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,ABSRACT 

~e Bloodstain Analysis System project was initiated to 
. .determine whether existing principles of electrophoretic 

:separation of blood genetic markers .could be extended to 
~rovide increased capability for discriminating one person' 
from another with improved reliability,ease of analysis, 

"and with limited equipment. Candidate blood constituents 
were reviewed to determine which had the properties to 
permit their use to meet program objectives. It was de-' 
termin'ed that eight constituents wou14 be needed to pro
vide the required l-in-200 discrimination capability. The 
selected constituents were separated on various substrates 
~o establish individual optimum methodologies. 

-After these optimum constituent/substrate combinations were 
,~etermined, the potential for simultaneous analysis was ex
~lored. The eight constituents were grouped. according to 
,the pH at which they were normally subjected to electro
·phoresis. The three 'groups are (I') GLO I, PGM, EsD;" (II) 

"-ADA, EAP, AK; and (III) Gc and Hp. 

:, -Many iterations using differing analytical conditions were 
·· .. Tequired to develop the procedures that yielded the quality 
~f results necessary for forensic laboratory use. That 
.~development objectives had been met was shown in a Feasi
b~ity Demonstration Test, using unknown samples of dried 

--.bloodstains. A training session was then held with cl.'im-
, ~nalists to demonstrate the capability to transfer the 
'~echnology to others. Field testing at four participating 

'-crime laboratories demonstrated the utility 'of the Blood-
. ' 'stain Analysis System in the working crime laboratory. Thus, 
..... all contract requirements have been satisfied. 
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This work was performed under subcont,ract W-67854 "i"'s'Stied by The ~ero":' 
, '~pace Corporation, under prime contract J-LEAA-025-73 •. The' project was 
, initiated in December, 1976, and completed in June, 1978. This project 

was part of a program of the National Institute of ~ Enf.orcement and 
~Criminal Justice, Law Enforcement Assistance Administration, U.S. De
partment of Justice, " ••• ,to 'encourage research and development "to im
prove and strengthen law enforcement." To support this objective,' an 
Equipment System Improvement Program was established v.i.thin the Insti-

.. tute to promote the development and testing of new or improved equipment 
anti procedures. 

The specific goal of this project was the development of improved 
methods for the electrophoretic identification of blood genetic markers-
,the bloodstain analysis system. To provide strong'techni'cal support for 
the project" B~ckman Instruments, Inc., subcontracted to the University 

,. -of California at Berkeley to utilize the White Mountain Research Labora
tory facilities under the direction of Dr. Benjamin Y. Grunbaum. Two 

-Staff Research Asso~iates supported Dr. Grunbaum 'at the laboratory: 
Gary C. Harmor, and Benny Del Re. This work was done under subcontract 

·'::iiilinber Z-847905-G. In addition to the technical support of Dr. Grun
baum, Beckman retained two criminalist consultants recognized as expert 
in the electrophoretic analysis of blood stains: Brian G. D. Wraxall of 
.the Metropolitan Police Laboratory, London, England; and Mark D. Stolorow 
~of the l>1ichigan State Police Laboratory. 

After approximately nine 
longer required, and the 
inated,at his r~quest. 

. pettod ot performance. 
Aer~space Corporation. 

months of work, Dr. Grunbaum's support was no 
University of California subcontract was term~ 
A report was submitted by Dr. Grunbaum for this 

A copy of this report has been forwarded to The 

The subsequent work, including final development and feasibility testing 
of the Bloo~stain Analysis System, and train~ng of criminalists in the 
use of the system, wa~ performed by Wraxall and Harmor using Beckman 
laboratory facilities in Anaheim, California. . 

" ' 

Personnel from ~everal crime laboratories participated in demonstration, 
tests to show that the system,' as developed, could be transferred from 
~he development laboratory to the working environment of the crime 
'laboratory. 

~heir e~~erience with the system in their own laboratories generated 
'suggestivns .for further methodologic improvements and simplific~tibns 
which h3\"e been incorporated. The individuals and their affilia.tions 
are: 

" 
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,MS. Frances Gdowski, New Jersey State Police Laboratory , 
Mr. Terry Laber, Minnesota Crime Laboratory 

, ,Mr. Stephan Schliebe, Los Angeles County Sheriff's Office 
. Mr., John Wegel" Georgia Bureau. of Investigation 

. "'Mr. James Kearney, Fede':;-al Bureau of In:vestigation 

.-...Robert Shaler, Ph.D, of The ,Aerospace Corporation offered valuable 
"8u$gestions throughout the deveiopme~t phase of the project. ' 

: . • 
·'We wish to acknowledge the contributions and 'support of these indi
·viduals and their organizations • 
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SUMMARY 

... ',. 

, :The purpose of this work was t!!'- develop ·~:.e·~ir and imp::oved prqcedures for . 

'-rapid, low-cost electrophoretic identification of blood gellet:i.c markers. 

~e advanced methodologies and e~uipment were to be demonstrated, 

tested, and delivered as a Bloodstain Analysis System. This was to be 

h f · ti • nt or modifications thereof • . ·,achieved through t e use 0 eXl.S ng eqUl.pme 

, '. 
" . 

Pr~gram goals were: 

• Reduce analyst skill requirements 
" .... Reduce analysis time '. . 

• Reduce cOlliplexity of interpreting results 
" , 

• Provide for analysis of old stains (four weeks) 
'. Achieve a discrimination probability of one person out of ~o 
··hundred 

• "The plan ~or achieving the program goals was based on improving existing 

technology for ele~trophoretic separation of blood constituents. Candi

:date constituents were rev-iewed for inclusion in th.e sy~tem using-the 

discrimin~tion index and chemical stability as primary criteria for 
• selection or rejection. 'No previously unknown enzymes or proteins 

were discovered for use with the system. Only one constituent not on 

the list of constituents, in the statement of work--Glyoxalase l--was 

suitable for use. Our review of the blood constituents showed it would 

be necess~ry to use eight to obtain the discrimination capability of 1 

in 200. Simultaneous electrophoretic separation would be required as no 

,;, mo;re than three setups were to be used. 

; It was not a goal of the program to develop new equipment; it was ex

pected initially that some variation of the Beckman Mic;ozone~ cell 

wo~ld be utilized. The maj~r thr~st of the program was satisfying 

"-method/procedure development. The program requirements depended to a 

• great extent on the substrate used during, the e1e~trophoretic separation. 

• 
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Various substrate materials were investigated. The system required a ' 

'minim'Ul!1 of eight constituents ·to provide the l-in-200 discrimination 

~pability; it was found that no one substrate material was satisfactory 

.for all of them. " , '," 
.,0' •• 

" .... ", 

"rbe candidate substrates were evaluated using "blind trial" tests. As 

a result of these tests, and the subsequent development of simultaneous 

,analyses, it was found that cellulose acetate mem9ranes (CAM) did not 

yield satisfactory separations for a sufficient number of constituents 

to use them as a, basis for our system~ Our hardware constraints re-

·quired separation of more than one compc.ment at a time. Therefore, 

~uhstrates offering greater potential for simultaneous analyses were 

:chosen for furthe~ development. The materials selected are: , starch, 

.. .acrylamide, and agarose~, . ' 

,:'JIaving decided' on the specific constitl1ents and substrates, development 

,~f methodologies for the simultaneous separation necessary to provide 

an integrated system was initiated. The methodologies were optimized 

" through repetitive tests with judicious changes in the controllable 

parameters such as pH, buffer ionic strength and composition~ voltage 

gradient, and time. 

.... 
,Accuracy of the Bloodstain Analysis System was demonstrated with unknown 

','aged stain~. Stains from two to four weeks 'old were presented for ident:1.

fication by The Aerospace Corporation. The accuracy requirements of the 

contract were satisfied. The results of these tests are presented in 

,~the Feasibility Test Report, Appendix A. 

" , . 
,.Following the Feasibility Tests, a two-week training program was con-

, ducted with forensic scientists. During this time» the new analytical 

'procedures were demonstrated and the scientists obtained "mands-on" ex

perience in the use of the system.\,)Subseque~tly, the system hardware 

• was shipped to four participating' crime laboratories. Under actual 

field conditions, it has been proved that the system could be used 
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successfully with case material. l:t was demonstrated that greater dis

crimination could be obtained with fewer manhours of ~ffort than was 

previously possible. This work is l;eported in the Crime Laboratory 

,Demonstration Test Report, Appen~ix B. 

'Simultaneous analysis of multiple constituents suggest~ that somewhat 

~'less than optimal analytical conditions for a~y single constituent might 

bave to be employed. Thus there was some concern that the conditions 

.n~cessa!·y for simultaneous separations would result in inferior results. 

This has not been the case; in fact, some separations are improv7d over 

those previously considered optimum. Some problems w~re. observed in the 

'~nalysis with PGM and GLO I, but these are attributed to the enzyme, not 

the analytical system. 

-'-Operator skill is required. It is necessary to follow tbe procedt;,res 

'Tigorously to obtain satisfactory separations. There are some minimum 

Tequirements for a technician if he is to absorb th~ procedural details 

~n two weeks of training. Sufficient expertise can be gained in a month 

to six weeks to use the system with confidence for case work. 

The program goals were met. Additional refinement is undoubtedly pos

sible, but it appears that the basic system is sound. 

.. Analyst SKill requirements are reduced as more detailed procedures which 

yield clearer and cleaner separations are available. Operator time is 

substantially reduced as it requires only about 3-1/2 man-hours to iden

tify eight constituents in as many as twelve samples including controls. 

, ., 

,Based on the discrimination index for a general population of white cau

~casians, the probability of discriminating one person out of 200 was 

achieved. 
.. '.' 

Four-week-old stains can be identified, but this, of course, can vary 
• ·depending on the storage conditions of a particular stain. 

• 
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.1.0 j;NTRODUCTION 

The over~ll objective of this program was to develop methods,. procedures , 

.and reagents for the improved electrophoretic analysis of bloodstains 

·and the demonstration of a Bloodstain Analysis System.' Technical re-

quirements were listed in th~ contract St~tement of Work. For refer

erice, these requirements are repeated in the following paragraphs. 

.1.1 Spee'd of Analysis 
. 

;rbe manpower needs for the procedure from receipt of the stain at the 

laboratory to the reading of the analysis results sbal1 not exceed five 

(5) manhours. Periods of time duri~g which operations proceed unattended 

-,are not counted for the purpose of the manpower requirement. The elapsed 

,:time ,for the entire procedure shall not exceed twenty-four (24) hours. 

, ' 

1.2 Skill Requirements 
.. 

The method to be developed shall be capable of being 1earned in two 

weeks and reliably used by typical crime labordtory technicians with 

apprcjCimately two years of college-level chemistry, including organic or 

biochemistry, plus one y~ar of applicable serological experience. 

1 .. 3 Hazard's 

"Reagents used by the method to be developed shall be nontoxic on skin 

;.contact or on vapor inhalation. They shall t' d d no ~ntro uce ra iological 
"hazards under prescribed procedures and 1 -current ypracticed applicable 

'safety provisions. Any deviations from the requirements established by 

the;Health and Safety Act of 1975 shall be justified and brought to the 

, attention of The Aerospace Corporation for approval • 

' . 
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~.4 Bloodstains 

, The method to be developed shall be capable of analyzing bloods taius 

found on a variety of commonly found substrates, such as textiles, 

, ,glass,. plastics, cement, paint, etc. 
., ',"' .. . ,. :",. 

The method used shall be capable of performing the complete analysis on 

.-stain sizes equivalent to 50 microlit~rs of fresh blood without const:l1lling 

1Xlore than half of the sample. " 
. , . .' ~:, 

The ~ethod used shall be able to verify that genetic markers identified 

... ttl. a. dry stain .can also be found in a sample of the same whole blood. 

keagent Charactaristics 
. ..~' . ....... .. , ;'", '. . -. 

. ikeagents required by the me~hod to be developed shall be storable at 

··laboratory freezer temperatures for periods up to six (6) months. They 

··shall be nonhazardous as de;:;cribed above. As a goal, these reagents 

'~hall be available from more than one source in the United States, 

"1:f t"equired, standards ·and methods of calibrating these reagents against 

--.tu<:h standards shall be provided. .. " ', .. ~~.~:.t.~-::" ,,~:;~ , ..... 

.' 

Discrimination Probability .. : .... 

ne electrophoretic analysis system deveioped shall be capable of 

~chieving a degree of discrimination probability oLone out of 200 

~andom1y selected individuals, using as a sample a bloodstain aged for 

four (4) weeks. ,-
-.. -, 

Analysis Ambiguity 

··the contractor shall reduce the ambiguity resulting from interpreting 

~n~lysis results so that a serologist trained intensively in this pro

e cedure for no mQre than two (2) weeks can clearly interpret those 
. l"esults. 

:FR-2700-101 
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1.8 Simultaneous Analysis 

" 
.', ~ 

... 
,,'-; 

", 

"No more than thre~ (3) electrophoretic setups shall be needed in order 

to run all of the chosen genetic markers simultaneously. 

' . 
.. 1 .. 9 Accuracy of Analysis . . 

'''The -requirement for accuracy or ~eli3:bility of det€;'.ction of the blood 

~onstituents selected by the contractor shall be no lass· than 99 percent 

at. the 90-percent confidence level. . This requirement shall be demon-

"strated during the Crime laboratory Demonstration Tests and shall apply 

;~n1y to uncontaminated stains. The actual reliability of analysis of 

contaminated stains will be det~rmined d~ring future testing. 

1.10 Cost 

::.me cost of analysis of a single stain using the method to be developed 

.~hal1 be no more than $25.00, including the cost of reagents, equipment 

'.amortization, and maintenance requirements. Jm.y equipment or instrumen

~ation used or modified under this contract must, when p~oduced for 

crime labora~ory use, cost no more than $6,000. 

1.11 Scope of Effort .. 
. 

To meet these requirements, the work was broken down into several tasks. 

1he first step was to review known blood constituents to determine those 

with stability and discriminating power adequate for use in this program. 

·.Tests were then conducted with these constituents to verify their persis-
(j' 

:tence. Eight constituents were selected for further wor~. Next, the 

~selected constituents were separated on variou$substrates to determine 

';'which combinations provided the highest quality separations. The level 

:of performance~7f these individual separations was evaluated by using a 
series of blind trials. 

• After a constituent/substrate combination had been established, system 

development was initiated. Here, several alternative ~pproaches were 
, 

available. However, schedul.e and funding con'straints would permit 

. 
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developing only one flsystem." It waG necessary, then~ to decide ()n 

-which approach we sho~ld concentrate our effort. One approach, strongly 

,supported by one investigator, was to separate only one constituent at a 

~ime and repeat until all eight' constituents had been identified. Such 

'·8 ,system 'would require short electrophoresis times such as provided by 

--eel1oulose acetate membranes in a Beckman Microzone-type eel!". While' six 

:-af the eight candidate constituents can be separated on CAM, our de

",velopment: work showed only Gc tc;> be satisfactory on CAM, while GLO-I, EAP, , 

.. !.B.Ild ADA either yield better r.esults or must be separated on starch gel. 

.J3ased on these results, it was decided not to continue working with CAM. 

Also, the contract limitation of using only three setups could not be 
) 

.,-met as there would have to be one setup for each constituent. 

'The three-setup limitat:i,on requires simultaneous sepaI:-ation. This, can 

,·,-be done with either a parallel strip or zone-type separation (described 

... and illustrated in Section 4.5). The ~one separation permits a much 

'.: "larger nuniber of samples to be processed in each cell than does the 

-~arallel separation. Also with parallel separation, the band patterns 

, ,at the edges of the strips are apt to be distorted. 

Based on both test results, and progra~ requirements, it was concluded 

-. 

that development effort should be directed toward zone-type' separations 

with substrates of agarose, starch, and acrylamide. Based on buffer pH 

·.as the most critical common denominator, it appeared that three constit

uents could be separated on each of two cells and two on the third cell. 

The final phase of development was the optimization.of the methodologies 

for the three groups. This involved approximately 600 trial separations. 

-With at least 15 controllable variables bein~ involved. it is apparent 

..that' iterations. c'auld continue indefinitely. A practical limit was 

imposed by schedule and funding constraints, but the accuracy of the 

system was proven through analysis of nUJlknown" bloodstains. Following 

~uccessful completion of feasibility demonstration tests, several for

ensic scientists were trained in.~he use of the system. 
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were then delivered, to par- . , and written procedures 
;rh system hardware Through the cooper-

e , boratories for field testing. 
'-!ticipating forensic la ' f the system. was evaluated 

the usefulness 0 . 
'.ation of these laboratories,. 1 tion final 

Based on this eva ua , t. 

: 't 1 casework cond'itions. .. ....... itten to present -under ac ua Reports were ...... . • 
de in the procedures • 

. adjustments were ma the Crime Laboratory Demonstra-
Its of the Feasibility Tests and Append.ices A 

. the resu 'luded in this report as 
These reports are inc . tion TestS. 

d B r espectively. ,an , 

.~ .. 

" 

.. 
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2.0 SYSTEM OPTIMIZATION 

. , , ..... 

" ' 

....... 

," .'. .. 

, 

.. ,~ 

,.-
. 

The first step was to consider all the known polymorphic enzymes and 

proteins to determine which markers~ if any, could be eliminated because 

,of .1ow discriminating probability or unreliable persistence in blood

stains. As shown in Table I, at leas~ fourteen gene~ic markers were to 

,.be considered for use. Many more proteins and enzymes show~ng polymor

'phism were also considered, most of which were eliminated because of 

,very low discriminating probability. However, three additional poly

-.""Dlorphic en~ymes merite~ serious consideration and w~,re therefore 

.included in the pool. These were Glutathione reductase (GR), Uridine 

-1llonophosphate kinase (UNPK), and Glyoxalase I (GLO I). 

! 

, 

. 'TABLE I.. LIST OF BroOD CONSTITUENTS (GENETIC MARKERS) 
THAT SHALL BE CONSIDERED (From Statement of 

Work) 

Hemoglobin, Hb 
Haptoglobin, Hp 
Group specific component, Gc 
Glutamate-pyruvate transaminase, GPI 
Erythrocyte acid phosphatase,' EAP' 
Phosphoglucomutase, PGM 
Adenylate kinase, AK 
Adenosine deaminase, ADA 
Pseudocholinesterase (El) and (E2), PCE 
6-Phosphogluconate dehydrogenase, 6 PGD 
Glucose-6-phosphate dehydrogenase, G6PD 
Esterase D, EsD 
Peptidase A, PEPA 
Carbonic anhydrase, CAlI 

The seventeen markers were divided into three priority grouping systems 

, (Table II). The first group consisted of six enzymes and proteins with 

good discriminating probabilities and'known to be reasonably stable in 

. bloodstains. The second group. consisted of four enzylnes arr,anged in the 

order in which they would be added to the first group as necessary. The 

. FR-2700-10l 2-1 
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~hird group consisted of se . , ,ven enzymes ana proteins which were 
':1:0 be completely unreliable or had very . considered 

1 . 
low discrimination probabilities 

n a combined population. These seven markers fr i 1 were therefore rejected 
. om nc usion in the final system. 

, , 

.. !."!l'ABLE II. SELEc;TION OF ~ENETIC MAR~RS 
- . 

• 

1st Priority Grouping Systems' 

System 

UP 
Hp 
PGM 
Gto I 
Gc 
EsD 

Discriminating 
Probabilities 

0 .. 35 
0.39 
0 .. 25 (0~47) 
0.38 
0.45 
~ 

..... -;. .... : ... 

