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ABSRACT -

“The Bloodstain Analysis System project was initiated to

‘ determine whether existing principles of electrophoretic

. :separation of blood genetic markers could be extended to
provide 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-’
termined that eight constituents would be needed to pro-
‘wide the required 1-in-200 discrimination capability. The
selected constituents were separated on various substrates
to establish individual optimum methodologies.

.After these optimum constituent/substrate combinations were
- «determined, the potential for simultaneous analysis was ex-
Pplored. The eight constituents were grouped accerding to
- the pH at which they were normally subjected to electro—
.. -phoresis. The three groups are (¥) GLO I, PGM, EsD; (II)

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

»*Many iterations using differing analytical conditions were
-~7xequired to develop the procedures that yielded the quality
0of results necessary for forensic laboratory use. That
.xdevelopment objectives had been met was shown in a Feasi~-
“bility Demonstration Test, using unknown samples of dried
_ ~bloodstains. A training session was then held with crim-
- dnalists to demonstrate the capability to transfer the
‘technology to others. Field testing at four participating
--erime laboratories demonstrated the utility of the Blood-

-'stain Analysis System in the working crime laboratory. Thus,

.rall contract requirements have been satisfied.

.
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. v : . ;«_I . s . “T
This work was performed under subcontract W-67854 "issued by The Aero-
~gpace Corporation, under prime contract J-LEAA-025~73. . The project was

4nitiated in December, 1976, and completed in June, 1978. This project

‘was part of a program of the National Institute of law Enforcement and
‘Criminal Justice, Law Enforcement Assistance Administration, U.S. De-

partment of Justice, ", ..to encourage research and development "to im-
ptove and strengthen law enforcement."” To support this objective, an
Equipment System Improvement Program was established within the Insti-

.tute to promote the development and testlng of new or improved equipment

and procedures. i

The specific goal of this project was the development aof improved

methods for the electrophoretic identification of bleod genetic markers—-
£he bloodstain analysis system. To provide strong techmical support for
the project, Beckman Instruments, Inc., subcontracted to the University

.. of California at Berkeley to utilize the White Mountain Research Labora-

fory facilities under the direction of Dr. Benjamln ¥. Grunbaum. Two
-gtaff Research Associates supported Dr. Grunbaum at the laboratory:
Gary C. Harmor, and Benny Del Re. This work was done under subcontract

-~fitimber 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: Briam G. D. Wraxall of
.thé Metropolitan Police Laboratory, London, England; and Mark D. Stolorow
-6f the Michigan State Police Laboratory.

. After approximately nine months of work, Dr.‘Grunbaum's support was no
longer required, and the University of California subcontract was term-
inated .at his request. A report was submitted by Dr. Grunbaum for this

_pefiod of performance. A copy of this report has been forwarded to The

Aerospace Corporation. .

The subsequent work, including final development and feasibility testing
of the Bloodstain Analysis System, and training of eriminalists in the
use of the system, was performed by Wraxall and Harmor using Beckman
laboratory facilities in Anaheim, California.

Personnel from several crime laboratories participated in demonstration.
tests to show that the system, as developed, could be transferred from
‘the development laboratory to the worklng environment of the crime

"laboratory. .

Their experience with the system in their own laboratories generated
suggestions for further methodologic improvements and simplificztions
which have been incorporated. The individuals and their affiliations

axes
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‘Ms. Frances Gdowski, New Jersey State Police Laboratory
Mr., Terry Laber, Minnesota Crime Laboratory
" Mr, Stephan Schliebe, Los Angelas County Sheriff's Office
Mr..John Wegel, Georgia Bureau of Investigation
*"Mr. James Kearney, Federal Bureau of Investlgatlon

~;Robert Shaler, Ph.D, of The Aerospace Corporation offered valuable

suggestions throughout the development phase of the project.

“We wish to acknowledge the rontrlbutlons and ‘support of these indi—
*viduals and their organizations. .
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‘The purpose of this work was 1o develop ﬁéﬁ‘an& improved procedures for

.”tapid, low-cost électropho:etic identification of blood genetic markers.
~The advanced methodologies and equipment were to be demonstrated,

This was to be

_ tested, and delivered as a Bloodstalfn Analysis System.

-achieved through the use of éxisting equipment or modifications thereof.

Program goals were:

® Reduce analyst skill requirements .
... Redice analysis time S e
o Reduce complexity of interpreting results '
® Provide for analysis of old stains (four weeks)
* - .e Achieve a discrimination probability of one persom out of two
- ~hundred

- “The plan for achieving the program goals was based on improving existing

téchnology for eleétrophoretic separation of blood constituents. Candi-
;date constituents were reviewed for inclusion in the syétem using” the
~diserimination 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 comstituent not on
the list of constituents in the statement of work--Glyoxalase I~--was
suitable for use. Our review of the blood constituents showed it would
be necessary to use eight to obtain the discrimination capability of 1
in 200.

-;.mare than three setups were to be used.

Simultaneous electrophoretic separation would be required as no

- It was not a goal of the program to develop new equipment; it was ex-
pected initially that some variation of the Beckman Microzonéj cell
would be utilized. The majpr»fhrust of the program was satisfying

-~method/procedure development. The program requiréments depended to a

' great extent on the substrate used during the electrophoretic separation.

™
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Varlous substrate materials were invesgigated. The system required a -
- minimum of eight constituents-to provide the 1-in~200 discrimination
':capability; it was found that ﬁo one substrate material was satisfactory
~-for all of them. ' '

- P
~

Tﬁg candidate substrates were evaluated using "blind trial” tests. As
a2 result of these tests, and the subsequent development of simultaneous
-analyses, it was found that cellulose acetate membranes (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 component at a time. Therefore, ‘
substrates offering greater potential for simultaneous analyses were

‘chosen for further development. The materials selected are: ‘stafch,

-

acrylamide, and agarose.

' - Having decided on the specific constituents énd substrates, development

»of methoddlogies for the simultaneous separation necessary to provide
-an integrated system was initiated. The methodologies were optimiéed
. through repetitive tests with judicious changes in the controllable

. parameters such as pH, buffer ionic strength and,compositiou, voltage

.

gradient, and time. - o

‘Accuracy of the Bloodstain Analysis System was demonstrated with unknown
-aged stain;. Stains from two to four weeks 0ld were presented for ident:i-
fication by The Aerospace Corporation. The aqcufacy requirements of the
‘contract were satisfied. The results of these tests are presented in
fthe Feasibility Test Report, Appendix A. -.
;fbllowing the Feasibility Tests, a two—-week training program was con-
* ducted with foreunsic scientists. During this time, the new analytical
*procédures were demonstrated and the scientists obtained “hands-on" ex-
- perience in the use of the system.{>$ubsequeqtly, the system hardware
* was shipped to four participating'éfime laboratories. Under actual

field conditions, it has been proved that the system could be used

FR-2700-101 ’
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-guccessfully with case material. It was demonstrated that greater dis—
crimination could be obtained with fewer manhours of effort than was
‘ _previously possible. This work is reported in the crime Laboratory

Pemonstration Test Report, Appendix B.

“Simultanecus analysis of multiple constiéuents suggeste that somewhat ‘
-less than optimal analytical conditionms for any single constituent might
have to be employed. Thus there hes some concern that the conditions
mneceéssary for simultaneous separatioﬁs would result in inferior results.
_ This has not been the case; in fact, some separations are improved over
N those previously EQnsidered'optimum.

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

Some problems were observed in the

the analytical system.

