PHENOTYPES 

• SOf1E IMPROVEMENT IN A~ PHENOT--¥rQ=--=" 
, ", (J 

e ADA SEEMS TO REQUIRE SLOH ELECTROPHORESIS TO OBTAIN GOOD 
,~ REACTION 0 - il 

. . 
• AK AND' tAP TEND TO OVERLAP: NAY MISS AK I 3-i YAR I ANT" •. 

. 1, • INDIVIDUAL ENZYMES HAVE nfFF£.BENT SENSITIVES TO REDUCING 
, AGENTS ,::;~';j;;:" ='~~'_=_~"~"" 

" SEPARATION DISTANCE IS 6 TO 7 INCHES 

• EAP AND AolLARE ACCEPTABLE NOW; HAVE GOOD P ROBAB I L rrVOFO 
INCLUDING ADA () 
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SYSTEM D~VElOPMENT PRO~RESS (CO NT) '-' 
. ' .-

GROUP I I I: ,Hp J Gc 
;, ( .::-

-THESE CO}JSTITUENTS ARE THE MOST DIFFICULT TO COMBINEJ EVEN THOUGH 
.If ,,- '~ BOTH ARE PftOTE INS! . '~ 

'" 

a ANT I GEN-ANT I BODY CRQSSED ELECT~OPHORES IS SEPARIlTESGc WELL BUT 
~ ... ONLY MARGINALLY FOR Hp. t· 

tl ACRYLAMIDE SUBSTRATE WITH Hp DEtECTION WITH 0-TOLIDINE AND Gc BY ~ 
" \ 

IM~1UNOFJXATION SEEMS MORE PRACTICAL THAN~AACE. 
Q ;;c 

o ,WITHSTArfr~~QN ACRYL~~1J DE" EXCESS Hb TENDS TO MASK THE" VARIANT 
,,' BAND I NG l~:~ '-, . 

t' 
If '. 

II 

e THIS GROUP IS STILL CONSIDERED POSSIBLE, BUl WILL REQUIRE MUCH MORE 
WORK. A DECISION AS TO ITS PRACTICALITY WltLfBE MADE NO LATEff THAN -,', 

NOVEMBER I. jj": 
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SERIAL SEPARATION 
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SEQUENTIAL TESTING .. SINGLE CELL 

HANDS ON J 

ORDER OF ANALYSIS 

SA~lPLE PREPARATION 

PGf1 

EsD 

AK-ADA-EAP 
(S I MULTANEOUS) 

GLO-J 

SUBSTRATE 

CAM 

CAfv, , 

CAr~ 
\, 

CA~i 

AC RY L~~'IDE 
GEL il! 

" ::::::. (MIN) 

15 ' 

15 

15 
.. /((; 

25 

/ ,30 

Hp-Gc ACRYLAMIDE 35 
(SIMULTANEOUS) GEL 

TOTAL TIME (MINUTES) 135 " 
(2 HRS 15 MIN) 
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ELAPSED TIME 
'" (MIN) 

15 

75 . 

60 

150 

120 

. 480 

,_ ~:t( 6~JlRS) 
~)::T' 

, \.-;' 

1/ 

If ( 
1/ ;-:. Q :g 0 

Ij ;-.,;; .. ~~, ". 

II 

)J 

I Ii 

,.;..--.l 

~~---



:;,.:----,-~, -.~ .... ~----'. ---

r r 

" . 

~':!".::.. 

I 
1 
i 
i 

o 

i " 
1 

, ' 

EQUIPMENT SELECTION 

\;::::.;, ;~f) 

COST CIMITATION - $6000 CAPITAL INVESTMENT 'v il 

./ 

TRADEOFFS INVOLVED IN EQUIPMENT SELECTION 
" 

1. SERIAL SEPARATION VS PARALLEL(' ~ ,~ 
-' 

2 t SIMULTANEOUS ANALYSES VS,REPEATED 'SINGlE' CELL 
\. ~'D 

POSSIB~E CHOICES OF EQUIPMENT 
,.;;-" .-

1. MOD I F I ED ~1I CROZONE 

2. NANOPHOR 

3. SHANDON 

4 .MUL T ICELL C9::, 

5. MUL T I PHOR - LKB j NSrHut~tNTS 

" 

J ..1 
t, . i 

T 
~ 

. ~ .. B.. Efj_._ .• , .. 1l 

\ j ', :" 
...;..

----~--...;...----.-----------.........;.--,-." ._ •• ,-'" _' __ a _.,11_1, _U _n ··ll_' __ ftlWIf_U* __ O'._" _If _I _-''"**'*'''~"l'~ ;' i q t i Q "1.~'l!l!l'frr ••• " ".(f t Jr. , -~---. 

~ I I:;' 

~. " 

.. 

.-r' 

I] "; 

/I 

_--.1 



r-
1 .' 

o " 

ij 

o 

= 

. \-:'" 

!! () 

1;9 

( 

o· 

Gr 

() 

-.-,. '-:J 

, " 

o <) 

o 

'~':" • .". ... '~."".- ...'::.. ~ _e • __ ._ ". , -ii- w 
:- .. -:;;-~ 

-~--", 

FEASIBILITY TEST PLAN 

"sow HEQUI REMENTS - CRITERIA - ACCURACY 
DEGREE OF INDi;%IDUALIZATION 

'\ RAP I D I TV .,,' 
COSTS 
CLARITY OF READING 

. " . , 

ACCURACY - ACCURATELY. lDENTI FY THE CONSTITUENTS IN A MINIMUM (} 
OF 90% OF THE UNKNOWN STAINS 

.. 

DEGREE OF INDIVIDUALIZATION - 1 IN 200 

. RAPIDITY - 5 MANHOURS EFFORT IN 24~HOUR PERIOD PER STAIN 
COSTS - NOT TO EXCEED $25 PER ANALYSIS 

CLARITY OF READING - SUBJECTIVE REQUIREMENT TO BE DEFINED 
\I! ' 

NUMBER OF STAINS) , 
NUMBER OF TESTS ) ~ ~1ANHOUR LIMITATION--64 HOURS 
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EQUIPMENT AVAILABILITY 

~ 'I. .. 

MODIFIED MICROZONE - NEEDS COOLING PLATE 

NANOPHOR - NOW LICENSED FOR MANUFACTURE 
~ 

3. SHf'NDON - tOM~iERC I ALL V AVAl LABLE 

4. MULTICELL - BECKMAN HAS SCHEDULED. A PRODUCTION 
'RUN ~, I 
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" 5 • r1ULTIPHOR .- CO~lNERCIALLY AVAILABLE - EXPENSIVE 
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