.. 

IEF should be used 

-. .. .. 

Total 0.0040 (0.0075) = 1 .in 250 (~ in 133) 

2nd Priority Grouping Sy~tems ; .... 
> ' 

AX 
ADA 
6 PGD 
GPT 

Oe82} 
0.82 
0.91 
0.38 

Systems To Be Rejecte.d 

peE (El&2) 
UMPK 
Hb 
GR 
G6PD 
Pep A 
CArl 

0.82 
0.82 
0.82 (Blacks) 
0.59 (Blacks) 
0.41 (Blacks) 
0.75 (Blacks) 
0.75 (Blacks) 

:";' .<: ~.:,.·: .. t;': .:~ )~::: ,:. 

C~u1d be cO~leted on one 
, . ..substrate at. same time --

,-Unreliable. St· a~ns are unstable 

". ", 

Completely unreliable 
Completely unreliable 
DP very low . b ~ . DP ~n com ~ned population* 

very low in combined populate 
DP very 1 . ~on DP o~ ~n combined population 

very low in combined population 
DP very low· mb • ~n co ~ned population 

· ~Discrimination Probability 

The ,discrimination probability' values were computed fr . on uh~t Am ' . ' om population data 
w ... e ericans the l 1 .' . Howe~er a ' )n y si~~ficant data available at that time. 

, 11 the values are very similar to val hi. 

P
op 1 . uesac eved by us· 

· u at~on data 'from Brit· h . . ~ng 
.. ' ~s caucas~ans ~Stedman, 1977) and more re-

· cently using the data f ' . rom caucas~ans in Cal ... if,ornia ( 
ref 9). These data are . Grunbaum, et al., 

s~own in Table III. . " 
,. 

/ 

• 
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~ABLE III. DISCRIMINAT:fNG PROBABILITIES FROM 'THREE SOURCES 

-Genetic Marker SOW British California 

GtO I 0 .. 38* 0.38 0.38* 
·EsD 0.69 0.69 .0.67 
PGM 0.47 0.47 0.47 
ADA .0.82 0.83 0.82 .. 
EAP 0035, 0.33 0.34 
AI< 0.82 0.84 0 .. 36 
Gc 0.45 0.44 0.43 
Up 0.39 0.38 0.39 

Cumulative " 
" 

Discrimination .... 
Probability 1 in 196 1 in 210 1 in 208 

·*No figures available; British figures are used. 

, ~1he second step.was to optimize each individual ~e and protein in 

-·the first priority group (Table II) using already accepted methodologies. 

~On starch gel, PGM was separated by the method of Cu11iford (1967), EAP . . 
. ,:·by the method Wraxall and Emes (1976), EsD by the method of Parkin and 

:Adams (1975), alld GtO I by the method of Parr et al. (1977). Gc was 

. separated on agarose (Wraxall InS) and lip 'on continuous gradient acryl

'amide gel (Cul1iford 1971). 

,On cellulose acetate membrane (CAM) the following methodologies were 

used: PGM, Grunbaum (1974); RAP, Grunbaum and Zajac (personal communi

.~ation, published ~978); EsD, Grunbaum, et ale (personal communication, 

''Published 1978); and Gc, Grunbaum and Zajac (1977).. GLO I would be 

: examined by the metho4 of Kahn and Doppert (1976) using cellogel. lip 

::-.could be separated using a step gradient acrylamfde-gel by the method of 
;:- Grunbaum (1975). 

_Af~er optimization of all six genetic markers (except GLO I on acetate), 

it was decided to follow a program plan which would efficiently compare 

~both substrates and equipment, eliminate unnecessa~ work, and assure ~ 

. smooth transition into system development (Figure 1). 
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• I ..... o ..... 1 BOX SETUe 
NANOPHORE 
SHANDON 
MUl TIZONE 

ACRYLAMIDE 
;7 \ 

GRADIENT HOMOGENEOUS 

~ ~ 
Hp Hp 

, , 

, . 

(1 mm,3mm) (lnm,3nm). ,.,.,' AGAROSE 
, \. / "~ 

~ ,~, '" 
PGM .,.;. " Gc 
EAP , I 

". "0' , 

EsD ft GlO I " . DLINO TRIAL 

I MD 

BLIND TRIAL 
.. : .. ' DETECTABILITV 

AND 

.' : 

DETECTABILITY 
I .. 

DECISION ON .,.,.' .. : _ DECISION ON 
SUBSTRATE SUBSTRATE 

(GRAlt/HOMOIVERT/HORIZ) .' 1 
ELIMINATION...-... ! J. ': 

•• ',; I 

OF EQUIPMENT ~' , ,,' 

,. 

4"1 
•.. v' 

.. 

MULTI BOX SETUP 
MICROZONE 
SHANDON 
GRl\DIPORE 
VISIJAR 

STARCH 

l 
PGM 
EAP 
EsD 

GLO I 

I 

.. 

.. 

-----. MUl 11 .SYSTEM 
ANALYSIS 

BLIND TRIAL} OIL WHOLE BLOOD 
. AND OIL CRUST 
DETECTABILITY REDUCED CLOTH , 

'. 

COMBINATION' 
-OF 2 OR MORE 

" SYSTEMS, 
• .. ON 1 

SUBSTRATE 

. , 

II : 

" 

---------.-.. --,-------:-,~ ... ------. --- ... -.. ----_.-

Figure 1. Diagram of Planned Investigation 
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, As required by the Statement of Work, the following six substrates vlere 

to be e,camined and tested:. 

2 .. 1 

Acrylamide 
Agar' 
Agarose 

Acrylamide 

, Cellulose Acetate 
.cello gel 

1 Starch 

, , 

" 
• if , ...... 

.. : ....... . 

• 
'CFollowing the plan (Figure 1), acrylamide was pO,lymerized by various 

• methods and tested for PGM, EAP; EsD, and GLO I. When TEMED was used 

-for polym~rizing the gel, inhibition of most of the enzymes occurred. 

,;However, when Dl-rAPN was' used, inhibition did not occur, but the: sepa-
.' -

-ration in most cases was not as good as when using a n~n-molecular 

~ieving media. The only case where molecular sieving was an advantage 

~nd even a requirement was when phenotyping Hp. Gc was not tested on 

~crylamid~ at this stage as final selection of substrate would be system 

-:-dependent. Therefore, as far as, the four enzymes in this group were 

concerned, acrylamide was eliminated. 

2.2 Agar/Agarose ~ ' .. 

Severa~ ~ifferent types and supplies of .agar and agarose were examined. ' 

The problem with agar, and to some exte~at agarose, is that it exhibits a 

property called endosmosis. Ihis gel, being of biological 'origin, 

possesses a charge which 9auses a flow of buffer from the anode to the 

~athode, thereby retarding electrophoretic migration. It was therefore 

decided to concentrate on agaroses with low endosmosis values (M-) 
r 

'CWieme, 1965, and Wraxal1, 1975). The final selection was the agarose 

.Xype I from Sigma having an M - value of 0.10. This agarose gave ex-
r ' ' 

" cellent results with PGM, EsD, GLO I, and Gc, but showed 'inadecill,1ate 
'<-', 

; separation with EAP. The agarose provides excellent repeatability even 

,: from batch to batch. 

2.3 Cellulose Ac~tate/Cellogel 

Several types of cellulose acetate membranes (CAM) had been examined at .. 
. the U.C. Berkeley laboratory, with the conclusion that 'the membrane 

" 

• 
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giving the best results is manufactured by Sartori~s~ This was also 

. confi;rmed by the experienc::e of the consultant criminalists. Several 

,different types of aGetate'membranes were. also tested but showed no 

~mprovement over the membrane in routine use. As a, requirement of the 

Statement of Work, cellogel was also examined, again showing no im.

,~rovement over Sartorius. The serum protein, Gc, can be separated on 

acetate but Hp, which sep~rates by moiecular size and not by charge, 

'·does not separate on acetate. Three of the four enzymes in the, first 

group separate on CAM, but we were unable to achieve a satisfactory 

~eparation of GLO I, despite making more than 150 determinations cov

ering many variables of buffer, voltage, and time. 

~. . ,'. - " . 
2.4 Starch 

" 

~tarch from two different suppliers was examined. All the enzymes plus 

Up showed excellent separation when using well-published methods. Gc 

was not examined on starch gel due to problems with staining the protein. 

" 

.' 
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3.0 BLIND TRIALS 

~Because starch gel and cellulose acetate both appeared to be the leading 

-candidate substrates for the analysis of PGM, EsD, and EAP, a series of 
, . . 

blind trials was initiated to determine quantitative differences in 

analytical sensitivity as well as 'subjective differences in interpret

'ability. The trials were designed to test both these parameters, and 

with this in mind a series of dilutions of different whole.bloods was 

; -:made. Dilutions conunenced at 1 in 10 and a total volume of 5 '\.11 was 

allocated for each substrate. At least 7 samples were subje~ted to 3 

'di1utions and the results were read by 4 different readers. The stains 

".consisted of 1, 2, 3, or 4 pieces of 0.5-cm-long bloodstained threads. 

The same 4 readers were used., The results were tabulated into 4 cate

~ories: 1) Correct, where the result agrees with the original phenotype; 

'2) Incorrect, where a definite reading was given but did not' agree with 

~he original phenotype; 3) Questioned, where the sample showed activity 

but the reader was unwilling to definitely phenotype; and 4) No Activity • 

. ,Although the Statement of Work specified that as much as 25 '\.11 of. whole 

blood could be used in making the stains, any misinterpretation of 

'phenotype would most likely occur when using dilute or weak samples • 

. Therefore, the sensitivity studies should show up weaknesses in any of 

the methodologies. 

The first marker to be cons;i.dered was EAP, and the results on lysate~ .. 

are shown in Table IV. The total number of inconclusives is approximately 

,the same, but although th.ere are mor~, incorrect results on acetate than 

en starch gel, the results are not significantly different. However, 

when smaller amounts of bloodstains are used, differences in the results 

can be seen leasily. Table'V shows that there are 7 incorrect resultH 

given on acetate compared with 0 on starch, and a tota1 of 51 questionable . ~ 
results, 4 on starch. Most of the incorrect results were type BA's being 

'. 
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TABLE IV. BLIND TRIAL - EAP - DETECT ABILITY OF' LYSATES 

• Dilution No. of No. of Total. 
(VWB) * Substrate Samples Readers Readings Correct ' , 

1 in 10 CAM 7 4 28 26 
(0.5 Ill) Starch 7 4 28 24, 

1 in 20 CAM, 14 4 56 42 
(0.25 Ill) Starch 14 4 49** 32 

1 in ~40 CAM 7 4 28 13 
(0.125 },II) Starch 7 4 21** . 12 , 

... 

* Volume of whole blood lysate per 5 },II diluted lysate 
** Less 1 reader for 7 stains 

:. .. 
'. 

, 
.,, j 

• ~ J \,'" .L 

1 
' .. . 

! .... ., 
" " '. 

,< 

, , 
\' .-

~ 

,.-, ~ r-; ~ '~ " ~ ~, 
&.....-. ~ ~ ~ J....-. •• -

......... - ... .. --.a 

In- Ques- . No 
correct tioned Activity 

- 2 -- 3 1 

2 12 -
2 12 3 

3 8 4 

- 6 3 

, : . 

"I 

" 

. ". 

" 

~ ~ ~. 

... 4.--J I.-_J '--" 

,,' . " ~ 

.. : 

No. of 
Variants 

') 
01 

3 

3 

3 

2 

2 

-~ 

:; 

) 

, ' . 
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TABLE V, BLIND 'l'RIAt - SAP - DETECT ABILITY OF DRIED STAINS 

Size of 
Stained Stain Age No. o~ No. of Total 
Thread (cm) (Days) Substrate Stains Readers Readings 

18 CAM 2 4 8 
Starch 2 3 5 

4 X O.S\:!! 25 CAM 2 4 8 
0.1 ul.WB Starch 2 3 6 

36 CAM 3 4 12 
Starch 3 3 \ 9 . ,-

18 CAM 2 4 8 
Starch 2~ 4 8 

" " 3 x 0.5~ 25 CAM 2 4 8 
0.5 u1 WB . Starch 3 4 12 

36 CAM 3 4 12 
Starch 3 4 12 

f--. . 18 CAM 2 4, 8 
Starch 2 4 8 . . 

2 x 0.5 e! 25 'CAM 2 4 8 
0.35 lJ1 WB Starch 2 4 8 

36 CAM , 3 4 12 
Starch 3 4 12 , 

18 CAM 2 4 8 
Starch 2 4 8 

, 

1 x '0.5 ~ 25 CAM 2 4 
, 

8 
0.18 lJl WB Starch 2 4 8 

36 CAM 3 4, 12 
Starch 3 4 12 

In- Ques-
Correct correct tioned 

5 1 2 
5 - -
5 1 2 
6 - -
1 3 8 
9 - -, 

4 - 4 
8 - -

,..' 4 - -
12 - -

2 1, 9 
.12 - ", -

6 - . 2 
8 - -
4 1 3 
8 - ... 
4 - 8 

12 eo -
1 - 7 
5 - 3 
2 .. - 2 
8 ,- -
- - 4 

11 ... 1 

No 
Activity 

--
--
--

, -.. 
4 - " 

--
--, 
-.. 
--
-

• -
4 -

'8 
-

--'.%484 

No .. 

, ., 
". , . . ' 

I,' .. ' 
',,1 .. 

.... 
. . '. ~. 
of ,: 

Variants 

2 
2 

2 3 2 

2 
2 

2 
2 

2 3 2 ,-I 

2 
2 

2 
2 

2 3 2 
. 

2 
2 

2 
2 

2 3 2 

'2 
2 

.' 

. " 

-

• 

, . 
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-~ca1led type B. Further experimantation was conducted where known EAP 

type BA's were mistyped as B when dilutions' were applied to cellulose 

acetate membranes. The same dilutions were all typed as BA on starch 

'sel. 

It can be seen from Table V that as the stain becomes older and/or' 

smaller, the number of questioned and/or no 

This may be explained Ly the fact that when 

activity results i~creases. 

applying blo~ds tai~~ . 'tb, 
• c.. .~ 

,cellulose acetate, prior. extracti~n is required. It is: v~ry' dif£ic~l1:' . .'" ..... 
to extract a11 the 'en~ym~ or protein' £r~m a, bloodstain 'and alsq'to. use a 

~olume of extraction liquid small eno~gh,so that'all ~b~ ~pplied to 

,the membrane. With the gel method, the whole of the bloodstained fiber 

~an be inse+ted into the,substrate. The results'obained indicate that 

~phenotyping EAP on starch gel is more. accurate and mre sensitive than 

on cellulose acetate. 

, The next marker to be examined was EsD. The experittental details are 

. similar to tllose on EAP except that the lysates are 110re dilute and only 

the I and 2 bloodstained threads were examined. Also, there are only 3 

~nstead of 4 readers. This is because one reader had great difficulty 

.in interpreting EsD phenotypes on both starch and cel1ulose acetate so 

his results have been removed from the table. 

It can be seen from Table VI that phenotyping EsD of diluted lysates on 

starch gel is more accurate and more sensitive' than on cellulose acetate. 

'The large number of questioned results (11) ,on CAM vith the l:1igher con

centration samples shows one of the problems in that too much applied 

sample causes distortion of the pattern. The results obtained from .. 
bloopstains, Table VII, shows littie difference bebreen the substrates; 

therefore, no decision o.n choice of substrate was made at this time. 

..... 
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'l'ABL'E VI. 13LtND 'l'RIAL - EsD - PE'l'EC'l'A13ILI'l'Y OF LYSA'l'ES 

Dilution No. of No. of Total (VWB) * Substrate Samples Readers Readings Correct 

1 in 20 CAM 7 3 21 7 (0.25 }.II) Starch 7 3 21 18 
, 

1 in 40 CAM 7 3 21 12 (0.125 lJ1) Starch 7 3 21 21 J 

1 in 80· CAM 7 3 21 13 (0.063 lJl) Starch 7 3' 21 13 

1 in 160 CAM 7 3 21 3 (0.032 lJl) Starch 7 3 21 7 

*Volume of whole blood lysate for 5 JJ1 diluted lysate 

v 

,I I 
.. 

i \ " j .. 

In- No No. of correct Questioned Activity Variants 
f,' 

3 11 - 3 - - 3 3 

- 7 2 .3 ... - - 3 

2 3- 3 3 - 8 - 3 . ' 

... 1 17 3 - 12 2· 3 

·1 
! 

, ; 

.' .. . I 
.. ! , . 
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TABLE VII... BLIND TRIAL - EsD - DETECTABILI'J!Y OF' DRIED strAINS 

Size of 
Stained Stain Age 
Threads (cm) (Days) 

11 

. 
2 x 0.5 ~ '21 
0.35 pI WB 

28 

f 

11 

1 x 0.5 ~ 21 
0.18 111, WB . 

28 

. 
J 

No. of No. of Total In- ,Ques- No No. of 
Substrate Stains Readers Readings Correct correct tioned Activity yariants 

CAM 2 3 6 
Starch 2 3 6 

CAM 2 3 6 
Starch 2 3 6 

CAM 3 3 9 
Starch 3 3 9 

CAR 2 3 6 
Starch 2 3 6 

CAM 2 ,3 6 
Starch 2 3' 6 

" CAM \\ 3 9 ~\ 
" Starch 3' \, 3 9 . 

\, , 

.' , 

4 - 1 
6 

, - -
.:; - -
5 - 1 

8 - 1 
5 1 2 

3 - 1 
2 - 3 

6 - -
5, . , - 1 

5 - 1 
2 - 5 

1 
-
-
-
-
1 

. 
2 
1 

--. 
3 
2 

. . .' . 
I 

2 
2 

2 
2 

2 
2 

2 
2 

2 
2 

2 
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~GM was only examined on bloodstains of decreasing size, the results of 

which are tabulated in Table VIII. !here W'ere more stains examined on 

CAM than on starch, but the incorrect answers were a result of incom

'~lete separation of the band c isozymes:' This would cause PGM type 1 

'to be easily confused for a type '2-1. ',Further experimentation was 

carried out which shows that on CAM, misinterpretatio~ of som~ pheno-

types can occur. See Figure 2. 

'Further blind trials were initiated for EAP, EsD, and PGM to confirm the 

above conclusions; however, no sensitivity studies were included. The 

trials consisted of large (approximately 2S pl) bloodstains cut in half 

-and tested on both substrates. The results ~~re summarized in Table IX • 

. It can be seen from the table that there is substantially no difference 

in the substrate~ when phenotyping EAP except that no dilutions "Jere 

. tested. As can be seen from the previous blind trial results (Table V) 

this is the main problem area for cellulose acetate. EsD pheribtyping is 

inconsistent on CAM whereas starch proved to· be reliable., It was de

termined by experiment that EsD phenotyping of ~loodstaihs on CAM required 

a differen't membrane buffer (1. e., a 1: 7 di'lution of tank buffer) than 

Tcquire~ on whole blood, (1:20). This dilution (1:7) is required to be 

very accurate or else the final result would be very diffuse (Figure 3). 

No explanation was found for this problem. PGM phenotyping on CAM-

. produced some interpretation ambiguities ev~n with large amounts of 

,bloodstains and the separation was not improved. 