~Operator skill is required. It is necessary to follow the proceégxes
Tigorously to obtain satisfactory separations. There are some minimum
requirements for a technician if he is to absorb the procedural details
in 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 wman-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 oneiperson out of 200 was

achieved.

.

o .

Four-week-o0ld stains can be identified, but this, of course, can vary

.depending on the storage conditions of a particular stain.

FR-2700-101 ) ix S .
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1.0 INTRODUCTION

¢

The overall objective of thlS 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 the contract Statement of Work. For refer=-

e . ence, these requlrements are repeated in the following paragraphs.

)

1.1 Speed of Analysis

“The manpower needs for the procedure from receipt of the stain at the

' laboratory to the reading of the analysis results shall not exceed five

(5) manhours. Periods of time during 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 belng learned in two
weeks and reliably used by typical erime laboratory technicians w1th
A'appreximately two years of college-level chemistry, including organic or .

. blochemistry, plus one year of applicable serological experience.

1.3 Hazards
-Reagents used by the method to be developed shall be montoxic on skin

~eontact or on vapor inhalation. They shall not introduce radiological

‘hazards under prescribed procedures and currently practiced applicable
-safety provisions. Any deviations from the requirements established by
the Health and Safety Act of 1975 shall be justified and brought to the

attentlon of The Aerospace Corporation for approval.

FR-2700-101 1-1
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G_'j~such standards shall be provided. AR red e cesie ;;,“,;

: The method to be develobed shall be capable of analyzing bloodstains

--glass, plastics, cement, paint, etc. T e

- more than half of the sample.

~in & dry stain .can also be found in a sample of the same whole b}ood.

15

" “:Reagents required by the method to be developed shall be storable at

1t reqﬁired, standards -and methods of calibrating these feagents against

~The contractor shall reduce the ambiguity resulting from interpreting

J.4 | . Bloodstains

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

The method used shall be capable of performing ;he complete analysis on
#tain sizes equivalent to 50 microliters of fresh bleod without consuming

i

The method used shall be able to verify that genetic markers identified

_ Reagent Characteristics

They

As a goal, these reagents

laboratory freezer temperatures for periods up to six (6) months.
.8hall be nonhazardous as described above.

"8hall be available from more than one source in the United States,

1.6 Dlscrlmlnatlon Probabxllty

The electrophoretic analysis system developed shall be capable of
achieving a degree of discrimimation probability of one out of 200
Yandomly selected individuals, using as a sample a bloodstain aged for
four (4) weeks, _ ] -

1.7 Analysis Ambiguity

analysis results so that a serologist trained intensively in this pro-

° ¢&edure for no more than two (2) weeks can clearly 1nterpret those

- Yesulcs,

e
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. 'No more than three (3) electrophoreﬁic setups shall be needed in order

1.9

“The requirement for accuracy or reliability of detection of the blood ‘ T
at the 90-percent confidence level.

-aonly to uncontaminated stains.

' 1.10

: tence,

. After a

1.8

Simultanecus Analysis

to Tun all of the chosen genetic markers simultaneously.

-

Accuracy of Analysis

constituents selected by the contractor shall be no less- than 99 percent
" This requirement shall be demon-~
strated during the Crime Laboratory Demonstration Tests and shall apply
The actual reliability of analysis of
.contaminated.stains will be determined during future testing.

Cost . - . ';:_Z__
The cost of anaiysis of a single stain using the method to be developed
- shall be no more than $25.00, including the cost of reagents, equlpment

amortlzation, and maintenance requlrements. Any equlpment or instrumen—

. -tation used or modified under this contract must, when produced for

crime laboratory use, cost no more than $6,000,

n Scope of Effort SRR

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

The 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-
. fif

Eight constituents were selected for Ffurther work. Next, the

+selected constituents were separated on varioﬁs-subétrates to determine
“which combinations provided the highest quality separations. The level

: of performancé§3f these individual separations was evaluated by using a

series of blind trials., : . ‘

constituent/substrate combination had been established, system

development was initiated. Here, several alternatxve approaches were

available. Huwever, schedule and funding constraints would permit

FR-2700~101 1-3




- The three-setup limitation requires simultaneous separation.. Thls can

Y

It was necessary, then,. to decide on
-which approach we should concentrate our effort.

developing only one "system."

time and repeat until all eight constituents had been identified. Such

-8 -system would require short electrophoresis times such as provided by

~celloulose acetate membranes in a Beckman Microzone-type cell. While six

+0f the elght candidate constituents can be separated on CAM, our de-

One approach, strongly
'supported by one investigator, was to separate only one counstituent at a

velopmenL work showed only Ge to be satisfactory on CAM, while GLO-TI, EAP,

noand ADA either yield better results or must be separated on starch gel.

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

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

T be done with either a parallel strip or zone-type separation (descrlbed'

and illustrated in Sectiom 4.5). The zone separation permlts a much

larger number of samples to be processed in each cell than does the

-parallel separatlon. Also with parallel separation, the band patterns

.-at the edges of the strlps are apt to be dlstorted

" Based cn both test results and pProgram 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 ceritical 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.

1Hith at least 15 controllable variables being involved

» it is apparent
that’ iterations. could continue 1ndef1n1tely.

A practical limit was
impoused by schedule and funding constraints, but the accuracy of the

system was proven through anaiysis of "unknown" bloodstains., Following
guccessful completion of feasibility demonstratlon tests, several for-

ensic scientists were trained in the use of the system.

FR-2700-101 : : 1-4
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This involved approximately 600 trlal separations.

--Based on these results, it was decided not to continue working with CNM.._
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“The system hard
--ticipating forensi

. adjustments were made in the pro
the results of the Feasibility Test

- tion Tests.

e then delivered to par—

rocedures wer .
ware and written P Through the cooper—

¢ laboratories for field testing.
the usefulness of the syste

Based on this evaluation, final
present

m was evaluated
ation of these laboratories,

‘under actual casework conditions.

cedures. Reports were written to

s and the Crime Laboratory Demonstra—

.

-

.and B, respectively.
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2. 0 © SYSTEM OPTIMIZATION

proteins to determine which markers,
" of low discriminating probability or unreliable persist

. .stains.

.be considered for use.

yery low discriminating probability.

--morphic enzymes merited serious consideration

.

“The first step was to consider all the known polymorphlc enzymes and

if any, could be eliminated because

ence in blood-

As shown in Table I, at least fourteen genetic markers were to

Many more protelns and enzymes shOW1ng polymor—
most of which were ellmlnated because of .

-phism were also considered,
three additional poly-

However,
and were therefore

.4ncluded in the pool. These were GClutathione reductase (GR), Uridine

-monophosphate kinase (MPK), and Glyoxalase I (GLO I).

.4PABLE I+ LIST OF BLOOD CONSTITUENTS (GEHETIC MARKERS)
THAT SHALL BE CONSIDERED (From‘Statement of

- Work)

Hemoglobin, Hb
Haptoglobin, Hp
Group specific component, Ge L
Glutamate-pyruvate transaminase, GPT , i
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 -'

RO L

- bloodstains.
order im which they would be added to the first group as necessary.

© FR-2700-101 . R 2-1

Carbonic anhydrase, CAII

The sev
(Table II).

enteen markers were divided into three priority grouping systems

The first group consisted of six enzymes and proteins with

good discriminating probabilities and'known to be reasonably stable in

The second group. consisted of four enzymes arranged in the

The

{7

IS

third group | ' s | -
group consisted of seven enzymes and proteins which were considered

o be ¢ i
ompletely unreliable or had very low discrimination probabilities

in a combined population.