.At this point, however, there was still some question as .to whether EsD 

-~nd PGM were equivalent on both substrates. It was therefore decided to 

~un confirmatory tests on all eight genetic markers. The results are 

.summarized in Table X. From this table it can be seen that, several 

questioned calls were made on CAM but not on starch. Also,' at: this . ~ 

, 

time, after some initial experimentation, EsD, PGM, and GLO I we~e being 

.phenotyped all on the same starch gel. It ~as therefore decided to con

duct the confirmation tests for starch usittg. this mu1tisystem which 

• 
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TABLE VIII. BLIND TRIAL - PGM - DETECTABILITY OF DRIED STAINS . 

N 
'-.I 
Ci 
0 
I 

': ...... 
i 0 
I ...... 

Size of 
Stained Stain Age No. of No. of Total In- Ques- No No. of 
Thread (cm) (Days) Substrate Stains Readers Readings Correct correct tioned Activity Variants 

24 CAM 2 4 8 6 - 1 1 1 
.i. 

. Starch 2 '1 6 5 - 1 - 1 ." . 
oJ , 4 x 0.5 ~ 31 . CAM 2 4 8 8 - - - 2 

0.7 lJ1 WB Starch 2 3 6 .) - 1 - 2 
~ 

I 
! 

, 'i 

42 CAM 3 4 12 11 1 3 - -
Starch 3 3 9 . 8 - 1 - 3 

• 
0, 
, . 
I 

24 CAM 2 4 8 7 - 1 - 1 
Starch 2 3 6 

. 
6 1 - - -

3 x 0.5 ~ 31 CAM 2 4 8 8 - - ... 2 
w 
I 

0.5 lJl WB . Starch 2 .3 6 6 .. - - . 2 

d; CIO 

~ 
42 CAM 3 

'* 
12 12 - - - '3 . 

Starch 3 3: 9 9 - - - 3 . 
. . 

. :~ i . 24 CAM 2 4. 8 3 2 3 
. - 1 . Starch No Test . 

: j 

~ 

. 
4 2 2 x 0~5 ~ 31 CAM 2 8 '5 - 3 -

0.35 111 WB Sta·rch No Test 
. 

42 CAM 3 4 12 11 1 -, . 3 - . 
Starch .No Test 

I 

.i 
~ . 24 CAN 2 3 6 4 2 - - 1 

Starch No Test • 

\ . 
1 

l.x O.S~ 31 CAM 2 3 6 5 :- 1 - 2 
0.18 lJ1 WB Starch No Test 

42 CAM 3 J 4 12 ? - 3 - 3 
Starch No Test 

J I 

J • ~ ,...., ,...., ,......,.. r-. r-1 .,..., r-'1 ~. j"-, ,......., ... 
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TABLE IX. BLIND TRIAL SERIES 2 
" 

'I 

Test and Stain No. of No. of Total 
Substrate ~ge Stains Readings Readings 

E:AP (Starch) 2-4 wks 10 4 40 

·EAP (CAN) No Test 

EAP (Starch) 4 wks 16 4 I 
64 

EAP' (CAM) 4 ~~ks 16 4 64 

, EAP (Starch) No Test 

EAP (CAM) 4 wks 15 3 45 . 
, 

EsU (Starch) 2-4 wks 10 4 40 

EsD (CAM) 2-4 w}ts' 10 (Test run twice; result 

EsO (Starch) 4 wks 16 3 48 

EsO (CAM) 4 wks 16 3 48 . 
EsP (CAM) 4 wks 15 5 75 

PGM (Starch) 4 wks 16 4 64 

PGM (CAN) 4 wks 15 5 ' 75 . 

" )) 

. D 

. I S r .) 
, 

'\ ) J) ~'t 
J.' 

, 

In·· Quee- No No. of 
Correct correct tioned Act:i.vity Variants 

40 - - - 2 
;-J 

. 
64 - - - 2 

61 - 3 - 2 

45 - - - 2 

37 - 3 - 2 

unreadable) 

48 - - - :2 . 
I' 

18 - 14 i6 2 

73 - 2 - 2 

63 .. 1 - 3 

, 70 - 5 - 2 

.. ,; 
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"r.f 'I'ABLE X.. BLIND TRIAL SERIES j 
l' 
N ...., 
o 
l' .... 
o ,.... 

Test and 
Substrate 

EAP (Starch) 

EAP (CAM) 

EsD* (Starch) 

EsD (CAM) 

POH* (Starch) 

PGl-! (CAM) 

GLO I*(Starch) 

GLO,1 (CAM) . 
AK (8,carch) 

\.. 

AK (CAM\) 
"-\ " c:/; 

"" 

ADA (Starch) 

ADA (tAM) 
Gc '(Agarose) 

Gc (CAM) 

Gc (AgnrO$e) 

,Gc (CAf.t) 

(Cont 
. 

Hp 
Gradient) 

Hp (Step 
Gradient) 

Stain No. of No. of Total 
Age Stains Readings Readings 

2-3wks 7 4 28 " 

2-3 wks 7 4 28 

2-3 wks 7 4 28 

2-3 wks 7 4 28 

2-3 wks 7 4 28 

2-3 wks 7 . 4 ~ 28 

2-3 wks 7 4 , 28 
• 

Insufficient separation; No', Test 

2-3 wks 7 4 28 

2-3 wks 7 4 28 . 
2-3 wks 7 4 . 28 

2-3 wks 7 4 28 

2-3 wks '1 4 '" 28 

Results too weak to read; No Repeat 

4 wks 15 4 60 

4 wka 1S 4 60 

2-3, wks 7 4 28 

2-3 wks 7 4 28 

T 

In- Que's-
Correct correct Honed 

28 - -
26 . - 2 

27 - -
27 - 1 

'28 - --
21 " - 1 

\:' 

22 . 
** .3 

-
, 

28 - -
28 - , -. 
28 - -
27 . - 1 

2S - 3 

60 .. ... 
42 - 7 

' 20 - 2 

17 - 3 

* EsD, PGM, GLO 1 phenotyped on ~ gel using multisystem method on starch. 

) 

No 
Activity 

// -
", -

1 

-
-
-
3 

-
-
-. 
-
-
-

11 . 

• 6 

,8 

** Original teport of this result (September Monthly Progress Report PR-2700-8) was incorrect. 

-, ,., ,..., r..., ,.. .. , ,-.. , ,..., r~'l r·· .. l 
:... i 

if 

No. of 
Variants 

S 

S 

3 

3 

3 

3 

2 

1 

1 

2 

2 

3 

3 

,3 

3 

3 
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res,ulted in no incorrect results for all three markers. ~ubsequent .. 

experiments of these markers on CAM showed that it was only possible ,to 

phenotype one marker at a time on this substrate. It ,was now becoming 

evi~ent that the use of cellulose acetate membrane would not meet the , 

Statement of Work requirements in terms o~ reliability~ repeatability, 

and the combining of one or more genetic markers in one, setup. • 

It was, therefore~ recommended that CAM should be eliminated from 

further study for all markers except AK., (It was probable that this 

lIlarker would be phenotyped on gel, together with another enzyme.) It 

~was further recommended that all effort be directed towa.rds system 

development with accent on multisystem analysis. 

.. 
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4.0 SYSTEM DEVELOP}mNT , 

.Although experiments had been conducted since April 1971 on combining 

two or more systems on a single substrate, the initial approach to. 

system development was to co~sider the pH at which each genetic m~rker 

"was 

pHs 

'. 

separated on an individual basis. The'markers and their separation 

are listed below: 

Marker .~ 

AI< 5.0 
EAP '5.9 
ADA 6.8 
GLO I 6.8 

. EsD 7.4 
PGM 7.4 ." " 

: Up 8.3 . , 

Gc 806 

It was decided to examine the enzymes, EAP, GtO I, EsD, and PGM o~ a 

variety of buffers. A I-rum starch gel (20 x 15 cm) was divided into 

:four sections and blood samples representing many of the common pheno-. 
xypes ~ere applied on cotton threads in each quarter. Electrophoresis 

.; was carried out and each quarter stained for a separate enzyme. From 

these results it was determined whether the enzymes could be separated 

'from each other (by measuring the appropriat~ migration), and whether 

each enzyme was separated sufficiently in any given buffer. It was 

:confirmed that ~AP phenotyping is improved if citrate ions are present 

. (if not, the "an isozymes are found in a more cathod'ie position and are 

~ot so easily interpreted~ Hopkinson & Harris 1969). 

~ny buffers were examined, starting ,with ~LO I tank and gel buffers 

(phosphate at pH 6.8), follo~ed by EAP (citrate/phosphate, at 5.9), EsD 

(lithium hydroxide/tris at 7.4)~ and PGt-! (tris/EDTA/Maleate/HgC1
2

, at 

: pH 704). Small amounts of citrate were added to some of these buffers 

without resulting in the desired improvement. Different concentrations 
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.of ~hosphate'buffers ranging in pH from 6.8 to 7.4 were tried as well as 

-combinations of different tank and gel buffers (e.g., PGM tank buffer 

"with EsD gel buffer). 

"It soon became obvious that the best comb:1.nation of enzymes would be 

GLO I, EsD, and PGM (pH range 6.8 to 7.4). The buffers 'giving the best 

;separation were a PGM tank buffer (Culliford, 1967) with an EsD gel' 

(Par~in and Adams, 1975) or a PGM tank buffer with a 1:15 dilution for 

the gel (Culliford, 1967). It was then decided (before too much work 

was done on the GLO I, EsD, PGM combination) to examine the other ,'three 

enzymes--ADA, EAP, and AK--to see if they would separate on the same 

gel. It soon ~ecame apparent that they would; in fact, one of the 

,earlier gels was co~posed of EAP tank and gel (citrate phosphate pH ~.9 

diluted 1: 100 for the gel) which gave clear separations of EAP and AK 

with ADA separated from EAP but with diffuse bands. The conclusion was 

.that all six enzymes could probably be separated on two gels with the 

tWo serum proteins, Gc and Hp, possibly phenotyped on a third. It was 

~rovisionally decided to call GLO I/EsD/PGM Group I, ADA/EAP/AK Group 

II, . and Gc/Hp Group III. '. '. 
.,J " ' 

.. At this point, it seemed ~ppropriate to consider other substrates, i.e., 

acrylamide and agarose. It had been reported (Adams & Wraxall, 1972) that 

the enzyme EAP was inhibited by acrylamide,. It was thought that this may 

.apply to other ~nzymes. The enzymes PGM, EsD, and RAP were separated on 

5% acrylamide gel>using a cyanogum 41/ ammonium persulphate/TEHED mixture 

in the appropriate buffer. This caused inhibition of each of the three 

enzymes. Other means of polymerization of the acrylamide gel were 

tried. These were riboflavin and dimethylaminoproprionitrate (D~~PN) 

whic~ appeared to remove the inhibition b~~t did not improve the separa

tion.' It was concluded that the acrylamide was having a sieving effect 

on the enzymes which was not obvi'ous in starch oragarose gels. The 

isozymes of each enzyme are separated .by charge alone, and therefore 

molecular sieving (as provided by acrylamide gel) is not necessary. The 

separation of the other three enzymes was not attempted on acrylamide 

• 
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·because 1) GLO I requires either the incorp ti £ h' . ora on 0 . s tare or the use 

. ""O~ the positive stain method (Parr, 1977)' using dichloroindophenol (DCIP) 

which was fbund to be insensitive, 2) ADA and AK were consider~d to be 

e~zymes which would be "added on" to one of the other e~zymes for pheno

.~yping (e.g., Group II). It w.as therefore decided that the six enzymes 

'should ~ be phenotyped on acrylamide but that this substrate would be 

"-eonsidered for Group III (Gc/Hp) later. 

" 

~e 'other substrate to be considered was agar or agarose. These gels 
exhibit a propert~ not 'seen in starch or 1 id Th ..r acry am "e. is prope:r.:!-=y is 
electroendosmosis and, depending on the degree or Mr-value, results in 

~he retardation of the isoenzymes. Agarose is a purified form of agar 

. and manufacturers are now even listing the M -value of their agar~ses r . • 
Several types of agarose.were tested with contrasting results. Beckman 

manufactures a rehydratable agarose which--if after testing was found to 

be satisfactory--would have the advantage of limited'gel preparation. 

However, it was found that these gels had a high degree of endomosis re

'suIting in most of the enzymes migrating cathodically. The Sigma Chem

·ical Company produces three agaroses all with different M -values and it 
r 

-was found that the lowest endosmosis value agarose gave the best re-

sults. ~roup I enzymes separated better than Group II and even gave 

.better results than on starch gel. It h f was t ere are decided to concen-
trate our efforts on the separation of GLO ~, EsD, and PGM on agarose 

·and consider the Group II separation later. 

'4.1 Group I 

The first important consideration was how to st~in for GLO I. The DCIP 

. method was found to.be insensitive in that the 1ysates exhibited more 

activ·ity when stai~ed by the starch/iodine method. This method, however, 

relied on starch in the gel. Incorporation of starch, at very low 

percentage, into the agarose ge1'was the obvious answer which gave 
excellent results • .. 
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Concentrations of starch ranging from I to 3% in agarose gels' of 0.8 and 

1% 'were tried, the most successful being 1% agarose with 2% ,starch. Most 

normally separated under optimum conditions of polymorphic enzymes are 

'·voltage~ time, pH, and ionic strength. It was therefore necessary to 

test all the enzymes in Group I to avoid any loss of sensitivity or 

The pH 'and ionic strength o'f the tank ~nd gel. buffers had . ·reliabili ty • 

already been established in the PGM buffer in .terms that it gave the best 

separation of all three enzymes. I~ ,was also better because PGM is 

routinely separated under those cond:Ltions(on starch), and 'EsD is 

,separated routinely at pH 7.4 even thou~h the ionic strength is dif-

ferent. The next conaition to establish was the voltage ~nd time. ' Six

.. .teen hours of electrophoresis time (at 3 V / cm) was found to ~e inadequate 

because of diffusl.on 0 t e l.sozymes, . f h ° Hl.°gher voltages and, lower electro-

phoresis times were in order; the choice was betw~en 20 V/cm for 2-1/2 

:hours, 9r 15 V/cm ~or 3-li2 ho~rs. The remaining conditions ~o be con

sidered were the pH, ionic strength, and biochemical ~oncentrations of 

the reaction mixtures. This was to take several months of work before 

we were satisfied that all enzymes were working under optimum conditions~ 

··Some of the problems encountered and solved were: 1) the starch/iodine 

Teaction for GLO I and its relationship with reduced glutathione and 

'.-1llethyl glyoxal; 2) Glucose-6-phosphate dehydrogenase enzyme in the PGM 

reaction (it was found that G6PD from one manufacturer was inferior to 

that from another); and 3) methyl umbel1iferyl acetate (MUA) is very 

sensitive at alkaline pH but hydrolyzes ~nd gives background fluores

-cence, while. at acid pH it does not hydrolyze but is insensitive. 

Obviously, when an enzyme is separated in a diff:rent envi~onment than 

is usual, all the other conditions must be ~xamined for optimum relia~ 

bility and sensitivity. ~owever, in early September, 197~, even while 

all these condit,ion,s were being examined, a blind trial sent from a 

serology study group was typed for ~roup I enzymes. The trial consisted 

of eight stains between 7 and 10 days old. All eight stains gave clear 

unambiguous results for all three 'enzymes indicating that Group I had a . 
high potential for being included in the final system (Table 7b). 
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,4.2 proup II 

In late August, 1977, haVing established that Group I had .good potential~ 
it was decided to examine Group II--ADA, EAP, and AK.. In early experi- ' 

ments, it ~~as seen that EAP and AK cou~d easily be separated even though 

'there was .a possible overlap of rare variants (1. e., EAP DB, and AK ~-l) • 

This was u.sing standard EAP gel and tank buffers, citrate-phosphate pH 

.5.9: The results of a blind trial for EAP and AK, shown in Table X, 

were phenotyped on the same starch gel. The problem was ADA and how it 

, 'could be resolved on the same gel. The ADA ~sozymes were well separated 

'and' did not overlap the EAP isozymes but the r~sults were' weak ~~d"-.' . 
:diffuse. Fur,ther work showed that' the liquid enzymes used in the reaction, 

"nucleoside phosphorylase and xanthine oxidase, w.ere partly to blame and 

when these were purchased from Boehringer, results were dramatically 

improved. (Further improvement was obtained later when the pH and ionic 

strength of the reaction buffer was optimized.) The next step was to 

improve th~ resolution of the ADA isozYmes and this Was attempted by 

altering the pH and'ionic. strength of the tank and gel buffers. The 

'constituents (1. e., citrate and phosphate) were not altered becau~e of 

the EAP "a" isozyme's affinity for citrate, ,Hopkinson & Harris (1969). 

Buffers ~etween pH 5.0 and 6.3 were examined in'order to obtain a good 

,separation of all three enzymes both from each other and for good reso

lution of the individual markers. Another problem to be taken into 

. account was tbe heat lability of EAP "a" isozymes in relation to the lib" 

and "C
19 

isozymes, Hraxall & Emes (1976). Therefore, if a method to keep 

down the heat generated during electrophoresis could be achieved, this 

~ou!d hopefully resolve this problem. This was ,~c~ompI~shed by con

~ucting electrophoresis overnight wh~ch not only solved the heat problem, 

,but employed the equipment and personnel time much more efficiently • . 
This will be described in detail later. 

At this time, it was decided to examine Group II on agarose with a view 

~to using the same substrate as Group I. A 1% agarose gel gave disastrous 

results ldth the electroendosmosis causing EAP and AK to migratecathod

fcally. The addition of starch helped to counteract this problem but 

• 
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.af~er many determinations, it was seen that the starch gel was superior 

to any agarose or agarose/starch gel combination. 

Th~ buffer which gives the best separation is the ci~rate-phosphate 

buffer at pH 5.5. However, when this is diluted 1:40 for use in the 

gel, the buffer changes to 6.2 Thi's resulted in the AK 1 isozyme rE7-

1naining on the origin and causing problems with interpretation. This 

,was overcome by making the gel buffer from dry chemicals '1':0 obtain the 

correct pH (5.5). With the electrophoresis conditions optimized, it was 

,now essential to optimize the reaction conditions similar to Group.!. 

4.3 Group III 

-Several ideas had al~eady been tested earlier i~ the program prior to 

system development. These concerned the simultaneous separation of Gc 

and Hp on agarose and also the cleanup of bloodstains before the sep-

aration o~ serum proteins. 

Most phenotyping of Hp on bloodstains is accomplished by using gradient 

acry1amide gel (Cu1Iiford, 1971). Although Hp in serum can be separated 

in starch gel, when bloodstains are applied brea~down products cause . ' 

. severe smearing throughout the gel. A gradient acrylamid~ gel by virtue 

:of its decreasing pore size allows the small molecular weight breakdown 

.. products to move through the gel while retaining the ~arger haptoglobin 

proteins ac~ording to their molecular weight. Howev~r, as these 'blood-

, stains become older, the amount of breakdown and aggregation. products. 

,increases and is ·not cleared from the gel. 

Apart from the time-consuming procedure for preparing the, gel, the step 

.~radient acrylamid~ method (Grunbaum) 1975) consisting of layers of 4, 

6, and 8% acrylamide gel presents even more of a problem (see Table X). 