~TABLE IT. SELECTION OF GENETIC MARKERS o e T

These seven markers w
ere therefore reje
from inclusion in the final system. : Cted

*

lst Priority Grouping Systems -

. Discriminating
. System Probabilities
" EAP 0.35
gng ‘ 0.39 :
. 0.25 (0,4
GLO I . 0.38 ©-473
- Ge 0.45
EsD . 0.69
Total 10.0040 (O 0075)

2nd Priority Grouping Systems

AK - 0.82
ADA 0.82
6 PGD 0.91
GPT 0.38

Systems To Be Rejected

PCE (E1&2) 0.82

Could be campleted on cne -';
..substrate at. same time .

'»unnreliable.

UMPK 0.82 :

gb 0.82 (Blacks)

cﬁf 0.59 (Blacks)
D 0.41 (Blacks)

Pep A 0.75 (Blacks)

CATI 0.75 (Blacks)

" -Comments
IEF should be used

= 1 in 250 (1 in 133)

. o
'-..'.. ‘e _.' . u..: R

Stains are unstable

%

Completely unreliable

Completely unreliable

DP very low in combined population#*
DP very low in combined population
DP very low in combined population
DP very low in combined population
pP very low in combined population

+

' fDiscrimination Probability

on whlte Anm
ericans, the only signlflcant data available at that time '

However
» all the values are very 51m11ar to values achieved by usin
g

‘.cently u a
51ng the data from cauca51ans in Callfornla (Grunbaum et al.
3

ref 9). These data are shown in Table IIT.

>
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TABLE III. DISCRIMINATING PROBABILITIES FROM THREE SOURCES : ' R A

PR
B -

B PRI

B s L S TrI,

“Genetic Marker Sow British California
G100 I 0.38% 0.38 © D.38%
-EgD- 0.69 0.69 “. 0.67 |
PGM 0.47 0.47 0.47

. ADA -0.82 0.83 - 0.82 -
EAP 0.35 . 0.33 0.34
AK 0.82 0.84 0.86
Ge 0.45 0.44 0.43
Hp 0.39 0.38 0.39

Cumulative

Discrimination Lo e e

Probability 1 in 196 1 in 210 1 in 20§

- #No figures available; British figures are used.

' The second step was to'o.ptimize eacﬁv’individual enzyme and protein in
~-the first priority group (Table IT) using already accepted metho»dologies.
“On starch gel, PGM was sepafated by the method of Calliford (1567), EAP

~--by the method Wraxall and Emes (1976), EsD by the method of Park:m and

‘Adams (1975), and GLO I by the method of Parr et al. (1e77).

- separated on agarose (Wraxall 1Y75) and Hp 'on continuous gradient acryl—

-amide gel (Culllford 1971).

On cellulose acetate membrane (CAM) the follow1ng methodologies were
used' PGM, Grumbaum (1974); EAP, Grunbaum and Zajac (personal communi-
wcation, published 1978); EsD, Grumbaum, et al. (personal communication,

-published 1978); and Gc, Grunbaum and Zajac (1977).

x could be separated using a step grad:x.ent acrylamlde gel by the method of
< Grunbaum (1975).

_After 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 unnecessary work, and assure a

" smooth tramsition into system development (Figure 1).

FR-2700-101
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GLO I would be
: examined by the method of XKahn and Doppert (1976) using cellogel Hp
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' As required by the Statement of Work, the folioﬁing six substrates were

‘to be examined and tested: .

" Cellulose Acetate'

Acrylamide
Agar - ' Cellogel ey e e
- Agarose . ) :Starch o :
2.1 Acrylamide - Sl

“Following the plan (Figure 1), acrylamide was polymerized by various

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

~for polymérizing the gel, inhibition of most of the enzymes occurred.

ﬁﬁowaver, when DMAPN was used, inhibition did not occur, but the sepa-

ration in most cases was not as good as when using a non-molecular
-sieving media.  The only case where molecular sieving was an advantage
and even a requirement was when phenotyping Hp. Gc was not tested on

-acrylamide 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.

c 2.2 Agar/Agarose

Several different types and supplies of.agér and agarose were examined.

- The problem with agar, and to some extent agarose, is that it exhibits a

property called endosmosis. This gel, being of biological origin,
possesses a charge whiéh causes ‘a flow of buffer from the anode to the
cathode, thereby retarding electrophoretic migratiom. It was therefore
decided to concentrate on agaroses with low endosmosis values (Mr-)
‘(Wieme, 1965, and Wraxall, 1975). The final selection was the agarose

-Type I from Sigma having an M - value of 0. 10. This agarose gave ex-

- gellent results with PGM, EsD GLO I, and Gec, but showed - 1nadequate

- separation with EAP. The agarose provides excellent repeatablllty even

from batch to batch.

2.3 Cellulose Acetate/Cellogel

Several types of cellulose acetate membranes (CAM) had been examined at

.the U.C. Berkeley laboratory, with the conclusion that ‘the membrane

A3
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a giving‘the §est results is manufactured by‘Saftorius, Thls was also

# " econfirmed py the experience of the consultént criminalists. Several

- different types of acetate membranes were also tested but showed no
~dmprovement over the membrane in routine use. As a requirement of the

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

K - R

-provement over Sartorius. The serum protein, Gc, can be separated on

S

" acetate but Hp, which separates by molecular size and not by charge,
~does not separate on acetate., Three of the four enzymes in the. first
. group separate on CAM, but we weré unable to achieve a satisfactory
- separation of GLO I, despite making more than 150 determlnatlons cov-

-ering many varlables of buffer, voltage, and time.

| 2.4 Starch

‘Starch from two different suppliers was examined., All the enzymes plus
Hp showed excellent separation when using well-published methods. Gc

was not examined on starch gel dué to problems with staining the protein.
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3.0 BLIND TRTALS

'!Bécause 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 théSe'parameters, and

with this in mind a series of diluﬁions of different whole bloods was

..made. Dilutions commenced at 1 in 10 énd a total volume of 5 ul was

~

allocated for each substrate. At least 7 samples were subjected to 3
-dilutions and ‘the results were read by 4 different readers. The stains
..consisted of 1, 2, 3, or 4 pieces of 0.5—cmrlong bloodstained threads.
The same 4 readers were used. The results were tabulated into 4 cate-
gories: 1) Correct, where the result agrees with the original phenotype;
"2) Incorrect, where a definite reading was given but did not agree with
the original phenotype; 3) Questioned, where the sample shéwed activity.

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

Although the Statement of Work specified that as much as 25 ul of whole
blood could be used in making the stains, any misinterpretation of
‘phenotype would most likely occur when using diiute or weak samples.