The gradient; not being continuous, does not allow the breakdown and 

~ggregation products to migrate from the gel while stopping the fast-

moving Hp 1 band. 
" 

" 
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"A wel1-k.n0wn and widely published biochemical procedure da,ting back to 

1901 (Kruger) uses chloroform to precipitate denatured hemoglobin 'from 

"'certain aqueous solutions. We have utilized this technique to clean up 

... ext"racts of bloodstains before electrophoresis, thereby e1im~nating 

.smearing which causes masking of the protein. bands. This technique was 

initially applied to haptoglobin typing on continuous gradient acryla-. . 
mide gels resulting in the ability to phenotype old (3-4 months) stains. 

Later, when the homogenous acrylamide technique was'developed, t~e 

.:chloroform extraction technique became an integral part of the method. 

Another earlier idea was the simultaneous separation of Gc and Hp on 

agarose. It was already established (Wraxall 1975) that Gcphenotyping 

,could be accomplished by antigen-antibody crossed electrophoresis (AACE). 

'However, although this technique was more sensitive than CAM (Table X), 

'it requires a high degree of technical skill. Haptoglobin is best 

separated, as previously mentioned, using some form of molecular sieving 

.(e.g., acry1amide) as the polymer bands are separated not by charge but 

by molecular weight. On agarose, there is a separation of the three 

main types but the differentiation between the types 2-l and 2-2 is very 

small. Even so, it was thought worthtyhile to try separating the three Hp 

types by AACE hoping that some improvement in the differentiation might . 
occur. It was possible to separate the three Hp types and, by using 

,longer electrophoresis times (up to 4 hours), the three Gc ty.pes could 

be separated as well, all at the same time (Figure 4)~ There was, 

howaver, some interaction betto1een the two antigens" resulting in a loss 

'of activity on the Gc. This was attributed to the 'two antisera being 

made in two different animals (i.e., goat and rabbit.) This problem 

cou,ld easily. be remedied but it was ,concluded at this time (July, 1977) 

that the separation was not good and that the skill required would 

probably make the system impractical. 

.The simultaneous separation of Gc and Hp was, therefore; left until late 

September, 1977, when the initial approach was to sep~rate both proteins 

on ncrylamide, staining Hp with o-tolidine and Gc by immunofixation. The 
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_l'igure 4. Separation of Gc and Hp 

first experiments were very encouraging in that both Hp and Gc separated 

both individually and from each other ~n 6% acrylamide. It was then 

necessary to try different buffers between pH 8.0 and 8.6 and different 

concentrations of acrylamide, to obtain the best separation. Several 

btttfers were tried, both continuous and discontinuous, the best results 

being obtained with the simplest buffer--tris~glycine at pH 8.4. Sev

eral methods of acrylamide polymerization were tried, t:he best results 

'.being obtained using DMAPN. The concentration of a.cryl.amide selected 

was 6.5%, thus giving a good separation of Gc and Hp. This was partic

ularly true of the Hp I band from free haemoglobin. Preliininary results 

~n Gc showed that the immunofixation procedure would work" and once the 

..separation details had been established it would then only be nec;essary 

to work out the immunofixation details to give maximum sensitivity. 

When the program was moved to the Beckman fae.ility in mid-'November, 

1977, system development was well advanced and position of all three 
~~j: 

groups was as follows: 

• 

'·4-8 'FR-2700-101 
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.. 

. >Group I 

.' Group II 

:Grou.p III 

~ . 
j : • 

Separation conditions well established.· GLO I, PGM, 
·and EsDa11 working well on four-week-old stains. 

Separation of ADA, EAP, and AK possible on.one ge~. Re
,action conditions of each enzyme need to be established. 

Separation of Gc and Hp possible on one gel. Four-week
-old stains worktng for Hp. Gc unknoWn on stains at this 
time. Conditio1;ls for separat~on and detection need to 
be optimized • 

:After the new laboratory had bl~en established, each group was optimized 

,in preparation for Method Fea~dbility Testing. In Group I the reaction 

:mixture for GLO I was optimized,the critical positioning of the origin 

wa~ established, and severa~ types of sponge cloths (used for bridges) 

from different sources were tested. In Group II the pH vas fixed at 

5.5, the origin position set at 6 cm, and the reaction mixtures for ADA, 

. RAP, and AK were optimized" In Group I~I the chloroform extraction pro

~edure was examined using different buffe~s at varying pH's for the 

-preliminary extraction. ~'i:he. initial selection was thetris glycine Quffer 

a~ pH 8.4 (this was later changed to water at neutral pE which gave cleaner 

extracts)~ 

It was discovered after optimizing the staining procedure for Gc on 

acrylamide that the degradation product which occurs in stains inter

feres with the typing clf the protein. In agarose it is known to develop 

into 'a fast-moving globulin immunologically identical to Gc protein. In 

-acrylamide it was foun.d to migrate into the slow,Gc 1 position and, 

,,~herefore, cause intel:pretation problems (Figure 5). It 'waS decided 

~; to examine agarose, using the same buffer, t9 see if stains could be 

;: phenotyped for Gc by immunofixation. 'l'he results were highly acceptable • 

With part of the same chloroform extract used for Hp phenotyping, it 

was possible to phet)lotype Gc using the same buffer, in the same tank, at 

the same t~me as Hp. 

: 
' . 
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, .All three groups wer~ then subjected to internal blind trials in prep

aration for method feasibility testing. Some minor flaws were overcome 

and system'development was complete. Methodology is described in' 
Appendix c. 

" ., ' 

'4.4 Hardware Selection 

Jt was not an objective of this program to develop new electrophoresis 

cells. It was expected that the development work would be done with the 

Microzone cell which would be moo,ified as required by new methodologies. 

-However, in order to evaluate a variety of substrates in addition' to 

cellulose acetate, it was necessary to work with other types of cells. 

.'~everal types t)f commercially available cells were ~~J>tained and eval

-uated as part of the process of selecting the substrates to use. This 

,'·'Work was part ,of the ~rogram plan as summarized in Figure 1. It was 

·,decided that fpr simplicity, on.ly one type of cell would be used for our 
system. 

'The electrophoretic cells discussed in the following paragraphs were 
considered. 

4.4.i Micrbzone 

This cell is designed for use with cellulose acetate m~branes. It has 

-been used in clinical laboratories for many years. There is an acces

. sory kit that permits it. to be used with acrylamide gel. 

'The Micro,zone cell is small, with a separation distance available of 

-about 7.5 cm. This is adequate for the separation of one constituent at 

a time. However, when it'was 'decided to use simultaneous analyses with 

,a gel substrate, the l-ricrozone ce:.ll proved to be much too small. It 

would also require the addition of a gel cooling plate. These modi-. 

f~cations could not be ~de without a complete redesign of the cell. 

Therefore, it was eliminated from further consideration.' 

• 
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4.4.2 Gradipore 
.. • t:' ... 

This apparatus is designed for continuous gradient ac.rylami~e electro

phoresis with the plates in a vertical position. While this apparatus 

c~ also be used for homogenous acrylamide, it cannot be used for . 
"horizontal starch gel plates. There did not appear to be any way to . 
:easily adapt this instrument to our needs and it was also excluded.' 

,4.4.3 Visijar 

, This apparatus is capable of handling all substrates except cellulose 

acetate on a horizontal basis. 'However, some modifications were required, 

. -both to the cell and the cooling plate, which would prove costly and so 

this apparatus was eliminated. 

" . 
'4.4.4 . Nanophore 

Two prototype Nanophore cells were loaned by NASA foi this program., The . . , 
-Nanophore unit is similar to the Microzone. 

primarily for cellulose acetate membranes. 

It is small and designed 

A cooling plate can be used 

for gel substrates. However, the existing cooling capability is not 

Bdequate for use with starch gel. 

Increased cooling is possible if a metal cooling plate were used in '. 

place of the existing plastic one. Another and more significant problem 

,is the smalt area available for the electrophoretic separation. This is 

adequate for CAM but not. for starch gel when se~arating more than one 

~omponent in zones as described in Section 4.5. . 

In view of the extensive modifications required to optimize the design 

for this progra~, it was ~liminated from the final system. 

4.4.5 Multizone/Shandon 

The Multizone and Shandon cells are dimensionally identical 'and per-

formed equally well in this program. The Shandon cell ~nd cooling plate ,. 
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'is commercially available and can be used for the Bloodstain Analysis 

. System without modification. The Multizone is used primarily in clin-

. 'fcal applications 'and ·is not sold with a cooling plate. Some modifica

.. t;ons must be made to. the cell to accommodate a. cooling plate. Multizone 

-cells were modified and prototype cooling plates made for support of the 

,development work of this program. 

~is type of cell is large enough for the multiconstituent simultaneous 

analysis which must be done to 

~~handon cell and cooling plate 

,the Bloodstain Analysis System • 

stay within our hardware constraints. The 

is, therefore, recommended for use. with 

·4.4.6· System Hardware 

. 
'The process of selecting the hardware is summarized in Figure 6. 

The ele~trophoresis cell is a ~ajor critical part of the hardware. The 

.total system consists of one refrigerated circulating cooling bath, 

three electrophoresis cells' with cooling plates, and'twe'power supplies 

(Figure 7); The complete list of equipment including accessories is 

. included in Appendix C. • 

4.5 Parallel and Sequentfal Analysis 

The systems of parallel or sequential analysis which were proposed as 

alternatives to the multicomponent analysis, require some comment. To 

-help the understanding of these different typ~s of ana1yses, the fol

:lowing definitions are proposed • 
. ' , 

.:. ... 

.. 

• Sequential Analysis. This is whe~e only one ~el1 is used. 

T~e first genetic marker is analyzed a~d the results re

c.orded. The buffer is replaced, and the second genetic marker . (,. . 
is analyzed in the same, cell. This procedure is repeated 

until all the markers have been analyzed. For each marker .. 

FR-2-700-101 ... 
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s,t least one control is used and one aliquot of stain is 

used for each of 8 samples (Figure 8A). 

:. ~rallel Analysis. Here ·the samples are applied in triplicate 

to the substrate. After electrophoresis the substrate is 

"divided into three strips, parallel to the direction oj elec

. trophoresis (Figure 8B). Each'of the three areas is then' 

-stained for a separate genetic marker. Allowing for one con

trol per marker, this only allows for two samp,les to be typed 

per electrophoretogram, using one aliquot of stain per s~mple 

~er genetic marker. 

• ;Mu1ticomponent or Simultaneous Analysis. This is the 'type of 

'system developed in this project where two or more different 

-genetic markers are separated at the same,tue and are de

,tected in different zones on the same substrate (Figure 8q). 

'. Only one control is used and at least 8 unknown samples are 

'phenotyped for two or more genetic markers using one aliquot 

"~f stain for each of the samples. 

.It would be appropriate to compare both the technical and practical 

problems of these different approaches: 

-, 
Technical. With the par~lle1 app~oach and irrespective of substrate, 

t~e separating conditions of buffer, time, and voltage have to be re

searched to ensure that the isozymes of each genetic marker are sep-

,~rated optimally. The same is true for.multicomponent analysis. 
\' . 

the<)parallel'(ijystem after these Several tests were made to evaluate 

conditions had been determined. 
~ . 

On starch gel~ hemolysates in tripli-. . 
cate ':lere phenotyped for the Group II systems, i.e., EAP, AR, and ADA. 

All separations were satisfactory, but when the same three ~nzy~es were 

examined on cellulose acetate the "results were far from adequate. The 

EAP isozymes were insufficiently separated and the AK and ADA isozymes .. 
appeared diffuse. By cutting the membrane~into three. parailel ·to the 

• 
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·GENETIC ~~,RKER 3 

SIMULTANEOUS' 
. 

STAINED STAINED 
. FOR FOR 
GENETIC GENETIC 
r<1ARKER MARKER 
1 2 

. 
, 

-

I Cl 
i 51 
I S2 
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. I 54 
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.~. I 57 
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l ,Cl 
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I S2 
I S3 
I S4 
.I S5 
! S6 
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8 SAMPLES 

TOTAL 
.3 CONTROLS 
2 SANPLES 

TOTAL 
. 1 CONTROL 

8 SAMPLES 

STAINED FOR 
GENETIC MARKER 3 
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Comparison of A) Individual Sequential, iJ) parall,el, and 
C) Simultaneous Separations 
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r..direction of electrophoresis, this gave rise to "edge effects" on many 

. samples, resulting in distorted isozyme patterns. 

~ere are no technical problems with 'either sequential analysis or 

.multicomponent analysis as' described.' However, one point should be 

11lade. Cellulose acetate electropho'resis is nonna1ly reported "(see 

-references of Sonneborn and Grunba~mon cellulose acetate) requiring only 

.-short, 30-60 minutes, e'lectrophoresis times. The same time can b~ 
.achieved on gels, only it would require a higher vol~age power supply. 

For example, 400 V on an 8-cm~10ng cellulose ac~tate membrane is equiv

-alent to 50 V/cm across the membrane. The same voltage applied across a 

2o-cm-long gel is equ~valent t9 20 V/cm. Therefore, the gel will take 

~.5 times longer to ach~eve the same separation. !he other alternative 

:is to apply 50 V/cm to the gel (i.e., 1000 V) and thereby achie~ing the 

same sellaration in the same time. The differences, however, between 

sequential and multicomponent analysis, become more acut,e when the 

practical problems are considered. ~ " .. 

p~a~tica1. In parallel analysis, unlike simultaneous analysis, any 

,~verlap of one genetic marker with ~mother is not important be,cause 

the ~hole length of the substrate is stained for eacn system (see Figure 

-SB). However, overlap was never a problem in this project because the 

pH of the buffer chosen for each of the three groups enabled each marker 

to be well separated from the oth~rs. Most of the effort in development 

was applied to optimizing the separation of the isozymes and the reaction 

.~onditions of each genetic marker. The main cibjection t~ parallel 

-analysis is that there is no improvement over what is already available 

to the forensic serologist, i.e., each enzyme being typed individually. 

There is no saving in terms of time or the amount of bloodst.ain required. 

_ (Th~s becomes more imp~rtant as the number of genetic marker~~ examined 

in a bloodstain increases.) As more control samples are reql;lired in 

~parallel analysis, fewer bloodstains can be processed per elli~ctro-

• phoretogram (Figure 8B) .• 
" 
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It was ~uggested that problems which can occur in multisystem analysis 

(e.g., two out of the three markers being phenotyped under non-optimum 

.. conditions) are overcome by sequential analyses, i.e., analyzing one 

. -after another using only one cell. Tnis j"5 assuming that: all the 

methodologies available for individually phenotyping these markers have 

been optiml.zed. As can be seen under paragraph 4.6, "Interpre"tation," 

the new methodologies have shown that the "oldll methodologies were not 

all optimized, particularly those on cellulose acetate (e.g., EAP and 

EsD)'which is the substrate proposed for sequential ~na1ysis. 

4.6 Interpretation 

.No matter how simple or fast a'methodology on whatever subst'rate, the 

• ultimate probl~lIl is the 'interpretation of results. If the phenotype is 

clear to an inexperienced eye, then interpretation is easy. However, 

the phenotyping of bloodstains has its own problems (e.g., environmental 

degradation, reaction of the blood with the stain substrate~ etc.), and 

_therefore the analyst should not be expected to be fully prl~:Hciellt in 

interpretation'after only two weeks of training. The continuous use of 

~any electrophoretic procedure, with the use of known phenotypes, w~ll 
• 

always enhance the confidence in interpretation. 

Photographs in this sect~on illustrate the separations achieved for all 

eight genetic markers. The following discussion is intended to help the 

Teader to see the substantial improvements obtained in these separations. 

-Group I 

'The separation of the three GtO I phenotypes is shown in ~igure' 9. When 

-compared with·the starch ge~ procedure (Parr, et al, 1977), it can be 

seen that there is a substantial improvement in the separation. Al

though a storage band develops anodic to both type 2 and type 1 (see 

, Figure 9), interpretation is very easy. No rare variants have been 

reported at this time. 

. . 
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The.three common EsD phenotypes are shown in Figure 10. Again, there is 

a substantial improvement in the separation when compared with available 

'-,methodologies (see Parkin & Adams, '1975; Grunbaum~ et al, ref. 10). With 

the 'secondary gene products (i.e., the weaker band) in a type 1 showing 

a slower mobility than the primary gene product in a type 2-1 (i.e., 'the 

.· .. -1niddle strong band). there is no confusion both in hemolysates and 

.. ; 

b1oodstai,;ns (Parkin & Adams, 1975). Rare vat:iants shoula be easily 

-i.dentif ied. 

The three common PGM phenotypes are shown in Figure 11. There is a good 

,:~eparation of the band c isozymes which is important in dif£'erentiating 

.l)etween type 1 and 2-1. The separation of the PGM isozymes is equivalent 

.tothe available starch method (Culliford, 1967) and is better than that 

~.ac.hieved by Grunbaum (1974) and Zajac and Sprague (1975) (Figure 2). 

-All the rare variant~ at the P~ locus and the fast-moving variants of 

-. -the PGM
2 

locus are easily observed. . , . 
. . 

'The three ADA phenotypes are shown in Figure 12. The separation between 

the isozym7s is as good, if not better, than the method of Culliford ' 

(1971). 'Care should be t.aken when differentiati~g between a type 2 and 

at.ype 2-1. From the figure it can be seen that this differeutiation 

relies on the intensity of the 2 isozyme in re;Lation to the 1 isoenzyme. 

"'Variants of ADA should be easily identified. 

Four of the six common EAJ? phenotypes are shown in Figure 13. The sep

aratjon of the a' isozyme from both the band c isozymes is particularly 

important for easy interpretation and-it can be seen that this has been 

more than adequ.ately achieved. When. the separation iSf,,:ompared with 
// 

that reported by Wraxall & Emes <'1976), some improvem'.:int is noticed. 

Yhen this separation is compared with that of Grunbaum and Zajac (1978), 

~t will be noticed how much easier it is to interpret this imrl'roved 

. i.sozyme pattern (Figure 14). EAP phenotyping relies on the quantitative 

• 
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differentiation as well as the qualitat:lve one, and therefore the in

tensities of the isozyme bands are important. It should be remembered 

.. to compare the relative intensities of the isozymes of each phenotype, 

an~ .!!.!?E. of the different samples., (Compare types CB and B in Figure 

13). The rare variants type Rand D are separated in this system and 

are easily'identified. 

It is reported in the literature (Sensabaugh & Golden 1916, Grunbaum & 

Zajac 1978) that the use of glycerol is recommended for EAP determina

tions. Subsequent experiments have shown that the use of glycerol is not 

desirable in that it is easy to mistype a type, CB as a'type B due to 

preferential enhancement of the b isozyme over the c isozyme. If en

;hancement is required, the use of a sodium ~arbonate/glycine solut'i~m 
~ill result in more acti~ity than glycerol without the resulting prob

,1ems (see Figure 14). 