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

The first marker to be considered was EAP, and the.results on lysates -
are shown in Table IV. The total number of inconclusives ig approximately
‘the same, but although there are more incorrect results on acetate than
on starch gel, the results are not significantly different. However,

when smaller amounts of bloodstains are used, differences in the results
«can be seen~easily. Table“V shows that there are 7 incorrect results .
‘given on acetate compared with 0 on starch, and a total 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 =~ DETECTABILITY OF' LYSATES
Dilution No. of | No. of Total. - In- Ques~ | No No, of
(VWB) * Substrate | Samples | Readers Readings | Correct | correct tioned | Activity | Variants
1 in 10 CAM 7 28 26 - - 3
(0.5 pl) Starch 28 24 . - 1 3
1 in 20 - CAM, 14 56W 42 . 12 -
(0.25 pl) Starch 14 4 49%% 32 12 3
1 1in 40 CAM 28 13 3 4 2
(0.125 ul)| Starch 21%% .12 - 3 2
* Volume of whole blood lysate per 5 ul diluted lysate
*% Less 1 reader for 7 stains .
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; .
oy TABLE V, BLIND TRIAL ~ EAP — DETECTABILITY OF DRIED STAINS
& ‘ . '
Y ,
9 Size of ' . . _ iy
s, 8 Stained Stain Age No. of | No. of Potal . - In- Ques- No No. of:
s Thread (cm) (Days) Substrate | Stains | Readers | Readings | Correct | correct | tioned | Activity | Variants
< . _ d
ey
18 . CAM 2 4 8 5 1 2 - 2
‘ Starch 2 3 5 5 - - - 2
l. 4 x 0.5 25 CAM 2 -4 8 5 1 2 - 2 4
: 0.7 ul WB ' Starch 2 3 6 6 - - - 2
36 CAM 3 4 12 1 "3 8 - 2
Starch 3 3¢ 9 9 - - - 2
18 cAM 2 4 8 4 - 4 - 2
Starch 2 4 8 . 8 - - - 2
3% 0.5 25 CAM 2 4 8 ~4 - - 4 2,
o 3 0.5 w1 W8 | - Starch 3 4 12 12 - - - 2 -
36 CAM 3 4 12 2 1. 9 - 2
1 | Starch 3 4 12 12 - - - 2
'i , 18 CAM 2 4 8 6 - 2 - 2
: Starch 2 4 8 8 - - - 2
2x058 | 25 "CAM | 2 4 8 4 1 3 - 2
1 0.35 ul WB| - Starch 2 4 8 8 - C - - .2
. 36 CAM . 3 4 12 4 - "8 - T2
i ' Starch 3 4 12 12 - - - 2
Starch 2 4 8 5 - 3 7 - 2
e 1x 0.5 = 25 CAM 2 4 8 . 2 - 2 4 2 4
L 0.18 ul WB ‘ Starch 2 4 8 8 - - - .2
i 36 CAM 3 4 | 12 - - % 8 "2 ;
| ~ Starch 3 4 12 11 - 1 - 2
a {
.
g ” i
* . oy v - ,v—‘—m———-—-ll -
L
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-.called type B. TFurther experimentation was cqnducted 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
“,se-l-

P L e 2

‘@

It can be seen from Table V that as the stain becomes older and/or‘
smaller, the number of questioned and/or no activity results :Lucreases.

This may be explamed by the fact that when applymg bloodstalns to

_cellulose acetate, prlor extractmon is requ:u:ed. It is- very dlfflcult

to extract all the enzyme or protein from a. bloodsta:m and also to. use a

~yvolume of extraction 11qu1d small enough so that all can be applled to

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

can be inserted into the substrate. The results-obtained indicate that

phenotyping EAP on starch gel is more accurate and mere sensitive than

on cellulose acetate.

- The next marker to be examined was EsD. The experimental details are

~.similar to those on EAP except that the lysates are more .dilute and only

the 1 and 2 bloodstained threads were examined. Also, there are only 3

dnstead of 4 readers. This is because one reader hed great difficulty

.in interpreting EsD phenotypes on both starch and cellulose 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.

‘l‘he large number of questioned results (11) on CAM with the higher con-
centration samples shows one of the problems in that too much applied
sample causes distortion of the pattern. The results obtained from

W

bloodstains,' Table VII, shows little difference between the substrates;

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

-
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4 ‘ o TABLE VI. BLIND TRIAL — Egp — DETECTABILITY OF LYSATES ‘ '
- ! - : - , *
“ g Dilution No. of | No, of Total In~ No No. of
. @ (VwB) * Substrate Samples | Readers Readings | Correct correct | Questioned Activity | Variants
E o : - , «
.. - . ) N
1 in 20 CAM 7 3 21 7 3 11 - 3
% P (0.25 u1) Starch 7 3 21 18 -« - 3 3
g .8 .
o 1 in 40 CAM 7 3 21 12 - 7 2 3 .
o (0.125 p1) | Starch 7 3 21 21 - - - 3 C
F I 1 1n 80- | caM 7 3 21 13 2 3 3 3
A (0.063 ul) | Starch 7 3 21 13 - 8 - 3
‘ W .
a : . . ) ; . B
B 1 in 160 CAM 7 3 21 3 - 1 17 3 . o :
(0.032 u1) | Starch 7 3 21 7 - 12 2. 3 : !
15 *Volume of whole blood lysate for 5 pl diluted lysate g i 1
e | ;
,i | :F
g ' ol 4
o ’ . ‘ ;2
f ; ) '° N 1“
. N ' j I
= 5
B : |
i ‘E
; |
i ] i
b o ‘ % |
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i o TABLE VII.. BLIND TRIAL — EsD — DETECTABILITY OF DRIED STAINS |
09 | *
i g Size of - L ‘
1y = Stained { Stain Age No. of | No. of Total . In- | Ques~- No No. of
’ bt Threads (em) {Days) Substrate | Stains | Readers | Readings | Correct | correct | tioned Activity | Varlants
i =
11 CAM 2 3 6 4 ~ 1 1 2
4 Starch 2 3 6 6 - - - 2
‘ 2 x 0.5 ‘21 CAM 2 3 6 5 - - - 2
0.35 ul WB Starch 2 3 6 5 - 1 - 2
L - 28 CAM 3. 3 9 8 - 1 - 2
: Starch 3 3 9 5 1 2 1 2
%
W 11 CAM, 2 3 6 - 3 - 1 2 2
% o . Starch 2 3 6 2 - 3 1 2 P
1x0,5 = 21 | caM 2 3 6 6 - - - 2
? 1 0.18 ul WB Starch 2 3 6 5. - 1 - 2
N\ | | |
: 28 CAM 3 3 9 5 ~ 1 3 2 :
;‘ " Starch 3 3 9 ¢ 2 - 5 2 2 ;
- %
" ’ : N T
C * |
N | ! .
N e
A o7
H ’ . -
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PGM was only examined on bloodstains of decreasing size, the results of \
which are tabulated in Table VIII. There were more stains examined on

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

'~“p1ete separation of the b and ¢ isozymes. This would cause PGM type 1

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

_earried out which shows that on CAM, m151nterpretat10n of some pheno~

types can OCcur. See Figure 2.

-quther blind trials were initiated for EAP, EsD, and PGM to confirm the
above conclusions; however, no sensitivity studies were includeq. The
trials consisted of large (approximately 25 ﬁl) bloodstains cut in half

wand tested on both substrates. The results ére summarlzed 1n Table IX.

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

4in the substrates when phenotyping EAP except that mno dilutions were

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

this is the main problem area for cellulose acetate. EsD pﬁeﬁbtyping is
.inconsistent on CAM whereas starch proved to- be reliable..'It was de—:
termined by experiment that EsD phenotyping of b]oodstaiﬁs on'CAM required
a different membrane buffer (i.e., a 1:7 dilution of tank buffer) than
required 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. FGM phenotyping on CAM
produced some interpretation ambiguities even with large amounts of

bloodstains and the separation was not improved.