The two common AKphenotypes are shown in Figure 15. Comparisons with 

the separations of Cu11iford & Wraxa11 (lQ68) and Saenge~ & Yates (1975) 

will show improvements. Similar to ADA, differences between the types 2 

, ,:,.::~n:~'" 2~r shoulcl be care~ully. studied. 
r' ~, 

Group III 

• 

'The three Gc phenotypes ar.e shown in Figure 16. The interpretation is 

very easy and when compared with the results of Wraxa11, (1975), a great 

improvement can be seen. When compared with Johnson, e~ aI, (1975), and 

Grunbaum and Zajac (1977), the ~eparations are the same. There develops 

in dried stains a degradation product immuno1og,ically identical to the 

--Gc protein. It is the fastest moving of any Gc band and quite often it 

-occllrs outside thlil immunofixation area and therefore does not ;interfere 

with the interpretation (see Figure'S) •• All known variants of Gc are , 

easily observed. " 

.. 
The three common Hp phenotypes are shown in Figure 17. The differen

;)tiation betwe~n th~ types 2 and 2-1 can be difficult but tHe separation 

• 
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is' as good as that shown by Culliford (1971) without the 11eed for 

gradient gel equipment and is bet,ter than that of Gnmbaum (1975). The 

following points will help in the differentiation between the types 2 

~nd 2-1. Firstly, it is not always possible to see the haptoglobin' 1-

band in a haptoglobin type 2-1 Secondly,. the first two bands on the 

,type 2-1 are of equal intensity, while the first band of a type 2 is 

very weak and is found between the positions normal~y held by t~e first 

-two bands of a type 2-1. It will also be noticed that the polymer bands 

on a type 2 are positioned slightly behind those found in the type 2-1.. 

.Rare variants can be identified by using the appropriate charts. 

In any given system all the known isozymes should be vell separated to 

enable the analyst to easily identify the correct phenotype. Poor or 
. 

inadequate separations can only lead to misinterpretations. It can be 

~een from the figures that t~ere is at least equivalent separation, if 

not a subs·tantial improvement, of all of the eight enzymes and protei:ns. 
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5.0 RESULTS 

1be results obtained during the program are summarized below: 

'. 

.. 

• Discrimination. As seen from Table III, using population-data 

from ""'rhite caucasians,' a discrimination p:s:obabi1ity of 1 in 

,'.200 is possible when using the selected eigh~ genetic markers. 

The inclusion of minorities in a general population would re

duce the discrimination probability depending ~n,the percentage 

.... in any given population. For example, the 1974 California 

population consists of White 73 •. 1%, Black 7.4"(0, Hispanic 15.5%, 

and Asian 4.0%. Using the population data of·Grunbaum, et al, 

(ref 9), the discrimination probability of a general population 

in California (26.9% minorities) would be 1· in 170. 
.' . 

~ , ; ~~.:.: ..... ' 
• Bloodstain Materials. Bloodstains on both glas~.;.aQ:d"~~!i.Ol:ton 

.: ~~. . , 
fabric were easily phenotyped and, du~ing:;the 'Ctime L'aboratory 

Feasibility Testing Phase of the program, it was shown that· 

stains on a wide va'riety of other materials can be analyzed 

(Appendix B). 

• 
• Volume. Although the volume of blood allowed by the Statement 

of Work was 25 lIi; all eight genetic markers could be easily 

phenotyped using only 5.5 lIt. 

• Age. The age of the stains was required to be, four weeks; it 

was found that all eight \-an,zymes and proteins were stal.le and 

therefore able to be typed at this time. Some bloodstains 
. . 

have shown activity for si·.x of the eight systems even at 

2-1/2 months, and Hp has ~~~en determined (using the chloroform 

extr~ction .technique) in stains eight months old. 

• Analysis Time. Simultaneous analysis of the eight,genetic 

. markers has been accomplished usin~ only three electrophoretic 

FR-270Q-1Ql 5-1 
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cells as described in the methodologies (Appendix C). The 

.~nalysis ~f at least 9 samples phenotyped for all e~ght 
'.markers can be completed in 24 hours, using a maximum of 3.5 

' .• ·manhours of labor. The electrophoresis of Group II enzymes' 

·for 16 hours is carried out for the convenience 

ator, allowing him 

more efficiently. 

of the oper

to litilize the equipment and his time much 

• ~eagent Selection. Ail reagents required in the methodologies 

·are normally obtainable from more than one source in the 

:Uuited States. However, it has been recommended that certain 

. reag~nts should be obta~ned from specific supp12ers in pref

erence to others (e.g., the liquid enzymes for the reactions 

. ' . of PGM, Al<, and ADA supplied by Boeh1;inger). 

•. HeaJ.th and Safety. Thl7re are no deviations from requirements 

and Safety Act of 1975 when using 

Normal safety provisions should a~p1y. 

. ~~stablished by the Health 

. ,the reagents. 
.. 

• • Accuracy and Reliability. As can be seen from the Method 

Feasibility Test Report (Appendix A) th 
. ' .. 

• 

: ..... 

• ' e accuracy and relia-
bility of detection of the eight markers is more than 99% 
at the 90% Confidence Level • 

Trairdng. Four analysts wer t . d e ra1ne in the methodologies for 
two weeks. It c b f an e seen rom the Crime Laboratory Feasibility 
Report that this was successful All ~. a1 • ~our an ysts success-
fully phenotyped 30 blind trial samples d a~ are now routinely 
~sing most, if not all, of th e genetic markers in casework in 
their own laboratories. 

Where an analyst is familiar before training w.ith all the pheno-
types of a. particular enzyme or protein system.,;1 then the pheno
types obta1ned using these methodologies 

unambiguous results than 
give c.lea~er, mQre 

previously encounte'red. Ho~!evet, 
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'.. 1 a.ll forensic serolo-some of these marke~s are new to near y . 

~ (' GLO. . I ~nd Gc) and therefore a longer exposure to 
gists e. g., .... , . should be 'noted 
'the phenotypes than two weeks is required. It 

in the results after the first. ··that there was an improvement 

~and second blind trial. 

•. System Cost. 

·sisting of a 

required, eonThe total cost of the equipment 

refrigerated cooling bath, three electropbox:e~!c..~ 
cooling plates, two power'supplies, one ·cells, three alu~inum 

of d all the small accessories, is approximately '<'Cen tr~ uge, an " 
analysis is much less.than $25 per stain ;~3,500. The cost per 

R rt Appendix A) • . (see Feasibility '.I:est. epo , 
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6.0 CONCLUSIONS 

..After a review of the complet~d program, we have drawn the fo~lowing 
conclusions: _ 

!. 

. 1. The technical requirements have been satisf{ed. 

.2. . A four~week-oid bloodstain of only 5.5 ut of whole bloog can 

be phenotyped for eight genetic markers using'only three 

'teiecttophore tic cells. 

> 3" At ieast nine stains can be phenotyped for all eight markers 

in only 24 hours, using only 3.5 manhours of labor. 

4. there has been a vast improvement in the clarity of many 

phenotypes using less bloodstained material. 

.. Analysts competent to perform single component electrophoresis 

'can learn the methodologies for multisystem analyses in a two
week period of instruction. 

6" Analysts withdht prior experience with e1.ec.trophdresis will 

probably require more than two weeks of i"lstruction. Academic 

background and Specific work experience 90uld be important 

for the rapid understanding of all ~igh~ genetic markers. 

7·. The probability of discrimination of one person' out of 200 

a~pears to be close to the maximum achievable ''';;Ti th only t~ree 
:, ;? 

"'~'!. setups as allowed by the 'contract. Additi,onal setups would 

.. .. ' a~ 

. ·provide increased discriminating capability» as other blood 
C)' 

~enetic ma,rkers can be identified • 

The Bloodstain AnalYSis system represents a significant advance 

in forensic science in reducing time cHid eqUipment requirements 

and expanding capabiliti~s for proces1:ling eVid~nce • 
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RECONMENDATIONS_ 

.• The methodolo.gies developed under the. Bloodstain Anp.lysis 

···System program should be transferred to crime laboratory 

personnel through a specific training program. Such a 

program should be instituted as soon as poss~ble. 

'. Continuing effort should be applied to incorporate other 

blood constituents into the BAS System to provide the greatest 

po~sible discrimination. 

• Recent developments in separation techniques~ such as iso

electric focusing, indicate that much greater resolution can 

be achi~ved, which will increase discriminat~on. A consider-. 
able increase in discrimination has already been achieved in 

.this program. If still greater discriminat~on is of va~ue, 

.. there are two ways to obtain it. One is to simply add addi

·tional constituents for analysis with the existing re'commended 

hardware. This'wou1d not yield a gre~tly enhanced capability, 

but would require re~atively little effort in development. 

An alternate approach is to develop isoelectric fOCUSing 

,for use with the constituents that have been proven to 

retain prolonged enzymatic activity. .. :. ",'-'.', ~.': .. /:.: : 
.' • • ...~ • ,~o .... ,,:: "." ;. .' 

With the few constituents that have. 1;>een explored, it is 

reported that discrimination mightibe impro''''ed .several-fold. 

" 
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1.0 TEST OBJECTIVE 

Prior to presenting the Bloodstain Analysis system to selected crime labora

tories for field trials, it was required that tests be conducted to verify 

~hat the system met the requirements of the Statement 'of Work. Those re

quirements are listed below. The performance of the syste-gt for each of the 

requir,ements is discussed in Section 3 (jf this rep6rt. 

The tests were performed on January 16 and 17, 1978, in accordance with an 

approved plan. For reference, this plan is enclosed as Appendix A. This 

report is submitted in accordance ,vith paragraph 5.4.3 of tJte subcontract 
\1.' 

Statement of Work. 
• .; t- ," .. ' . 

2.0 REQUIREHENTS 'f 

'" '. .::" " 

,2.1 Accuracy and Reliability 
, ; ... 

Accurately identify the constituents in:, a minimum of.:!}Q% of th~ unknown stains. 

" 

2.2 

Perform the complete analysis on a st~,in equivalent to 50 lJl of fresh blood 

using no mo~e than half the sample. 

2.3 Degree of Individualization 

The system shall provide a probability of discritninating one person 'in 200. 

.,2.4 Rapidity 

.. 

It shall not require more than fiv~ manhours in a 24-hour. period to identify 

the constituents of one st.f\in. 

2.5 Clarity of Reading 

The reading of the stains shall be unambiguous. 
' . 

• 
(.) 
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2.6 ~osts 

It shall not cost more than $25.00 to, analyze one stain. 
',' ....... , 

3.0 RESULTS 

3.1 Summary 

The test results show the Bloodstain Analysis system met all the performance 

requirements. Using much less than 25 ~l of sample allotted, more than 90% 

of the unknown stains were accurately identified. All eight of the selected 

blood constituents were identifiable which provides a probability of dis

criminating one ~erson in 200. . . .' 
Out of 144 readings, -only one ~-lasnot correct. A minor change in t~e develop· 

~nt buffer was made to eliminate an ambiguity in that constituent. The 

system now provid~s clear and ,unambiguous phenotypes. 

" ' -, 

." With less than four manhours of work, as many as 12 samples can be processed 

in a 24-hour period. 'In practice, it may be ml:>re convenient to u~e about 26 

,hours total tfme to allow an overnight run. Capital costs of the system are 

substantially less than the $6,000 allotted. Amortized costs per analysis 

are of course dependent on usage and time. However, even with only a few 
- ' 

samples a month the cost would be less than $25.00 per sample using a five-

year depreciati.on base. Although four substrates are required, they can be 

handle4 in three set-ups. Overall, we conclude that the feasibility of th2 

proposed system has been proven anc it is readY,for presentation to selected 

crime laboratories. 
o· 

'\ 

3.2 Accuracy and Reliability 

There were a t;otal of 18 stains presented by Aerospace Corporation for ident

ification. A summary showing the code number of each sam~le, the referee 
(/ 

~naly'sis and our result is pr~sented in Table 1. 
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:~able 1. Feasibility Test Readings 
. . 

--..§.tain . Group I GrouE II GrouE III 
Code 

'Xl 

'X2 

'X3 

-1'4 
T5 . 

'X6 

'X7 

'X8 

'.1:9 

'XI0 

'Xll 

'XU 

'X13 

T14 

'E15 

T16 

T17 

'E19" 

Notes: 

-.. 

Date GLO ESD fGH ADA EAP A.'T{ Gc Hp 

12/20 2 2-1 2 l' 'BA 1 2-1 2 

12/20 2-1 1 2-1 
. 

1 CA 1 ·1 2-1 
12/20 2 2-1 2-1 1 

. .. 
A 1 1 1 

12/20 2 2-1 1 ,1 BA 1 2-1 2-1 
12/20 2-1 1 2-l 2-1 

,1,. 

B 1 1 ,2 
12/20 2 1 ' 2"1 1 l\ 1 2-1 2-1 
1'2./27 2-1 1 1 1 BA 1 ,1 1 
12/27 2 "2-1 1 1 B 1 1 1 
12/27 2 2-1 2-1 1 B 1 2 2' 

, 

12/27 2-1 .1 2-1 1 B . 1 2-1 2 . ," 

12/27 2 1 1 1 B 2-1 2"3. 2 

1/3 2 1 1 1 B 1 l 2-1 
1/3 2"1 2-1 1 1 A 1 ,2 2-1 
.1/3 2 1 l' 1 

. 
BA 1 2-1 2-1 

a 
1/3 2 2-1 2-1 

' , 

1 BA 2-1 2-1 2-1 
'I) 

1/3 2 1 1 1 B 1 1 2-1 . 1/3 2 1 1 1 BA 2-1 2-1 2-1 - - .2 . 
12/22 2-1 2-1 2"'1 2-1 j)A 1 1 2"1 

2 2-1 
. 

2 

1. 
2. 
3. 
4. 

All constituents correctly identified l~ithout question. 
Stain T14:' Hp questioned, Retestideiltified as 2. 
Stain T17: Hp questioned. Retest identified as 2. 
Stain T19: GLO questioned. Retest identified as 2. 

PGM questioned. Retest verified as 2-1. ' 
" ADA miscallerl. Test sample confirmed as 2. 

:::.' . 
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'The age of. the stain was not to exceed four weeks. 'The date at which each of 

the unkn~wn stains was deposited is also shown iq Table 1 •. The age ranged 

"from two to four weeks with seven o{ the stains being four weeks old. 

. "There vlas a tCltal of 144 read~b.gs. Of this total, there was only ~ that 

was miscalled. It was an unusual variant of ADA in a stain appro:;dmately one 

month old. Four other variants were questioned and on ~testing were typed 

correctly. The ADA variant was called a 2-1 whereas it vas a 2. During the 

-development testing this variant had not been encountered. The problem was 

.~estricted to the development of the ADA reaction and therefore did not affect 

-:the electrophoretic separation of the con$tituents of the group. The problem 

'was easily corrected by reducing the pH of the reaction buffer to 7 .. 0 thereby 

~llowing the reaction to proceed at its optimum. 

~e tests have demonstrated very conclusively that the system is capable of 

.... l1leeting the accuracy and reliabil~ty "t'~quirements. ' ... ' 
. '-

Sample Volume .'. ' ... 

~e stains were prepared by pipetting 50 \11 of blood onto cl·ean cotton cloth. 

-By comparing the area of stain used with the total area., an. estimate of the 

volume of sample used can be made. This was done and an average of 5-1/2 \11 

of each stain was used. In the cases where a retest ~'1as made, approximately 

10 J..I? were used. This is well below the allowed volume. No particular effort 

'was made to minimtze the volume used. Our d;evelopmen,t vork indicates the limit 

.of sensitivity i;Jsignificantly le.5s than our average use for these tests. 

3.4 . pegree of Individualization 

Eased on the discrimination factors available for our selected constituents, 

we have achieved the required 1 in 200 probability of discrimination. Within 

-the constraints, of the Statement of '-Tork which ~llows only three set-ups, 

there is a practical limit to the number of constituents which 'can be analyzed 

for. We have selected the constituents carefully and bel~~ve W~ h~ve achieved 

the greatest discrimination practi~al for th~ general population. 

lR-2100-l0l 
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• 

,3.5 Rapidity 
\' .. 

The analyses of th~ ei~ht constituents are handled in three 'set-ups., A time 

;log was made for each of the set-ups. For group one~ 65 minutes were recorded. 

For group two, forth -three minutes, a.l1.d group three:J 98 minutes. A total of 

·':three and a half hours were required during which a total of 12 stains were 

-identified. It is obvious that the average time.per stain is 'greatly less 

. than the allmved' five manhours • 

The total elapsed time was slightly less than 24 hours. It is possible to 

-"'Complete the analyses in 16 hours but in practice it may be 'more'. convenient 

.to take 26 hours. This would permit an overnight Itm. tli~t allows efficient 

use of hardware and technician time. 

.' 

·.3 .. 6 Clarity of Reading 

'the test samples represented a broad coverage of the variants of .the system 

"constituents. In fact, one sample contained a rar~ variant of ADA. As dis· 

,cussed previously in the section on Accuracy', this led to' an erro~eous call. 

'It was concurred by the 'Aerospace Corporation observer that the clarity of 

. the phenototypes was very acceptable. This is substantiated by the fact that· 

-of the 144 readings only four were not easily readable and a retest was 

required. 

, 

With the correction of ADA, it can be concluded that the system meets the 

requirement for clarity of reading in providing unambiguous phenotypes. 

." 
~ost Per Analysis 

::. Detailed hardware costs have been presented to the Aerospace Corporation. 

The total capital costs for the recommended system is ~pproximately $2,000. 

'This is only.a ~raction of the $6,000 limit. Costs for chemicals and other 

expendables would probably not. exceed $500 for about 100 analyses. Some 

chemicals have a limited shelf life. The total cost per analysis will vary 

• with the number of samples processed over the life of the equipment ~ As suming 

'8 five year life, only one sample a week need be processed to keep the average 

cost under $25.00. 

• 
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1.0 PBJECTIVE 

'''Prior to presenting 

~. '"', ,,", 

',0-' ........ 

" 

" . ..... 

the Bloodstal.·n Analysis system to selected crime labora-

torie~ fOl:' fieltf t:rials, it must be demonstrated that the system s?-tisfies 

the criteria of the Statement ofifork. It is the objective of the Feasibility 

Tests to verify that these. criteria have· been mett · For conveni~nce, the 

'eriteria from the S.O.W. are listed here. The, plan provides details as to 

how each crit~rium is addressed and how specific tests will be performed. 

• Accuracy and Reliability 

Accurately identify the constituents in a minimum of 90% of the 

'unknown stains,. 

• Sample Volume 
", 

" Perform the complete analysii on a stain equivalent to 50 pI of 
", 

" fresh blood using no more than half the sample. 

• Degree of ~ndividualization 

The system shall provide a probability of discriminating one person 

• • 

• 

in 200. , , 
" 

Rapidity ~ " ' 

It shall not require more than five manhours in a 24-hour period 

to identify the constituents of one s'tain. 

Clarity of Reading 

The reading of the stains shall be una.mbigu.ous. 

'. posts 

..It shall not cost more than $25.00 to oll\nalyze one stain. 

" 
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2.~ TEST SA}1PLES 

Beckman Instruments ~:nl supply clean cotton cloth to the Aerospac.:e Corporation 

'-for staining. A single stained spot containing 50 lliof whole blood lVil+ con

,stitute one sample. The stain '(vill be deposite~ and allowed to' air dry at 

:ambient temperature in a clean laboratory environment. The stained cloth shall 

be protected from contamination. 

Aerospace shall retain in a frozen form portions of the test samples as Serum 

and hemolysate. These samples ~ay be analyzed in the event of a difference 

between the feasibility test results and the referee coded results. Approx

imately 18 samples shall be presented for test after aging a maximum of four 

-weeks. ; , 

'Prior to the Feasibility 'tests', a comparative analysis wi.11 be made on samples 

by the referee laboratory and Beckman. There should be approximately 14 such 

'" ,samples te~ted. :.;.' 

3.0 ASSESSING PERFORKA.NCE .. 
.' ~ " 

3.1 Accuracy and Reliability 

-ne variants present in each constituent which is a part ~fthe analysis system 

will be identified and logged under the code number for each stain analyzed. 