At this point, however, there was still some queetion as to whether EsD
-and PGM were equivalent on both substrates, It was therefore decided to
yun confirmatory tests on all eight genetic markers. " The riesults are
.summarized in Table X. 'V;om this table it can be seen that several
questloned calls were made on CAM but not on starch. lso;raf this
time, after some initial experimentatiomn, EsD, PGM, and GLO 1 were being
phenotyped all on the same starch gel, 1t was therefore decided to con~

duct the conflrmatlon gests for starch usiﬁ“ this multlsystem which
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TABLE VIII. BLIND TRIAL =~ PGM ~ DETECTABILITY OF DRIED STAIN:S';
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 | Varlants
24 CAM 2 4 8 6 - 1 1 1
Starch 2 3 6 5 . - 1 - 1
4 x 0,5 31 ‘CAM 2 4 8 8 - - - 2
0.7 ul WB , Starch 2 3 6 3 - 1 - 2
42 CAM 3 T4 12 11 - 1 - 3
Starch 3 3 9 8 - 1 - 3
"24 CAM 2 4 8 7 - 1 - 1
Starch 2 3 6 6 - - - 1
3x 0.5 31 CAM 2 4 8 8 - - - 2
0.5 ul W8 Starch 2 3 ‘ .6 6 - - - .2
42 - CAM 3 4 12 12 - - - '3
Starch 3 3 9 9 - - - 3
24 . | caM .2 4 8 3 2 3 - 1
B : Starch ’| No Test ' :
2 x 0.5 31 CAM 2° 4 8 *'5 - 3 - 2
0.35 pl WB Sta-rch No Test] - A .
42 CAM 3 -4 12 11 - 1 -’ <3
Starch | No Test . :
24 CAM 2 3 6 4 2 - - 1
' Starch No Test .
1 x 0.5 31 CAM 2 3 6 5 - 1 o 2
0.18 ul WB Starch No Test . » .
' 42 CAM 3 2 4 12 9 - 3 - 3
Starch No Test ’ : :
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| . '
;; ;;‘1 TABLE IX; BLIND TRIAL SERIE'S 2 ’ . .
3 Test and Stain No. of No. of Total In- Ques=~ No No. of
: $ Substrate Age Stains | Readings | Readings | Correct correct | tioned | Activity Varignts
L ;
P EAP (Starch) | 2-4 wks| 10 4 40 s |- - - 2
.EAP. (CAM) No Test |
EAP (Stai‘éh) 4 wks 16 4 64 64 - - - 2
EAP’ (CAM) b ks 16 4 64 61 - 3 - 2
' EAF" (Starch) | No Test - |
i . EAP (CAM) 4 wks 15 3 . 45 45 - - - - 2
" Esl (Starch) | 2-4 wks| 10 4 40 37 - 3 - 2
‘t S ‘ EsD (CAM) | 2~4 wks 10 (Test fun twices result unreadabie)
4 EsD (Starch) | 4 wks 16 3 48 48 - - - 2
EsD (CAM) | 4 wks 16 3 48 18 - 14 16 2
1 EsD (CAM) 4 wks 15 5. 75 73 - 2 - 2
o PCM (Starch) | 4 wks 16 4 64 63 - 1 - 3
& 1 PGM (CAM) 4 wks 15 5 75" 70 - 5 - 2
]
' ) .
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= TABLE X.. BLIND TRIAL SERIES 3 '
53 Test and Stain | No. of No, of Total _ In~ Queéé No No. of
$ Substrate Age Stains | Readings | Readings | Correct | correct | tioned | Activity | Variants
s
= EAP (Starch) |2-3wks 7 4 28 28 - - Y- 5
EAP (CAM) 2-3 wks 7 4 - 28 26 ‘- 2 .- 5
EsD* (Starch) |2-3 wks 7 4 28 27 - - 1 3
EsD (CAM) 2-3 wks 7 4 28 27 - 1 - 3
PCM* (Starch) {2-3 wks 7 4 28 - 28 - -~ - 3
PGM (CAM) 2-3 wks 7 4 28 | 27 - - 3
GLO T#(Starch)|2-3 wks | 7 4 | 28 32’ #k 3 2
: GLO I (CAM) * | Insufficient séparation; No'.Test 1 ) '
i w . AK (Scarch) "]2-3 wks 7 4 28 28 - - - 1
e AR (CAm )| 2-3 wks 7 4 28 28 . - - - 1
. ADA (Starch) 2-3 wks 7 4 28 28 - - - 2
oo ama (can 2-3 wka 7 4 28 27 - 1 - 2
f Cc "(Agarose) |2-3 wks i 4 28 25 - 3 - ‘3 E
4 . Ge (CAM) Results too weak to read; No Repeat o
Ge (Agarpse) |4 wks 15 4 60 60 - - - 3
Ge (CAM) b wks 15 4 60 42 - 7 1 3
é Hp (Cont : | .
- Gradient) 2-3 wks 7 4 28 © 20 - 2 6 3
S Hp (Step | , | »
i ’ GCradient) 2~3 wks 7 4 28 17 - 3 - 8 3
1

IS - * EsD, PGM, GLO I phenotyped on one gel using multisystem method on starch.
. k% Origlnal report of this result (September Monthly Progress Report PR»2700-8) was incorrect.
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resulted in no incorrect results for all three markers. Subsequent
experiments of these markers on CAM showed that it was only possible.to

phenotype one markeér at a time on this substraté. It was now becoming

evident that the use of cellulose acetate membrane would not meet the .
Statement. of Work requirements in terms of reliability, repeatability,

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

It was, therefore, recommended that CAM shopld Be e}iminated from
further study for all markers except AK. (It was probable that this
marker would be phenotyped on gel, together with another enzyme.) It
was further recommended that all effort be directed towards system’

development with accent on multisystem analysis.

e
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4.0 SYSTEM DEVELOPMENT

:,Although experiments had been conducted since April 1977 bn combining
two or more systems on a single substrate, the initial approach to

system development was to consider the pH at whi;h each genetic marker

pHs are listed below: S

Marker

. AR -
- EAP
.. . ADA
"GLO I
- EsD
PGM
. Hp

-g1as separated on an individual basis.

®

The' markers and their separation

s & & o s

4

B

AW W0O

Ge

L mONNOL WL

It was decided to examine the enzymes; EAP; GLO I, Esﬁ, and PGM on a
variety of buffers. A l-um starch gel (20 x 15 cm) was divided into
‘four sections and blood samples repregenting many of the common pheno-
types were applied on cotton threads in each quérter. Electrophoreéis
* 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 (byvmeasufing the appropriaté migration), and whether
each enzyme was separated sufficiently in any given buffer. It was
confirmed that EAP phenotyping is improved if citéate jons are present
1(if not, the "a" isozfmes are found in a more céthodic position and are

mot so easily interpreted, Hopkinson & Harris 1969).

Many buffers were examined, starting with ULO I tank and gel buffers
(phosphate at pH 6.8), followed by EAP (citrate/phospkate, at 5.9), EsD
(Lithium hydroxide/tris at 7.4), and PGM (tris/EDTA/Mhleate/MgClz, at

. :pH 7.4). Small amounts of citrate were added to some of these buffers

" without resulting in the desired improvement. Different concentrations

FR~2700-101 4-1
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.0f phosphate ‘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 ggl buffer).

"'GLO I, EsD, and PGM (pH range 6.8 to 7.4).
-geparation were a PGM tank buffer (Culliford, 1967) with an EsD gel

. the gel (Culliford, 1967).

It soon became obvious that the best combination of enzymes would be

The buffers giving the best

(Parkin and Adams, 1975) or a PGM tank buffer with a 1:15 dilution for
. It was then decided (before too much work
was donie on the GLO I, EsD, PGM combination) to examine the otherf;hree
enzyﬁés—-ADA, EAP, and AK--to see if tﬁéy would separate on the same
gel. It soon became apparent that they would; in fact, one of the

earlier gels was composed of EAP tank and gel (citrate phosphate pH 5. 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
provisionally decided to call GLO I/EsD/PGM Group I, ADA[EAP/AK Group
II, and Gc/Hp Group III.