A compari.son of the test results will then be made against the referee results 

'0£ record as provided by Aerospace personnel at completion of the test. The 

~tain shall 'be judged to be identified correctly if the test results agree 

with the referee results. 

,"!he percent of the stains accurately identified will then be calculated. A 

mistrial shall not be part of the percent accuracy calculation. 

3.2 Sample Volume 

~e complete analysis shall be tnade )'Y',cutting out one-half of the stained 
• .' \\ II~'-
area of cloth whicp. should contain tine equivalent of 25 pI of whole blood. 
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3'.3 Dearee of Individualization 
=w.= 

'The index of discrimination for ea~h of. the constituents of the Bloodstain 

Analysis system shall be obtained from published data from a source acceptable 

,to Beclonan and Aerospace. Based on the demonstrated capability to identify a 

constituent~ the c.umulative de~ree of individualization shall be calculated. 

3.4 Rapidity 

It is planned to have one individu.al perform the analysis and identification 

-of all of the test stains. A time log will be made so that the total f'hands

.ontl time to analyze one stain can be measured. The time shall accumulate 

1Nhen the coded stains are available to the laboratory technician. SO that work 

,.directly asso"ciated with the analysis can begin. The time required by the 

v technician to perform each t.as~ will be noted. ·Intervals of time for electro

"1?horesis, incubation, or other steps which do not require technician partic

',,:ipation shall not be included. Th.e total'time from beginning the _analyses 

-until the last of the system constituents have been identified shall be noted. 

'. . " .. 
3.5 Costs 

The costs of reagents and, supplies will be det~rmined from price~ of recent 

procurements. The cost of analysis per stain shall be calculated on the 

. t of .the amounts of materials used. The cost of tne hardware proport10nate ~os 
involved in making the electrophoretic separ,ation sha!.! be provided to 

Aerospace ,Corporation and shall be based on the latest published sales price 

'-of the equipment inVOlved. 

~'3.6 Clarity of Readings 

No unusual or exotic lighting or optical aids will be used in the phenotyping. 
<,' 

Proof of the clarity of readings will be in meeting the accuracy requirements. 

" 

" 
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,4 .. 0 . METHODOLOGY. .,' 

Test Set-Up 

, XI:e procedure for the analysi's of each constituent is included in an attach

,ment to this plan. The procedures shall be followed, aswritten, in iden

tifying each of the test samples. 

5.0 PHENOTYPING 

,PhenQtyping shall be' done by the laboratorian performing the analyses.. The 

~phenotyping readings shall be recorded by an observer' £rem Beckman Instruments 

and witnessed by an Aerospace representative. 

·In the event a phenotype cannot be interpreted, the validity of the test shall 

,. be ques tioned. This will be done in .. d 'i h h f 11 accor ance w t teo owing se.ction 
, titled 'His trial. 

6.0 MISTRIAL 
: '~.' 

A sample whose constituents are known shall be used as a standard: One or 

more standards may be used with each gel ~late. If the standard sample does 

~ot separate and react in the normal manner to produce a readable phenotype, 

a mistrial shall be declared. The cause of the abnormal result shall be 

. determined and corrected before' continuing -the feasibility test. 

7.0 STATISTICAL SIGNIFICANCE OF TEST RESULTS 

It is planned to analyze 18 stains. Eight constituents ~n each will be iden-
tified. " 

As this isa qualitative There 'C.;rill then be a total 0:(: 11~4 readings. 

'. 

DTP"2700-80l A-16 

t .... .' 

, 

[ 

L 

[ 

[ 
r .. 
~ 

r 
L 

[ 

r 
~, 

r 
L. 

[ 

( 

i 
, J 

-------- . 



'. .,. 
t· 

(' 

c 

I 
( 

I 
[" 

. .. ' . (' ... 

0' ' 

... 

,l1&TI.tODOLOGIE..§. 

on 

. ,' 

..... '. ;, 

.", . .~. . '. . 

... ' ... 

" 

. ,' 

",.,' ... 

·'(Tliese methodologies have been supercedell by those 
. :in Appendix C) 

f. I .. 

" ., 

" ' . ' .. ~ ... ' 
" . " . 

'. ! ~ '. ,.-

... '.' 

" 

'. 

A-17 

'. -'t" ...... .. , 

:' 

. . 

". '" , ., 

' .. ", ...... 

".: , ........ ' 

.' 

',.' ',' 

_ .. _. . . . 

" . 

\'{ 

I
II .,., 

'. . ....... 
1/ 
! 

" 

j 

I 

• 

L, 
·3.0 

~ .. <::~: 
'..; . METHODOLOGIES 

.3.1 General 
.. 

~ 
[1 
[1 

1:he follo~ving notes apply to all three groups • 

[ ~ 
[ : 

• Buffers. All chemicai$ used in buffer making should be of very 

pure grade. The weights given in-the metilod~logy sheets should 

~lways be checked against the molarities ~hich are also given • 

The pH of any buffer should be carefully checked bef~re use. 

All buffers are best stored in the refxigerator •. Approximately 

. 800 ml of buffer are required to fill a tank to the upp~r line • 

~.The tank buffer should only be used for five el,ectrophoretic :;1 

~eparations and then discarded. The reaction buffers are best 
" 

made only in small quantities and care should be taken to clean 

,the containers before re-use. 

,[ 
. .. 

;.-. \ ' .. ', 
,e: ,Bridges. Sponge bridges are· used although some manufacturers do ." ,[ 

...... ·?:~::.employ softeners and fungicides which can cause prob.lems during . " ':' 

_,·,-electrophoresis. Therefore all bridges should lpe careflllly ':,' [ 

:. '~'. :~ashe.d. ~~ distilled water before use. .If~ hOwe~iT~r, prob~ems : .. : ..... :,' .. ::;~. ::. : 

•. . .; .~:::~~U~:h::i::::e s::u::u:e t::~:s::: ::a:::h 3: :: be .;.:. /( 
. - ',: ':: :' .. .!:~"::·}:·~lectrophoretic plate and held in c~nt'act with 'the gel by ~e·ans. "~.)i~/~.~: 

. '., : " ',o~ a second glass plate which is plac~d on top. . '. ~ .~ ... .::.;-;: .... :.;'.... :: i[ 

'. 

.. 

. - A.. . '. . : ~'..' f .~, .. ' "::t .; .. ~ •• 

: e 

• 

Reducing Agents. All reducing agents should be. prepared ;~~~~ ... : .. ;:><~[: 
:. 'Weekly and stored while not in use in a refrige:rator. 

.ijaemolysates are prepared by wa~hing. 'Whole red ~el1s three 

~ times with saline and lysed 0, They are best st()red in the pres

. ence of reducing agents ° 

Electrophoresis. 

very accurate so 

checked by using 

The meters on some power sUJi~plies are not 

the r\ltage bett.reen the brid:,ges are best 

a '\70 l\:'me ter • The times givElin for electro-

phoresis should be strictly adhered to or elise there lvill be 

overlap of one enzyme ,lvith another. . 
• 
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should be taken here Stainin5' When using paper overlays care 

reactl' on mixture which ,(-1i11 cause diffusion of to avoid excess 

b ds When ~sing ac:rar overlays~ the 2% agar is the enzyme an • 0 • 

. first b~iled and the constituents are mixed together 'tn.th the 

, b - -. The agar is cooled in running water to approx-reactl.on utter. 

d' d' a'tely ~mately 55°C, mixed with the reaction mixture an l.mme l. 

'poured over the surface of the gel. 

Group I 

1 d t ch and boiling d by W"'1.' ghing the agarose and hydro yze s ar The gel is prepare ~ 

. d Th el is poured ,into the gel mold, 'until all the agarose has L\issolve. e g,:, /' '. ' . 

which should .be on a level su~face, and immediately scrape~,~Slng ~he plastic 

d even I-nun-thick gel.. _ ' "\ .. : •... ,'. scraper so as to pro uce an .. ..... . '. ' . _ ~ ., .:' " 

:~,. - .. ' .. . 
removed and soaked, rn a minimum One-rom-thick strips of stain, 1 cm long,' are 

Slots are cut in the gel using the m~,t~l slo.t.n:~~er~ ." j of red':lcing agent. _. . 

. . 1 d f' . t' 'Care should be taken .After electrophoresis, Esterase D 1.S deve ope rrs:. . , . . 

to dissolve the Methyl Umbelliferyl Aeetat,e; t~lS not to use too much acetone 

.. 

of ba~koc:rround flu'o~esce~ce. ~ After leaving the .will produce a large amount 

, . 'f4ve minutes. the Esteras'~ D banding can be read plate at room t~mperature for • • 

. .' of t'he.. Estera~e' D' 2 ba~d should' he . m~~ked ' as under UV light. The pos1.tion . 

, between the GLO' I' 'and the PGH rea.~tion this uill discern t~e dividing· line -' 1,1' ~ •• 

... • 1 ••• :".,-.. _:: __ : ..... !,_. ,." ::" .:. mixtures. 
~ .... . . 

.,. " • .......... " ••• .. .. .. o· •• • .' .. ....., .. .. '.~. . 
by' ·'~~~~n'g 1.2;··m.l 0'£ 40% Methyl Glyoxal 'the 2.5% Methyl Glyoxal is prepaLred 

to 20 ml of distilled water and adjusting to pH 7 'W'i~h a 1%" s6lutior: of 

'd The 40d-ine s .. blution is prepared by di~,solving the potassium . sodium hydrox1. e. 4_ 

11 d t The solution is allowed to . iodide and the iodine in 5 ml of disti e wa er. . 

d then added to the remaining 25 ml of distilled water . stand for 24 hours an 

a, d"rk amber bottle. To visualize the Glyoxalase I • filtered and stored in ... 

ba~ds, the ioaine solution should.be adde to t e agarose d h . solution when it is 

hot and immediately poured onto the surface of the gel. 

. . 
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3.3 Croun II 

The gel is prepared by adding hydrolized starch to the gel buffer, bringing 

to the boil by he~ting in a 250 rol Erlymeyer flask. (Nqte: the flask should 

..be kept: moving in' the fla.lle to aV~id burning of the gel!) When bOiling, the 

.$el 1s degassed using a vacuum pump drawing approximately 15 psi pressure and 

.then poured into the gel mold. The 'starch solution is,immedia~ely leveled to 

,~ 1 mm gel by using the gel scraper,·care being taken to insure that the mold 
.1.s on a level surface before pouring • 

" .. 
~tains are prepared by cutting I-nun-thick strips, .1 em long from ~he' stain 

"and soaking t\fith the minimum amount of reducing agent. 4pplication slots are 

cut int the gel using the metal slot makers. The applica.t,ion of stains or 

~lysates to the gel should be kept as 'narrow as possible so as to produce sharp 
isozyme banding. 

. , 
. . . ";.:. 

. ,:After electropho£:'esis it will be noted that the cat,hodic portion of the gel is . , 

.,.covere? with condensation droplets •. These should be removed by blotting with 

:. . " ... 

.'l1hatman 3MM paper. EAP is developed in an area 1 em cathodic of' the origin 

to 7 cm anodic of the·origin. ADA is developed anodic to'the EAP area. Care .. . 

" 

[ 

,'.[ 
, ., 

.. ::[':; 
: ... 

.' 

.' ~ ... 
';: .. [' . , 

, , ' 

-" ... : 
.. 10". 

should be t;aken not to expose the ADA reaction mixture tq strong light" After' ~.r 
the EAP results .have been reco~ded the cathodic half of the' ~el should again ,,\: ':i ~:: 

. .:~~bto~t:a~::~:r:::o~~ri:~ tM.ma withAK reactio~ '~~7;e: .: :>e ::F~~~~ 
.. ~e im;~~tant point to note here is that. the acrylamide :a:.d agaro:~' :e:s ca~' ': '.: -;' ::f 

. . ........ . 
' be, run in the same tank at the same time. For screening .pf· s~rum both p]:oteins ,' .. ~ 
can. be phenotyped using the acrylamide gel. Ht>wever-;t the degradatio~ product ~ .. [ 
that is found in varying amounts in stains ':1nfortunately 'migrates amon~st the ,' . 

Gc band~ and can lead to misinterpretation. Therefore. all stains must be i':t 
,'phenotyped for Gc using the agarose g~l. \' . '. c",: ' 

.. 

. r:' 

Acrylamide. The acrylamide gel is prepared by dissolving all 

-the constituenr:::s in the b.uffer, degassing and pouring .into the 

gel mold. A clean glass plate l.·s f 11 1 
care u y over aid, excluding 

• 
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. and the gel allowed to polymerize for 30 to 45 ...,aU the au 

minutes. Several gels may be made at the same time and then 

stored in,the refrigerator. When the gel is ready for use 

""the' top .. ~~~t~. i~ r,emoved by carefully inserting a razor 

.blade be~.e~~:"~he two plates and gently levering tile upper 
-. ".;}'. " ~'!'-.,' ..... "" 

plate from the gel. 

• }.S~· Thl.·s is prepared by dissolving the agarose in gel 

~uffer by boiling and pouring the hot solution onto a plain 

glass plate on a level surface and allowing to solidify. 

Extraction. The amount of stain required to obtain results -

:will be decided by experience but the site gi.ven (i.e., 3 x 

3 mm) is recommended l-{hen. using cotton, cloth as the sub,str.ate. 

7he amount of buffer required again will be decided by 

experience but each gel uses approximately 10 mm of ext~act 

. for each applicat,ion. It i~' important, ,however; to. c;>btain " 

. ' ,'"e~ 'clear extracts or' baCkground smearing on the gels ~ill 
. It Tanger centrifugation can be used i.f necessary. :,resu • .u _ 

" 

• lP.plication. The two-sided metal slot makers are used for 

"~ "lnaking the application s19ts~ For serum samples th7 anodic 

. ~lit only ~s used. One serum. sample sh~uld co~tain bromophenol " , 

blue as the marker. For stains a 1.5 mm wide plug ,of gel is -

removed a;d th~ stain "extract carefully pipetted into the 

·well. It is preferable ~o start both gels at the same time 

removing the agarose after two hours and a110wing the aciy- . . 
lamide ~o continue for a further two. hours. 

... .... • ,lm.'nunofixation-A9:arose, After tl-10 hours the. albumen as 

~oted by the position of the tagged bromophenol blue has 

traveled approximately 10 cm and the hemoglobin about 4.0 cm. 

The cellulose acetate membrane overlay containing the d~luted 
anti-serum' should not be too dr,y and is pla,ced on' the ge 1 

approximately 5.5 cm from the origin and cov~ring the whole 

• 
. -
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::w toe agaros • id h f th 'e It is al.lowe,d to incubate for t~vo 
hours at room temperature in a moist atmosphere. 

tmmunofi:~ation-Ac.rylamide. After elect.rophoresis the gel 

,is divided just ahead of the henoglob'in band (which has 

:moved approximately 6 cm) and the cathodic portion of the 

·gel removed into a staining dish, If required a cellulose 

acetate membrane soaked in diluted anti-serum 'is overlaid 

.. on the remaining portion of the' gel at the dividing line • 

7his is allo\ved· to incubate at room temperature for two hours 

'- (or overnight if this is more convenient). 

• Staining. The haptoglobin is stained itnI::ediately aft~/ar 

. . electrophoresis using the orthotolidine mixture. If the 

.~esults are too weak the percentage of, peroxide should be 

increased. If, ho\vever, there is bubb ling within the gel 

.the peroxide c~ntent should be reduced • 

.. 
,.7he agarose is reduced to a very thin film by'overlaying the 

'gel with wet l-lhatman 1 paper and several thicknesses of 

, ~lotting paper and applying approximately 5 kilograms weight 

for 30 minutes. The gel is thp.n washed overnight in a I 

·molar saline solution, repressed for 30 minutes and dried 

.:in an oven at approximately ?5°C for 15 minutes. The Gc 

bands can then be visualized by staining in Coomassie blue 

"£or five minutes and destCl.ined ·in' tlie higher methanol de-
,stain solution. ," 

:1£ irnrnunofixation has been carried out on the acrylamide no pressing and very 

little 'tvashing is required. The bands are visualized by itmnersing in 

Coomassie blue stain for 30 seconds. (Any longer and th~ acry~amide gel 'vill 

take up the' stain '(vhich is very difficult to remove.) Destaining is carried 
.out using the lmver methanol destain solution. 
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,;'CRIME LABORATORY DEMONSTRATION TEST REPORT 
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1..0 INTRODUCTION 

. ---'The development of the Bloodstain Analysis System was based on t:€sts with 

.. 

--aged l)loodstains from glass slides and cotton cloth. These stains were 

made under controlled conditions to provide reproducible test conditions. 

The crime laboratory demonstration tests were conducted to obtain ,an 

'independent appraisal of the system's J capabili ties to perform in the 

_actual environment of the criminalistic laboratory. The ability of the 

·~ystem to'cope with various types of bloodstains ·deposited on, or ab

sorbed by, various materials was determineqJbY these tests. The par

ticipati.on of the crime laboratories also served to show how effectively 

'tnis technology could be transferred to trained serologists~ 

The demonstration test period iasted approximately three months. In the 
" . beginning, personnel trom four participating laboratories completed a two-

week training program conducted in Beckman laboratories. 

"The laboratories represente~ were selected by The Aerospace Corporation. 

Participating personnel were from the Georgia Bureau of Investigation, 

the Los Angeles County Sheriff's Office, the Minnesota State Police, and 

the New Jersey State Police. 

'Subsequent to the training program, the system hardware was shipl?ed to 

the various participating crime laboratories. Each individual received 

.the same hardware on which he had been trained •. After the system hard

ware had been received and put into operation at the crime laboratories, 

blind trial sample: were 'given,out to permit checking the'accuracy of 

analysis at each laboratory. 

Results of tllesetests, and reports from the serologists, permitted an 

evaluation of the overall utility elf the Bloodstain Analysis System under 

'. 
. . 
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,2.0 TRAINING PROGRAM 

A Tepresentative serologist from each of the four evaluating crime labora

~ories, plus observers from both the FBI laboratory and The Aerospace 

Corporation, began a training course at the Beckman laboratories on 

..January 30, 1978. The ,course was 'conducted by Brian lh'axall with the 

~ssistance of Gary Harmor, and followed the schedule out1ined in Table I. 

~e two-week course followed the schedule exactly with each serologist 

completing each group five times. For tpe last three attempts at each 

group, blind samples consisting of bloodstains of varying ages were 

analyzed. Although some serologists had some problems in interpretation. 

of phenotypes with which they were unfamiliar, by the end of the training 

'course v~ry few mistakes were ,being made. 

At the completion of the course, the equipment--including the method' 

.,manual and all the biochemicals--was' packed and shipped to the four crime 

laboratories. Each serologist assembled the equipment in his own labora

'tory and established a routine system very quickly. Some serologists were 

subjected to the pressure'of casework and therefore were not able to devote 

all their time to the new methodologies. The effects of this can be seen 

.in the initial blind trial results. However, close contact was maintained 

between the instructors and the students to ensure that any problems could 

be' resolved. The problems that were encountered were very minor and in

cluded broken electrode wires 1 r~ducing agent being too strong, and GLO I 

'reaction being ,V'eak. These difficulties were easily' resolved, and within 

a few weeks all the ,serologists had their complete systems working routinely. 
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., !l'ABLE' Ie TRAINING SCHEDULE (January 30 to Fepruary 10) 

1st Week 

'Monday: 

'Tuesday: 

Wednesday: 

. Thursday: 

-Friday: 

2nd Week 

Monday: 

'Tuesday: 

Wednesday: 

Thursday: 

Friday: 

.. 