AL this point, it seemed appropriate to consider other substrates, i.e.,

acrylamide and agarose. It had been reportéd (Adams & Wraxall, 1972) that
the enzyme EAP was inhibited by acrylamide. It was thought that this may

‘Japply to other enzymes. The enzymes PGM, EsD, and EAP were separated on

5% acrylamide gel-using a cyanogum 41/ammonium persulphate/TEMED mixture
in the appropriate buffer. This caused inhibition of each of the threg
énzymes. Other means of polymerization of the acrylamide gel were
ﬁried These were riboflavin and dimethylaminopfoprionitrate (DMAPN)
which appeared to remove the inhibition bt dld not improve the separa~
tlon. It was concluded that the acrylamide was having a sieving effect
on the enzymes which was not obvious in starch or agarose gels. The
isozymes of each enzyme are sepaféted 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

FR~2700-101 42 ' .
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‘because 1) GLO I requires either the incorporétion of. starch or fﬁe use
~-0f the positive stain method (Parr, 1977) using dichlor01ndophenol (DCIP)
which was found to be insensitive, 2) ADA and AK were considered to be
enzymes which would be "added on" to one of the other eﬁzymes for bheno-
typing (e.g., Group II). It was therefore decided that the six.enzymes

should not be phenotyped on acrylamide but that this substrate would be

‘~considered for Group III (Ge/Hp) later.

"The ‘other substrate to be considered was agar or agarose. These gels
exhibit a property not ‘'seen in starch or acfylamide. This property is
electroendosmosis and, depending on the degree or M »valﬁe, results in

the retardation of the isoenzymes. Agarose is a purified form of _agar

-and manufacturers are now even listing the M —value of their agaroses.’

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—
‘sulting in most of the enzymes migrating cathodically. The Sigma Chem-
-ical Company produces three agaroses all w1tb different M —values and it
- was found that the lowest endosmosis value agarose gave the best re-

sults, Group I enzymes separated better than Group II and even gave

better results than on stérch gel. It was therefore decided to concen-

trate our efforts on the separation of GLO I, EsD, and PGM on agarose
-and consider the Group II aeparatlon later.

'4.1 Group I

The first important consideration was how to stain for GLO I. The DCIP

- method was found to be insensitive in that the lysates exhibited more

activity when staiped by the starch/iodine method. This method, however,

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

percentage, into the agarose gel'was the obvious answer which gave
excellent results.

>

b
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*yoltage, time, pH, and ionic strength.

~yréliability.

‘separation of all three enzymes.
" routinely separated under those conditions (on starch), and EsD is

- ferent.
.teen hours of electrophoresis time (at 3 V/em) was found to be inadequate
Higher voltages and lower electro- -

Concentrations of starch ranging from 1 to 3% in agarose gels of 0.8 and

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

‘polymorphic enzymes are normally separated under optimum conditions of

It was therefore necessary to

test all the enzymes in Group I to avoid any loss of sensitivity or
The pH and ionic strength of the tank and gel. buffers had

already been established in the PGM buffer in terms that it gave the best
It was also better because PGM is

.separated routinely at pH 7.4 even though the ionic strength is dif-

The next condition to establish was the voltage ahd time.  Six~

because of diffusion of the isozymes.
phoresis times were in order; the choice was between 20 V/em for 2-1/2

-hours, or 15 V/cm for 3-1/2 hours. The remaining conditions to be con-

sidered were the pH, ionic strength, and biochemical concentrations 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

Yeaction for GLO I and its relationship with reduced glutathione and

- ~methyl 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 umbelliferyl acetate (MUA) is very
sensitive at alkaline pH but hydrolyzes and gives background fluores-

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

Obviously, when an'enzyme 15 separated in a different environment than

is usual, all the other conditions must be examlned for optlmum relia-
- bility and sensitivity. However, in early September, 1977, even whlle

all these conditions were being examined, a blind trial sent from a
serology study group was typed for Group I enzymes.
of eiéht 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 M).

c
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--could be resolved on the same gel,

4,2 Group IT

Io late August, 1977, having established that Group I had good potential,
1t was decided to examine Group II--AD ’ EAf, and AK. 1In early experi-
ments, it ﬁas seen that EAP and AK could easily.be separated even thoogh
“there was a possible overlap of rare variants (i.e., EAP DB, dnd AK 3-1).
This was using standard EAP gel and tank buffers, citrate—phosphare pH
;5.9,' The results of a blind trial for EAP and AK, shown in Table X,
were phenoﬁyped on the same starch gel. The problem was ADA and how it

The ADA 1sozymes were well separated

.

L and’ dld not overlap the EAP isozymes but the results were weak and '

diffuse. Further work showed that the liquid enzymes used in the reaction,

“nucleoside phosphorylase and xanthine oxidase, were partly to blame and

when these were purchased from Boehringer, results were dramatically

improved.

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

(Further improvement was obtained later when the pH and ionic

improve the resolution of the ADA isozymes and this was attempted by
altering the pH and ionic strength of the tank and gel buffers. The

-constituents (i.e., citrate and phosphate) were not altered because of

- the EAP "a" isozyme's affinity for citrate, Hopkinson & Harris (1969).
~ Buffers between 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 the heat lablllty of EAP "a" isozymes in relation to the "b"

and "c" isozymes, Wraxall & Emes (1976). Therefore, if a method to keep
down the heat generated during electrophoresis could be achieved, this
would hopefully resolve this problem. This was accompllshed by con-
ductlng eleetrophore51s overnight which not only solved the heat problem,
.but employed the equipment and personnel time much more effic1ently.
This will be described in detall 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 JZ agarose gel gave disastrous
results with the electroendosm051s causing EAP and AK to migrate cathod-

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

.
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.after many determinations, it was seen that -the starch gel was superior

to any agarose OT agarose/starch gel combinatioq.

The buffer which gives the best seﬁaration is the citrate~phosphate

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

gel, the buffer changes to 6.2 This resulted in the AK 1 isozyme re-

-maining on the origin and causing problems with interpretation. This

"was overcome by making the gel buffer from dry chemicals to pbtain the
correct pH (5.5). With the electrophoresis conditions optimized, it was

now essential to optimize the reaction conditions similax to Group I.

4.3 Group 11T

-Several ideas had a-ready been tested earlier in the program prlor to

system development. These concerned the simultaneous separation of Gec

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

aration of serum proteins.

Most phenotyping of Hp on bloodstains is accomplished by using grédient
acrylamide gel (Culliford, 1971).

in starch gel, when bloodstains are applied breakdowa ptoducts cause

Although Hp in serum can be separated

. severe smearing throughout the gel. A gradient acrylamide gel by v1rtue
‘of its decrea51ng pore size allows the small molecular weight breakdown

. products to move through the gel while retaining ‘the larger haptoglobln

. 4-proteins according to their molecular weight. Howaver, as these blood-

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

. dncreases and is mot cleared from the gel.

-

Apart from the time-consuming proceduie for preparing the.gel, the step
~gradient acrylamlde method (Grunmbaum, 1975) consisting of layers of 4
6, and 8% acrylamlde gel presents even more of a problcm.(see Table X)
The gradient; not being contlnuous, does not allow the breakdown and

aggregation products to migrate from the gel while stopping the fast-—

moving Hp 1 band.
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‘=¢ertain aqueous solutions.

-A well-known and widely published biochemical procedure dating back to
1901 (Kriiger) uses chloroform to precipitate denatured hemoglobxn from
We have utilized this technique to clean up

..extracts of bloodstains before electrophoresis, thereby eliminating

.smearing which causes masking of the protein.bands. This technique was
initially applied to haptoglobin typing on continuous gradient ecryla—
mide gels resulting in the ability to phenotype old (3~4 months) stains.
Later, when the homogenous acrylamide technique was' developed, the
.chloroform extraction technique became an integral part of the method.

-

Another earlier jdea was the simultaneous seéaration of Gec and Hp en
agarose. It was already established (Wraxall 1975) that Gc phenotyping
could be accomplished by antigen-antibody crossed electrophoresis (AACE).
‘However, although this technique was more sen51t1ve than CAM (Table X),
it requires a high degree of technlcal skill. Haptoglobin is best
separated, as previously mentioned, using some form of molecular sieving
(e.g., acrylamide) as the polymer bands are separated not by charge but
by molecular weighﬁ. On agarose, there is a separation of the three
main types but the differentiation betweeﬁ the types 2-1 and 2-2 is very
small. Even so, it was thought worthwhile to try separating the three Hp
types by AACE hoping that some improvement in the differentiation miéht
occur. It was possible to separate the three Hp.types and, by using
-longer electrophoresis times (up to 4 hours), the three Gc types could
‘be separated as well, all at the same time (Flgure 4). There was,
however, some 1nteractlon between the two antlgens, resulting in a loss
- of activity on the Ge. This was attributed to the two antisera being
made in two different animals (i.e., goat and rabbit.) This problem
could easily be remedied but it was concluded at this time (July, 1977)
'thak the separation was not good and that the skill required would

probably make the system impractical.

. The simultancous separation of Ge and Hp was, therefora; left until late
September, 1977, when the initial approach was to separate both proteins

on acrylamide, staining Hp with o-tolidine and Gc by immunofixation. The
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;Eigure 4. Separation of Gc and Hp

first experiments were very encouraging in that both Hp and Gc separated
It was then
necessary to try different buffers between pH 8.0 and 8.6 and different
eoncentrations of acrylamide, to obtain the best separation. Several

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

. being obtained with the simplest buffer——trisfglycine at pH 8.4. Sev-

eral methods of acrylamide polymerization were tried, the best results

‘being obtained using DMAPN. The concentration of acrylamide selected

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

‘ularly true of the Hp 1 band from free haemoglobin. Preliminary results

.on Gc showed that the immunofixation procedure would work,. and once the
separation details had been established it would then only be necessary

to work out the immunofixation details to give maximum sensitivity.

When the program was moved to the Beckman facility in nid-November,

1977, system‘development was well advanced and position of all three

S

groups was as follows:

e
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Separation conditions well established.- GLG I, PGM,

.- " Group I
-and EsD all working well on four-week—-old stains.
.. «.Group II Separation of ADA, EAP, and AK possible on one gel. Re~ -
Co action conditions of each enzyme need to be established.
‘Group II1  Separation of Ge and Hp possiﬂle on one gel. Four-week-

. . -0ld stains working for Hp. Gc unknown on stains at this
W - time, Conditions for separation and detection need to
be optimized. e

:After the new laboratory had been established, each group was optimized

.in preparation for Method Feagibility Testing. In Group I the reaction

‘mixture for GLO I was optimized, the critical positioning of the origin
was established, and several types of sponge cloths (used for bridées)
from different sources were tested. In Group II the pH was fixed at

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

-EAP, and AK were optimized, In Group III the chloroform extraction pro-
-cedure was examined using different buféeés at varying pH's for the
preliminafy extraction. The. initial selection was the tris glycine huffer
at pH 8.4 (this was later changed to water at neutral pH which gaVe'eieaner
extracts). ' S

It was discovered after optimizing the staiﬁiné procedure for Gec on
* ~acrylamide that the degradation product which occurs in stains inter-
feres with the typing of the protein. In agarose it is known to develop
into ‘a fast-moving globulin immunologically.identical to Ge protein. In
»~acry1amide it was found to migrate into the slow Ge 1 position and,
. therefore, cause interpretation problems (Figure 5). 1t wag decided
ifto examine agarose, using the same buffer, to see if stains could be
‘5phenotyped for Gec by immunofixation. The results were highly acceptable.

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

was possible to phemotype Ge using the same buffer, im the same tank, at

. . . 1

the same time as Hp.
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All three groups were then subjected to internal blind trials in prep-
' aration for method feasibility testing. Some minor flaws were overcome

. @nd system development was complete. Methodology is described in°

.-Appendix C.

) 4-4 ‘ ‘ “

Hardware Selection

It 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 modifled as required by new methodologles.
--However,

in order to evaluate a varlety of substrates in addition to

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

~Several types of commercially available cells were wbtalned and eval-

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

-*work was part of the program plan as summarized in Figure 1.
-decided that for simplicity,

system,

It was
only one type of cell would be used for our

‘The electrophoretle cells discussed in the follow1ng paragraphs were
con51dered

4.6,1

Microzone
2Lerozone

This cell is designed for use with cellulose acetate membranes. It has

There is an acces-

--been used in cllnlcal laboratorles for many years,
- sory kit that permlts it to be used with acrylamlde gel.

The Microzone cell is small, with a separation distance available of
about 7.5 cm.

Thls is adequate for the separation of one constituent at

a time. However,

when it was decided to use simultanecus analyses with
-a gel substrate, the Microzone cell proved to be much too small. It

would also require the addition of a gel cooling plate. These modi-
fications could not be made without a complete redesign of the oell
Therefore, it was eliminated from further considerdtlon.
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4.4.2 . Gradipare

'This apparatus is designed for continuous gradient acrylamide electro-

4s commercially available and can be used for the Bloodstain Analysis

‘ | e . - System without modification. The Multizone is used primarily in clin-
phoresis with the plates in a vertical position. While this apparatus S — St (i

.

*4eal applications and -is not sold with a ‘cooling plate. Some modifica-~

can i used f ‘ : . .
can also be used for homogenous acrylamide, it cannot be used tor S ' -tions must be made to the cell to accommodate a cooling plate. Multizone

“horizontal starch gel plates. There did not’ appear to be any way to ‘ LT .cells were modified and prototype cooling plates made for support of the

ded. ' : . _ 4 .
easily adapt this instrument to our needs and it was also exclu e !: - _development work of this program. ‘ . : .
_ ﬁ . . . M

44,3 Visifar

- This apparatus is capable of handling all substrates except cellulose

LI

This type of cell is large emough for the multiconstituent simultaneous

analysis which must be done to stay within our hardware constraints. The

[
L -
acetate on a horizontal basis. ' However, some modifications were required, l & : - ~8handon cell and cooling plate is, therefore, recommended for use with
‘both to the cell and the cooling plate, which would prové costly éqd so ’ {: ' . _the Bloodstain Analysis System. )
this apparatus was eliminated. ‘ . oo R ] ) S
. ) Lo ' ‘f o . ' {: 4.4.6 - System Hardware
‘ . . - . . . [ . : . . 3 . ﬁ,‘ﬁ . .
bbb Nanophore ‘ : . ] -The process of selecting the hardware is summarized in Figure 6.