F~-2700-1Ql 

_ ...... _ .... 4 . , 

Welcome and Introduction.. .' 
.Introduction to Multisystem Analys1s 

. and Aims of the Course 
"L~boratory Inspection and ~quipment 

. Setup 
Group I Demonstration 

Group I (1) 
Group II Demonstration 

Group I (2) + Stains 
Group II (1) 
.Group III Demons tra tion 

Group III (1) 
Group II (2) + Stains 

Group III' (2) + Stains 
Lab Cleanup 
Buffer Replacement 
Summary and Question Session 

Group I (3) 
Group II (3) 
Group I Interpretation 

Group III (3) 
Group II '(4) 
Group II Interpretation 

Group I (4) 
Group III (4) 
Group III Interpretation 

Group I (S) 
Group III ,(5) 
Group II (5) 

Options on Groups I and III 
Dismantle Equipment 
Summary and Conclusion 
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Jean .Bordeaux. 

"Brian ~vraxall 
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"3.0 -BLIND TRIAL 

:']'our weeks after the compl,etion of the t:r:aining course, the blind trial 

;'program was started. This consisted of sending a batch of six blood

stains of varying ages to each ,serologist for phenotyping in all eight 

.genetic markers. Five such batches of stains were sent out over a 

two~month period. When the analysis was completed, the results were 

returned to Beckman for checking. Twenty-four out of a possible 

twenty-seven common phenotypes of the eight genetic markers were used 
.in the,trials. 
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4.0 RESULTS 

,~e results obtained from the blind trials' are summarized in Table II. 

'Out of a total of 912 'readings, only one reading was made incorrectly. 

. This result was a Gc type 2-1 being called a type 1.. The analyst was 

unfamiliar with phenotyping Gc, and from .the photograph of the result, 

it was obvious that the phenotype of that particular sample sh0~ld not 

have been called. It can be seen from the results that there is an in-

_crease in the number of pos~tive readings given ~th each .successive 

trial·, and as each analyst acquires more confidenc~ from co~pleting 

1nore tests, so the quality of the results incr~ases. It should also 

,be noted that every blind trial was sent to each crime laboratory at 

the same time, but due to excessive casework in some laboratories the 

.. 

I d t the S ame time--hence the difference samples were not a1't~ays ana yze a 

in age of the stains from laboratory-to-Iaboratory. This is most,no

ticeable in laboratory D where some stains are very o1d; which would 

account for the high number of questioned and n,e-activity results. 

~t should also be noted that due to excessive casewor~ laboratory A 

is routinely testing only for Groups I and II. 

• 
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':Any technique, however well it behaves in the research laboratory, is use

less unless it can be used successfully·in the crime laboratory. It has 

been demonstrated t~.~~t these methodologies can be used suc~essfuliy on 

case material in the crime lab 0 r\1a tory • Three of the four evaluating 
'", 

laboratories have routinely been u.sing all three groups (Le., eight 

genetic markers) on case material and reporting the results. The fourth 

laboratory is using routinely and reporting the results of Groups I and 

II (i.e., six genetic markers). In the process of evaluation, many dif

. ferent materials containing bloodstains were encountered. These included 

the following fabrics: wool, cotton, silk, vinyl, nylon, polyester, 

-:denim, corduroy, carpeting, and other fabrics representing synthetic fibers. 

Also examined were paper, wood, metal, glass, leather, concrete, and 

.fingernails. No problems were encountered that could specifically be 
.. 

· .. attributed to the material contain;i.ng the bloodstains. All four labora-

tories have replaced their old methodologies with the new because they are 

achieving not only better results from the markers that they normally ex

amine, but more information from the same amount of hloodstain in the same 
-amount of time. 

'The following examples are. 'from actual cases examined using the new 

methods. The laboratorj,~s are not identified for obvious re?sons, but 

there is one example frqtn each laboratory. 

5.1 Laboratory. I 

A homicide occurred eatlier in the year. Victim and suspect blood samples 

were taken and were submitted to the laboratory together with blood from 

the scene (swabbed by a piece of wetted cot;:ton cloth) and a bloodstained 

knife. The blood s;.tmples were refrigerated and the stains stored at rootp. , 
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'l'ABLE II. CRIME LABORATORY DEMONSTRA'I!ION ...;. BLIND !1!RIALS 

Cr:fme Blind No. of No. of Laboratory Trial Stains Readings Correct· 

1st 6 48 32 2nd 6 36 31 
A 3rd 6 36 36 4th 6 36 36 5th 6 36 -1.§. 

192* Total 30 171 

1st 6 48 37 2nd 6 48 48, 
B ~rd 6 48 46 . 4th 6 . 48 48 . . 5th ~ 48 48 , m 22'7 Total 30 

, 

1st 6 48 48 . 2nd 6 48 48 C . 3rd 6 48 48 4th 6 48 48 5th 6 48 4.8 - - ill Total 30 240 ' 

1st • 6 48 ,36 
2nd 6 48 37 '3rd, 'r, 6 48 33 

D 
4th " 6 48 45 . \I,~ 
5th " \1: 48 47 '\) 

30 ill 198' Total 

*Group III not run on BT 2-5 becausb' of e:,tcessive casework 

, I 

In- Quest- No Age of correct Honed Activity Stai-ns 

- 13 3 3-5 wks - 1 4 1-4 wks ,.. . - - 4-6 wks - - . ... 4-5 wks - - - 4-7 wks - 14 -7 

- 2 9 3-5 wks - ... - 1-4 wks - 2 - 2-4 wks - - - 3·-4 wks - - - 3-6 wks - "4 9' - , 

- ... - 3-5 wks - - - 1-4 wks - - ... 3-5 wks - - - 3-4 wks - - - 4-7 wks - - -, 

4 
. 

8 6-8 wks -
1 7 :3 2-5 '~k9 

. 
I' 

4 ,11 4-6 'Nks -'. 

. , 

4-5 wks - 3 -
1 3-6 wks - - . Y - 22 19 
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-temperature for 2-1/2 months. After this time, the case was examined and 
:the following re.sults obtained: 

" ' 

Sample Age of 
Sample GLO I EsD PGM ADA EAP AK Gc Hp 

Stain from floor 12 wks - -.,' 2 1 B 1 1 2-1 
Stain on knife 12 wks - - 2 1 B 1 1 2-1 

. Victim's blood 12 wks incon- 1 2 1 B 1 1 2-1 
elusive 

Suspect's blood 12 wks 'I 1 1 1 BA 1 2-1 2-1 

'These results confirm what was observed during the optimization phase of 

the project in that GLO I and EsD are the least persistent in stains and 

that it is possible to type bloodstains much older than 4 weeks. 

5.2 ~boratory 2 
. :--. 

-A case of auto theft occurred where the perpetrator bled in the aQtomobile. 
" /' 

A suspect was apprehended and a sample of his blood, his bloodstained 

'clothing, and the bloodstain from the truck submitted to the laboratory. 
The follo~ing results were obtained. 

Sample 
Age of 
Sample GLO I EsD PGl-! ADA EAP AI< Gc Hp 

.' 
Suspect's blood Unknown 2 1 2-1 2-1 B 1 2 2 
Blue Jeans Unknown 2 1 2-1 2-1 B 1 2 2 
Stain from truck Unknown 2 1 2-1 2-1 'B 1 2 2 

It can be seen that the bloodstains match the suspect's blood. The frequency 

~f occurrence in a general population of this combination of blood groups is 

1 person in 14,000 (0.0069%). ,This laboratory, prior to the training course, 

was phenotyping bloodstains for EsD, PGM, and EAP. If only these genetic 

markers had been examined in this case, the frequency of occurrence would 

'. 
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have been 1 person in 10 (10.36%). Obviously t;he new meth,?dologies are 

'·able'tp provide a substa~tial incr~ase in the evidential value of the 

s'erological resul ts. 

~ ., j ,." . ' 
5.3 ,Laboratory 3 

r t 

.A mq,n was disturbed burglarizing a trailer home by the owner and his son. 
A fight ensued whereby all three people were injured. A suspect was 
'arrested, and his clothirlg plus bloodstains from the scene were submitted 

for analysis. The following results were obtained. 

Age of 
Sample Sample GLO I EsD PGM ADA EAP AK 

Owner's blood Unknown 2-1 1 ' 2-1 1 B 1 
Son's blood Unknown 1 1 2-1 l' B 1 
Suspect's blood Unknown 2-1 1 2 2-1 B 1 
Stain from porch Unknown 2-1 1 .2-1 1. B 1 
Stain from in-
side trailer ttl Unknown 1 1 2-1 1: B 1 
Stain from in-
side trailer 112 Unknown 2-1 1 2 2-1 B 1 
Stain from back 
steps Unknown 2-1 1 2 2-1 B 1 
Stain from sus-
pect's clothing Unknown 2-1 1 2 2-1 B 1 

"This laboratory, prior to the training course, Wps grouping bloodstains 

,only for the ABO and the PGH system,. In this case, a11 three persons were 

:the same ABO group (type A) and the owner and his son could not be differ-
. . 

ent~ated in the PGM system. It can be seen that bloodstains from three 

.different people are present at the scene and that they match the three 

~eople involved~ The blood grouping results helped to substantiate the 

victims' stories and disprove the story of the suspect. 

'. 
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5.4 l.aboratory 4 '. 

This case concerns the assault, battery; and rape of a woman. Tt170 sus

~'pects were arrested, both of lolhom had a very small bloodstain on their own 

-pants. The blood samples from the victim and the two suspects we~e analyzed 

.£or Groups I, II, and III. There 'olas only sufficient bloodstain for one . ---
~est, so only one group could be used. The best differentiation W?S in 

Group II as follows: 

. Sample Sample ADA EAP AI{ 
I 

, Victim.' s blood 6 weeks 1 B 2-1 

!II Suspect's blood 6 weeks 1 B 1 

f/2 Suspect's blood 6 weeks 1 BA 2-1 

Pants from s,~spect 
!II 6 weeks 1 R 2-1 

Pants from suspect . 
12 6 weeks 1 BA .2...;1 

~n 

/' 

It can be seen that the bloodstain on the pants from suspect III matches 

the victim, while the stain from the pants of suspect 112 is similar to 

.hi's own blood. Prior to the training course, this laboratory wa('c'r-0t 

phenotyping for AK or ADA, and therefore it would not have been possible 

to differentiate in all three genetic markers on such a small bloodstain. 

(, 
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6.0 Conclusions . " 

':The results obtained in th ' ese case e~amples show conclusively that these 

new metho'dologies, having phenotyped old and very small bloodstains 

have the capability of differentiation, individualization: and OP~i~i
~ation of serological evidence. 
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APPENDIX C 

",DESCRIPTION OF METHODOLOGY 

. . 

" 

~, 

.. 

'. 
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!1ETHODOLOGY (Sheet IA) 

SYSTEM: Group I--GLO I/EsD/PGM 

'TANK BUFFER: 

-pH 7 .. 4 

GEL BUFFER: 

pH 7.4 

TYPE STRENGTH 
.. AND VOLUHE: 

APPLICATION: 

CONTROLS: 

12.11 g'Trizma Base (0.1 M) 
11.62 g Maleic acid (O.~ M) 
2.92 g EDTA free acid (0.01 M) 
2.03 g Mg C1206H20 (0.01 M) 
6.0 g NaOH (0.15 M) 

1:15 dilution· of tank buffer 

~; I 

, 1 liter distilled H20 

30-ml tank buffer plus 
420 ml distilled H

2
0 

1 rom thin gel, 1% Agarose, Sigma Type I, 2% Hydrolyzed 
Starch 

20 em x 20 em 50 ml buffer 0.5 g agarose 1.0 g starch 
20 cm x 15 cm 40 ml buffer 0.4 g agarose 0.8 g starch 

- 20 em x 10 cm 20 ml buffer 0.2 g agarose 0.4 g starch 

Lysate c} 

2 drops neat lysate 
1 drop 0.05 MCleland's 

Reagent (Dithiothretol) 
Allow to mix. One cotton 

thread insert, size 8 

GLO I 2-1 
EsD 2-1 
PGM " 2-1 

Stain 

Soak with Cieland's 
Reagent (0.05 H) 
(7.7 mg/ml) for 10 min 

Origin 

3 em from cathode 

1\ 

TEMPERATURE On cooling plate at 5°C with tank buffer at room 
1lND.:CQUTIITIONS: tempera t~re 

:VOLTAGE PLUS 
TIME: 

FR-2700-101 

. -...... ' 
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400 V (20 V/cm) 2.5 hours 
300 V (15 V/cm) 3.5 hours 
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REACTION 
BUFFERS: 

, ,REACTION 
MIXTURES: 

-

EsD 

METHODOLOGY (Sheet lB) 

0.41 g Sodium acetate anhyd (0.05 M) 
Adjust to pH 6.5 with 1% acetic acid 

" 

"PGM' 1.2 gUTrizma Base (0.1 M) 
0 .. 40 g Hg C12·6Il20 

100 ml H20, 

, -pH 6.5 

,.100 ml H
2

0 

-pH 8.0 Adjust to pHS.O with l:l HCl 

-GLO I 2.42 g NaH2 PO,+, alt~~d (0.2 11) 
1.31 g Na2H P04" anhyd (0.11 }1) 

EsD 

Iodine solution: 1.65 g KI 
'2.54. I2' 0 

'30 ml H20 

Di$solve in warm H20 
Stir for 5 min and 
filter 
Store in stoppered 
dark bottle at 4°C 

4 mg MIT acetate dissolved in a small amount of acetone 
.(apptbximately 300 lll) and made up to 10 m1 with re
action buffer. Soak onto ~fuatman 3MM paper 10 cm wide 

(for 20 x 15 PGM 10 g 2% agar at 55~C 
"em plate) 

'. 

NOTES: 1. 

2. 
. y 3. 

4. 

FR-2700-101 

" 
.. ,.. .... . , 

GLO I 

a. 

b. 

35 mg Glucose-I-phosphate + 1% G-1-6 P2 
.2.0 mg NADP, sodium salt 
5 pI G6PD (1.7 iu/plate) 
,2.3 mg MITT . 
2.5mg PHS 
10 ml PGH reaction buffer 

12 mg reduced glutathione 
50 III 40% l-1ethyl glyoxal 
.10 m1 GLO I reaction buffer 
Soak onto Whatman 3J:.IH paper 

0.5 g Agarose Sigma Type I· 
30 ml H20 
'0.2 m1 Iodine solution 

Place Whatman paper from origin forward. Leave ,at room 
temperature for 5 minutes. Read EsD by using UV light. Mark " 
:position of EsD 2 band. Remove 'Whatman paper, blot dry" 
Divide gel at EsD 2 band position with plastic strip. 

Cover anodic portion of gel 't-lith GLO I mixture (a). 

Cover remaining portion of gel to the origin with PGM agar 
overlay. Incubate at 37°C for 30-40 min. Remove GLO I 
overlay, blot gel, add mixture (b). Incubate at 37°C 
for. further 1/2 hour if necessary: 

For 20 x 20 ',M plate,. multiply the 3troDlIIlts in PGM reaction 
mixture by 1. 5. 
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SYSTEH: Group II 

'rANK BUFFER: 

pH 5.5 

GEL BUFFER: 

·pH 5.5 

. TYPE STRENGTH 
AND VOLUME OF· 
~: 

APPLICATION: 

CONTROLS: 

TEHPERATURE 
AAD CONDITIONS: 

VOLTAGE PLUS 
TIt-IE: -

FR-2700-101 

. , 

~~GY (Sheet 2A) 

ADA/EAP/AK 

. , 
41.2 g Na2UP04 anhy (0.29 M) 
19.21 g Citric acid anhy·(O.l M} 1 liter distilled H20 

0.405 g Na2HP04 (0.0057 M) 
0.24 g Citric acid (0.0025 M) 

.. .. ..:;". 

1 rom thin gel, 10% (W/V) Hydrolyzed Starch 

20 cm x 20 cm 50 m1 buffer 5 g starch 
20 cm x 15 cm 40 ml buffer 4 g starch 
20 cm x 10 cm 20 ml buffer 2 g starch 

Lysate, 

L. drops neat lysate 
I·drop mercaptoethanol diluted 1:250 with H20 
Allow to mix. One cotton thread insert, size 8 

Stain 

Soak with 1:500 dilution of mercaptoethanol for 10 minutes 

.Origin 

6 cm from cathode 

ADA 2-1 EAP BA & CB .AI( 2-1 

On cooling plate at 5°C with ~ank buffer at room 
temperature 

150 V (7.5'V/cm) overnight ~6 hours 
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REACTION. 
BUFFER: 

-" REACTION 
MIXTURES: 

(for 20xlS 
.-cJll plate) 

NOTES: 1. 

2. 
,3. 

·4. 

.. 5 • 

6. 

f 

, . --''METHODOLOGY (Sheet ZB) 

EAr 0.96 g Citric acid anhyd (0.05 M) 
',0.4 g NaOH (0.1 M) 

pH 5.0 

.AX I.Z0 g Trizma Base (0.1 'M) 
0.4 g MgClZ'6H20 (?02 M) 

·-·,'Adjust to pH 8.0 w~th 1:1 Hel 

pH 8.0 

'ADA 0.3S5 g Na2HP04 anhyd (0.025 M) 
,0.19 g NaH2P04 anhyd (0.016 M) 

lOO ml H
2

0 

EAP 4 mg MUP in 10 ml reaC,tion buffer' 
(MUP - 4 methylumbelliferyl phosphate) 
Soak on Whatman 3MM paper, 14 cm wide 

;ADA io g 2% agar at 5SoC 
10 mg Adenosine 
25 pI Xanthine oxidase (0.10 iu/plate) 
25 ~l Nucleoside phosphorylase (O.S iu/plate) 
2 mg PHS 
4 mg l>ttT 

,10 ml ADA reaction buffer 

, .AX 10 g 2% agar at 55°C 
.', 20 .mg Glucose 

5 mg Adenosine diphosphate 
3 mg NADP sodium salt 
2.5 mg PHS 
2.5 mg MTT 
10 pI G6PD (3.4 iu/plate) 
10 pI Hexokinase (2.8 iu/plate) 
10 m1 AK'reaction buffer 

.. 

Place Whatman paper betwee~ cathode and 13 em towards anode 

pH 7.0 

Cover remaining anodic portion of gel with ADA'reaction mi~ture 

Incubate at 37°C for 1/2 to 3/4 hour. Cover ADA reaction mixture 
with black paper. Re~d EAP' and photograph under UV light' 

// . 
Cover area 1 cm anodic of origin to cathode with AK reaction mixture 
Incubate at 37°C for 1/2 hour , 

For 20 x 20 cm plate, multiply the amounts in re~ctio~ mixtures by , 
1.5 
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:METHODOLOGY (Sheet 3A) --
SYSTEM: Group III Gc/Hp '1· , 

·pH 8.4 

GEL BUFFER: 

pH ~.4 

TYPE STRENGTH 
AND VOLUNE OF 
GEL: 

.APPLICATION: 

.~ .. 

CONTROLS: 

VOLTAGE 
.PLUS TINE 

FR-2700-l0l 

21. 8 g Glycine (0.29 M) 
4.5 g Trizma Base (0.037 M) 

1 liter distilled H20 

As for tank buffer: 

Hp 1 rom thin gel 6.S% Acrylamide 20 em x 10 cm 
1. 62 g Cyano~um 41 " :-"'~l";:'" 
2 mg Potassium ferricyanide' 
25 mg Ammonium pet'sulphate 
1.00' pI Dimethyl aminopropionitr~e .. , 
25 m1 Gel buffer 

Gc 1% Agarose Sigma Type I 
0.4 g Agarose 

. _~20 em x 10 cm 

40 m1 Gel buffer .. 

Serum 

Diluted 1:2 with H20. Add hemoglobin i£ necessary. Whatman 
1 paper insert. 

Stain 

Cloth approximately 3 x 3 rom + 30 ~l distilled water, 
,extract 1/2 hour. Add approximately 0.4 ml chloroform, 
,.vortex, and spin for 5 minutes at approximately 9000 .s.. 

Pipet into slot 0.5 x 0.15 cm 

Origin 

3 em from cathode 

On cooling p~ate at SoC with tank buffer at room 
temperature 

Hp 400 V, 15 V/cm, 4 hour:s Final lib position 6 cm 

Gc 300 V. 15 V/cm, 2 hours Final Hb pOsition 4 cm 
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···1mACTION 
MIXTURE: 

"NOTES: Hp 

Gc 

FR-2700-10l 

" 

l. 

2. 

1. 

2. 

·4. 

5., 

6. 

7. 

8. 

"-"METHODOLOGY (Sheet 3B) 

Hp 0.20 g O-tolidine 
4 m1 Ethanol 
6 ml Glacial acetic acid 

",10 ml 0.6% HZOZ 

"Gc 400 pI of diluted anti-Gc antiserum (diluted 1: 4 
.w/H20). Soaked on 9 x 4.5 em. CAM 

·0.1% Coomassie Blue R250 in methanol/acetic acid/ 
H20 (50/10/50) 

Stain Hp with reaction mixture from origin to Hb band 

Gc can be stained. on the acrylamide 

a. CAM soaked in 400 ~l diluted antiserum is overlaid 
from 1 cm ahead of Hb band and incubated overnight 
at room temperature in a moisture box 

b. The gel is washed for 5 minutes in distilled H20 , 
stained for 5 seconds in Coomassie Blue, and de
stained in m~thano1/acetic acid/H20 (50/75/875) 

Overlay agarose in an area from 1. 5 cm in front of lIb 
band anodicalloy with Gc antiserum on CAN. Incubate 
,in moisture cabinet at room temperature £01; 2 hours 

Press for 30 mini:ft.es 

. Wash plate overnight in I M saline solu~ion 

Rinse in distilled H20 for 5 minutes 

Press for 30 minutes 

pry at 65°C 

.Stain Gc in Coosmassie Blue R250 

Destain i!l methano1/a.cetic/HzO (50/10/50) 

• 
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METHODOLOGIES 

The following notes apply to all three groups: ': :. 

• Buffers. 'Al1 chemicals used in'buffer mating should be of 

very pure grade. The weights given in the methodology sheets 

'should always be checked against the Ittolarities which are 

,also given. The pH of any buffer should De caref~lly checked 

.. .before use. All buffers are best stored in. the refrigerator. 

·:.Approximately 800 ml o,f buffer are recluired to. fill a tank to 

·the upper line: The tank buHer should only be used for five 

-electrophoretic separat'ions in one weE~k and then discarded. 

:q.e reaction ~uffers are best made only in small quantities 

.and care should be taken to clean the ,:ontainers before re-use. . ' 
• Bridges. Sponge bridges are used a1th~ugh some manufacturers 

.do employ softener:> and fungic.ides which can cause problems 

: during e~~ctroPhoresis •. ,. Therefore all bridges 'should be 

carefully washed in distilled water before use. If, however, 

problems continue, then three or four thicknesses of Whatman 

·3}fl1 can be used. All bridges should be cut to the exact width 

of'the elect~ophoretic plate and held in contact with the gel 

by means of a second glass plate which is placed on top • 

• Reducing Agents. All reducing agents should be prepared fresh 

weekly and stored while not in use it:l a refrigerator. Hemo

lysates are prepared by washing whole red cells'three times 

with saline and lysed. They are best stored in the presence 
of reducing agents. 

" • Electrophoresis. The meters on some 

very accurate so the voltage between 

1\ 
Ii' 

I! power supplill~S are not 
, >,t 

the bridges are best 
checked by using a voltmeter. The times given fqF electro

phoresis s~ould. be ~tr~ctlqadhered to or else there will be 

.. ~ 
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Group I 

~verlap of one enzyme ~ith another or loss' of the enzyme into 
the anodic. tank. 

.... 
, .' 

Stainina· When using paper overlays, care should be taroen to 

avoid excess reaction mixture which will cause diffusion of ,) 
the enzyme bands. When using agar overlays, the 2%,a~ar is 

. first boiled and the constituents are mixed together with the 

reaction buffer. The agar is cooled in running water to 

approximately 55°C, mixed with the reaction mixture, and 

immediately poured over the surface of the gel. 
'. ,", 

• Sample Application. For hemolysates, a cotton thread is 

soa~ed in the lysate and carefully laid in the gel slot. If 

~he lysate has been over-diluted, then a second thread should 
,be applied on top of the first. 

, ,For bloodstains on solid surfaces, either swab "the area with 

a buffer-moistened cotton thread containing the appropriate 

Teducing agent, or if possible take a small flake and add the 

minimum amount of reducing agent and when dissolved, soak onto 

a cotton thread. For stains on cloth, either pull l-cm-long 

,threads or cut thin l-mm-wide slivers_no longer than I em. 
Always endeavor to keep the application line narrow, and do 

not allow the stain to protrude above the surface of the gel. 

Do not make the'applications smaller than I cm-~this will lead 

to diffuse bands instead of sharp ones. If the stains are 

~ess than l-cm long, build up the stain ,at the application 

point. Do not use excessive amounts of buffer for moistening 
the stain. 

The gel is prepared by weighitlg, the agarose and hydrolyzed starch a:nd 

boiling until all the agarose has dissolved. The gel is poured into 

FR-2700-10l C-9 
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.. 

'the gel-mold, which should be on a level surface, and immediately 

.' . 'leveled using the plastic' scraper so as to produce an, even l-lIUU-thick 
,,gel. 

, . 
'" 

One-mm-thick strips of stain, 1 cm long, are removed and soaked in a 

minimum of reducing agent for ten minutes. Slots' are cut in the gel 

,'using the metal ~lot makers. After electrophoresis, Esterase D is 

~eveloped first. Care should be taken not to use too much acetone to 

.. dissolve the methyl umbelliferyl acetate; this will produce a large 

amount of background fluorescence. After leaving the plate at room 

·temperature for five minutes, the Esterase D banding can be read under 

UV light. The position of the Esterase D 2 band should be marked as 

this will discern the dividing line between the GLO I and the PGM re-
'action mixtures. 

The iodine solution is prepared by dissolving the potassium iodide and 

. ··the iodine into 30 ml of warm distilled water (65°C). The solution is 

allowed to stir for 5 minutes and then filtered and stor,ed at 4°C in a 

.dark ambel.' stoppered bottle. To vis4alize the Glyoxalase I bands, the 

.iodine solution should be added to the agarose solution when it is hot 

;and immediately poured onto the surface of the gel. (The gel should be 

,placed on a level cooling pla~e to ensure fast gelling of the agarose.) 

" 

'Group II . , .... 

~hegel is prepared by adding hydrolized starch to the' g~l buffer, 

'brillging to. the boil by heating in a 250-ml Erlyruneyer flask. (Note: 

,the flask should be kept moving in the flame to avoid burning of the 

.gel.) ~fuen boiling, the gel is degassed using a vacuum pump drawing 

. approximately 15 psi pref?'sure and then poured into the gel mold. The 

. " 

starch solution is immediately leveled to a l-nrin gel by using the gel 

scraper G Care should be taken" to ensure that the mold is on a level 

surface before P?uring. 

" 
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Stains are prep~red by cutting I-rom-thick strips, 1 cm long from the 

'Dtain,and soaking with the minimum amount of reducing agent. Applica

tion slots are cut into the gel using the metal slot makers. The appli

,cation of stains or lysates to the gel should be kept a~ narrow as 

~ossible so as to produce sharp isozyme banding. 

" After electrophoresis it will be noted that the cathodi.c portion of the 

"gel is covered with condensation droplets. These should be removed by 
, ' 

blotting with Whatman 3MM paper. RAP is developed in an area from the 

cathodic bridge to 7-cm anodic of the origin. ADA is developed ~nodic 

to the EAP area. Care should be taken not to expos~ the ADA reaction 

·;mixture to strong visable or UV light. After the ~,P results have been 

recorded, the' cathodic half of the gel should again be blotted before 

~overing the area with AK reaction mixture. 

Group III - ; 

,The important point to note here is that 'the acrylamide and agarose gels 

can be run in the same tank at the same time. For scree~ing of serum, 

both proteins can be phenotyped using the acrylamide gel. Howe'ff=r, the 

·'degradation product that is found in varying amounts in stains unfor

"tunatelY'migrates amongst the Gc bands and can lead to misi~terpretation. 
, , 

'Therefore, all stains must be phenotyped for Gc using the agarose gel. 

• ~lamide. The acrylamide gel is prepared by dissolving all 

the constituents in the buffer, degassing and pouring into the 

gel mold. A,clean glass plate is carefully overlaid, excluding .. 
all the air and the gel allowed to polymerize for 30 to 45 

,minutes. Several gels may be made at the same time and then 

stored in the ~efrigerator'. (This will faci.l.i.tate top plate 

removal.) When the gel is ready for use, the top plate is 

removed by carefully inserting a razor blade bet,V'een the two 

plates and gently levering the upper plate from the gel. 

Occasionally the gel wi~l stick to the top pl.ate; this is 

still usable as long as the gel is in one piece. 

• 
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• Agarose. This is prepared by dissolving the' aga~ose in gel 

• ;'" buffer by boiling and pour~ng the hot solution onto a plain 

".81a~s plate on B, level surface and allowing to solidify. 

J.' Extraction. The amount of stain required to obtain res~lts 

:will be 'decided by experience, 'but the size given (i.e., 3 x 

3~) is recommended when using cotton cloth as the substrate. .. 
The amount of buffer required again will be decided by exper

ience, but each gel uses approximately 10 p~ of extract for 

each application. It is important, however, to obtain very 

-clear extracts or background smearing on the gels will re-

··sult. Longer centrifugation can be used if necessary. 

-

'. Application. The two-sided metal slot makers are used for 

·making the application slots. For serum samples the anodic 

\\·slit only is used. For stains, a l.5-l1lIIHo,ide plug of gel'is 

'-removed and t,he stain extract carefully pipetted into the well. 

~t is preferable to start both gels. at the same tim~,' removing 

, . the agarose after the hemoglobin has migrated 4 cm (~2 hours), 

.. -and allowing the acrylamide to continue for a further two 

hours (Bb 6 em). 

• I ~ .• .-.. ' .. : ,\'" :. .... , -( , 

Immunofixation-Agarose. The cellulose acetate membrane over~ 

lay containing the diluted antiserum should not be too dry and 

~s placed on the gel approximately 5.5 em from the origin and' 

covering the l.;rhole width of the aga~ose. It: is allowed to 

'. 

. , 

• 

~""·incubate for' two hours at room tempernture i.n a moist 

atmosphere. 

" 

• Immunofbcation-Acrylamide.. After electrophoresis, the gel is 

·divid~d just anead of the hemoglobin band (t.vhich has moved 

-approximately 6 cm) and the cathodic portion of the gel re

moved'into a staining dish. If required. a cellulose 

acetate me~brane soake~ in diluted antiserum is overlaid on 
\1 • 

the remainit'lg portion of the gel at the dividing line. This 
• ',I 
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.~s allowed to incubate at room temperature for two hours (or 

>overnight if this is more convenient). 

. " .• ,Staining. The haptoglobin is stained immediately after electro

,~horesis using the orthotolidine mixture. If the results are 

too weak, the perc~ntage of peroxide should be increased. If, 

•. -however, there is bubbling wi thin the gel, the peroxide content 

,should be reduced. 

, :The agarose is reduced to a very thin fUm ,by overlaying the 

'gel l.;rith wet 'Whatman 1 paper and seve~'a:l thicknesses of 
" , 

blotting paper and applying approximately 5 kilograms weight 

for 30 minutes. The gel is then washed overnight in a I-molar 

saline solution, rinsed in distilled H20, repressed for 30 

·,m!nutes, and dried in an oven at approximately 65°C for 15 

'1n1nutes. The Gc bands can then be visualized by staining 

'~n Coomassie Blue for five to ten minutes and destained in 

··the higher methanol destain solution. 

If immunofixation has been carried out on the acrylamide, no pressing 

,and very little washing is required. The bands are visualized by 

~~mmersing in Coomassie Blue stain for 5 seconds. (Any longer and the 

'acrylamide gel will take up the: stain' \l7hich is 'very difficult to remove.) 

.Destaining is carried out using the lower methanol destain solution. 

" 
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" '~QUIPMENT 

~QU!PMENT, SUPPLIES, AND CHEMICALS 

,RECOMMENDED FOR MULTISYSTEM ANALYSIS 

" , ..... -. 

Ii 
Item Description Model Type Manufacturer 

Cooling Bath and Circulato~ with Heater 

Fridgmbc 
Thermomix 
Neslab 

Pow'er Supply, 6C, 0-500 V Variable:) . 
'0-100 rnA 

Cooling Plates, aluminum, 20 x 25 cm 

Multizone Electrophoresis Cells 

Volt/Ohm Meter (0-500 volts) 

Centrifuge (capable of 9000 A) 

Variable Pipetter (disposable tips) 

Pipetter 
.. t· .; ~{ . " . 

" 

" . 
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1495 
1441 
RTE 4 

R120 

, 22-201 

Microfuge-B 

10 lJl 
20 lJl 
25 lJl 

5 lJl 

,BI 

N 

B 

SH 

SH/B 

RS' 

B 

E 

E 

f 
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MATERIALS 
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Sponge Bridges 

-Model Type S~pplier Item Description 
L-----------~------~-----r-~!-.----~~~M---t 

I 
< ' , 
~ 

.. 

Glass Plates; 20 x 20 cm with 1 mm 
x 5 mm glass or plastic strips 

Glass Plates, 20 x 15 cm with above 

Glass Plates, 20 x 10 cm with above 

Glass Plates withqut strips 

20 x 20 cm 
20 x 15 cm 
20 x 10 em 

Slot Makers 

Development Strips, 19 x 0. .. 5 x 0.3 cm 

Development Strips, 14 x 0.5 x O;S'-cm 

Development Strips~ 9x 0.5 x 0.3 cm 

Tygon Tubing, 3/8 ID x 1/8 lvall 

Mylar Plastic Sheets, 25'x 60 x ~.l cm 

Cellulose Acetate Strips, SH 
. 40 x 360 mm 

Centrifug~ Tube, 400 pI 

'. 
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n/SH 

l.S 

R3603 N 

• C . 
Sartorius 

I 19926 BA 
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.. CHEMICALS 

Item Description 

-Magnesium Chloride, 6 H
2
0 

Maleic Acid 

Trizma Base 

Glycine, Ammonia Free 

Citric Acid, Anhydrous 

.. .. 

Sodium Phosphate, Monobasic, Anhydrous 

Sodium Phosphate, Dibasie, Anhydrous 

Starch, Hydrolyzed, Powder (Connaught) 

Agarose, Type 1 . 

. Azar, Special, Noble 

o-Tp1idine, practical grade 

Cyanogum 41, Gelling Agent 

Dextrose (a-D(+) Glucose) Grade III. 

Potassium Ferricyanide, Grade I 

Ammonium Persulfate (ACSStandard) 

Brilliant Blue R (Coomassie Blue R250) 

2-Mercaptoethanol, Type I 

3-Dimethylaminopropionitri1e 

DL - Dithiothreitol (Cleland's Rg,tJ 

4·- Methylum~el~iferYI Acetate 

Glucose-l~phosphate (with 1% GI, 6P
2

) 

HTT Tetrazolium 

Phenazine Methosulfate 

FR-2700-101 
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Order Code 

M0250 

M0375 

'T1503 

G7l26 . 

. CO 7-59 

S0751 

S0876 

·5676 

A60l3 

0142-01 

T3501 

C588 

G5000 

.P813l 

B0630 

M6250 

. Dl008 

';-D0632 

M2881 

G1259 

M2128 

P9625 

. Supplier 
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.S 
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·-CHEMICALS (Cont'd) 

. ' . . .' . ~ .~". ""~~~'~I'". 'It'-....... 

: .. ,·.:.tt::e~ 'Descriptibn 

-NADP, Sodium Sal"t 

Glutathione, Reduced 

Methyl Glyoxal~ 40% 

4-Methylumbelliferyl Phosphate 

Adenosine-5-diphosphate, Grade I . 

Adenosine 

Nucleoside Phosphorylase . 

xanthine Oxidase 

Glucose-6-Phosphate Dehydrogenas, 
Grade I . 

Hexokinase 

Anti~Human Gc Globulin 

.. 
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: ·Order Code 

-NOSO'S 

G4251 

M0252 

M88S3 

A0127 

102-075 
A9251 

107-956 

110-434 

127-035 

127-175 

, Gc-P003-S 

' ... " * ..... 
Supplier 

iJ 

s 

s 

S 

S 

S 

B-M 
S 

B-M 

B-M 

B-M 

AA 

/1· 
, ! 

;, 

I I' ) 
. . 

t 

1 

.:SUPPLIER CODES 

AA At1ant~c Antibodies 
52 Anderson Road 

·Westbrook, Maine 04092 

~ American Sponge & Chamois Company 
Los Angeles, California 

B' 

( 

Beckman Instruments. Inc. 
-Advanced Technology Operations 
1630 S. State College Boulevard 
Anaheim, California 92806 

Bel Art Products 
\ 

Pequannock, New Jersey 07440 

BI B. Braun Instruments 
805 Grandview Drive 

• .south San Francisco, California 94086 

BM Boehringer-Hannheim Bi.ochemicals 
7724 East 89th Street 

E 

F 

:P.O. Box 50816 

Indianapolis, Indiana 46250 

., Eppendorf 
- Dist by Brinkmann Instruments, Inc. 

Westbury, 'New York 11590 

Fisher Scientific 
2761 Walnut Avenue 
Tustin, California 92680 

LS Local Supplier 

N Neslab Instruments, Inc. 
871 Islington Street 

·,.Portsmouth, New Hampshire 03801 

RS Radio Shack 
Nationwide Catalogs 

S Sigma Chemical Company 
P.O. Box 14508 

SH 

v 

FR-2700-l01 

,St. Louis, Missouri 63178 

Shandon Southern Instruments, Inc. 
Sewickley, Pennsylvania 15143 

Van Waters Rodgers Scientific 
P.O. Box 3551, Rincon Annex 
San Francisco, Cal~fornia 94119 

C-18 
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<'l . 

~~'(207) 856-6392 . 

. "(213) 639-9900 

, ·· .. ·014) 634-4343 
' ..... 

. ~'(415) 589-9217 

" (800) 428-5433 

'~":"C(516) 334-7500 

.. 

·.(714) 832-9800 

. . . :~ . 

. ;'(603) 436-9444 

·~(800) 325-3010 

. (412) 74l-S400 

(800) 7?2-S030 
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