Two prototype Nanophore cells were loaned by'NASA for this program. The

-Nanophore unit is similar to the Microzone. It is small and designed The electrophoresis cell is a major critical part of the hardware. The

[

primarily for cellulose acetate membranes. A cooling plate can be used ! {: o -total system consists of one refrigerated circulating coo;ing bath,
for gel su?strates. However, the existing cooling capability is not A ‘ 1. _ _ three electrophoresis cells with cooling plates, and~twp’power supplies
. adequate for use with starch gel, o . . ‘ i (Figure 7). The complete list of equipqent including accessories is
. ’ ' ' ' | ‘ [: .included in Appendix C. . . R
‘Inereased cooling is possible if a metal cooling plate were used in~ ' » ] ; i
‘place of the existing plastic one. Another and more significant problem I: ’ 4.5 Parallel and Sequentlal Analysis

is the small area available for the electrophoretic separation. This is The systems of parallel or sequent1a1 analy51s Whlch were proposed as

- adequate for CAM but not, for starch gel when separating more than one alternatives to the multicompomnent ana1y51s, require some comment. To

component in zones as described in Section 4.5. . -help the understanding of these different types of analyses, the fol-

. : . Jowing definitions are proposed.
In view of the extensive modifications required to optimize the design - o

for this program, it was eliminated from the final system. ' i: . ,‘ e Sequential Analysis. This is where only one cell is used.

. 'The first genetic marker is analyzed and the results re-

4.4.5 Multizone/Shandon

.corded. The buffer 1s replaced and the second genetic marker

. : -1 lyzed in th 11.
The Multizone and Shandon cells are dimensionally identical ‘and per- S analyzed o e same cell. This procedure is repeated
‘ o until all the markers have been analyzed. For each marker

formed equally well in this program; The Shandon EellAde cooling plate

=
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at least one control is used and oneﬁéiiqudt of stain is gi !'& ? g , .
used for each of 8 samples (Figure 8A). =~ =~ B o g: B ; g .
. L.,
@ Parallel Analysis. Here the samples are applied in triplicate ) Y§
to the substrate, After electrophoresis the substrate is g: i ‘ ' i
-divided into three strips, parallel to the direction of elec- '}'ii L' o . 'INDi;IDUAL/SEQUENTIAL 5
- trophoresis (Figure 8B). Each of the three areas is then - e i . \ { 3
: .stained for a separate genetic marker. Allowing for one con- = j . i Si .o
trol per marker, this only allows for two samples to be typed ' s ‘ g STAINED FOR A: _gg TOTAL: |
per electrophoretogram, using one aliquot of stain per sample S § ) A 1 GENETIC MARKER ! S4 ‘ é ggﬁ;&g&
per genetic marker. o . {i g - A frl vgg , .
: o . N,
® ‘Multicomponent or Simultaneous Analysis. Thls is the type of | i}d - S8
system developed in this project where two or more dlfferent ‘ E‘“" ]
-genetic markers are separated at the same time and are de- - . .
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tected in different zones on the same substrate (Figure 8C).

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

C1
S1
S2

STAINED FOR
GENETIC MARKER 1

“phenotyped for two or more genetic markers using one aliquot

A S

fof stain for each of the sgmples. | . . ‘ o TOTAL‘
| | ) | B L STAINED FOR R 2 s1| 3 covTROLS .
. It would be appropriate to compare both the technical and practical A {: ’ ' $2 2 SAMPLES
problems of these different approaches: . . '] C STAINED FCR g?
: U o ) B -GENETIC MARKER 3 S2
Technical. With the parallel approach and 1rrespect1ve of substrate, - V . ” l T
. A
the separating conditions of buffer, time, and voltage have to be re- ‘ OR;CIN ?
v 4 . . l
searched to ensure that the isozymes of each genetlc marker are sep- ‘ : ! X
S . . .
-arated optimally. The same is true for multlcomponent analysis. ‘ R ® SIMULTANEOUS - () :
Several tests were made to evaluate thi'parallel system after these B . . ‘. ' bl '
conditions had been determined. On starch gel, hemolysates in trlpll— ESQINED EEQINED : gé' TOTAL
cate vere phenotyped for the Group II systems, i.e., EAP, AX, and ADA. GENETIC GENETIC 1S3 -
¢ | maRKeR MARKER t sa| & CONTROL
All separations were satisfactory, but when the same three enzy@gs were ' 1 ! 2 | S5 8 SAMPLES
examined on cellulose acetate the'results were far fromvadequate. The o j S6 i
EAP isozymes were insufficiently separated and the AK and ADA isozymes . : gg ) '

appeared diffuse. ‘By cutting the membrane.into three, parailel-:o'the

FR-2700-101 : 4-16

e e xee e ———— - et .= e—, S o el ety THLIEIRT, T N e e et ¢t
. . P . . - . - .

A e

STAINED FOR
GEN;TIC MARKER 3

Figure 8.

FR~-2700-101

Comparison of A) Individual Sequential, 8) Parallel, and

C) Simultaneous Separations

4-17




PN

B

" ‘made.

direction of electrophoresis,

this gave rise to "edge effects™ on many

samples, resulting in distorted isozyme patterns.

“There are no technical problems with ‘either sequential analysis or

=mu1ticomponent analysis as described.

However, one point should be

Cellulose acetate electrophoresis is normally reported (see

references of Sonneborn and Grunbaum on cellulose acetate) requiring only

-short, 30-60 minutes, electrophoresis times.

The same time can be

.achieved on gels, only it would require a higher voltage power supply.

" For example, 400 V on an 8-cm-long cellulose acetate membrane is equiv-

alent to 50 V/cm across the membrane.

20-cm-long gel is equivalent tQ 20 V/cm.

2.5 times longer to achieve the same separation.

Therefore, the gel will take

The other alternative

4s to apply 50 V/ecz to the gel (i.e., 1000 V) and thereby achieying the

same separation in the same time.

The differences, however, between

sequential and multicomponent analysis become more acute when the

practical problems are considered.

Practical.’

In parallel analysis, unlike simultaneous analysis, any

overlap of one genetic marker with another is not important because .

the whole length of the substrate is stained for each system

-8B).

~ pH of the buffer chosen for each of the three groups enabled each
to be well separated from thp others.
was applied to optimizing the separation of the isozymes and the reaction

conditions of each genetic marker.

However, overlap was never a problem in this project because the

The main objectlon to parallel

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

to the forenmsic serologist, il.e., each enzyme being typed individually.

There is no saving in.terms of time oxr t

(This becomes more important as the number of genetic markers examined

in a bloodstain increases. )

As more control samples are required in

+parallel analysis, fewer bloodstains can be processed per electro-

- phoretogram (Figure_SB).

o
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The same voltage applied across a

(see Figure

marker

Most of the effort in development

he amount of bloodstain required.
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- It was guggested that problems which can occur in multisystem aﬁélygis
(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. This is assuming thar all the

‘methodologies available for individually phenotyping these markers have

- been optimized. "Tnterpretation,"

the new methodologies have shown that the 'old" methodologies were not

As can be seen under paragraph 4.6,

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

‘EsD) which is the substrate proposed for sequential analysis.

4.6 Interpretation

No mattgx’how simple or fast a methodology on whatever suﬁstrate, the

.- ultimate problem is the interpretatiocn of results. I the phenétype 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 substraté; etc.), and
_therefore the analyst should not be expected to be fully proficient in

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

.any electrophoretic procedure, with the use of known phenotypes, will

always enhance the confidence in interpretatioﬁ.

Photographs in this section illustrate the sepafations achieved for all

" eight genetic markers. The following discussion is imtended to help the

reader to see the substantial improvements obtained im these separations.

Groug I
The separation of the three GLO I phenotypes is shown in Figure 9. When
“compared with -the starch gel procedure (Parr, et al, 1977), it can be

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

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.

3
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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 (sc¢e Parkin & Adams, "1975; Grunbaum, et al, ref. 10). With

the secondary gene products (i.e., the weaker band) in a type 1 show1ng
a slower mobility than the primary gene product in a type 2-1 (i.e., the
~-middle strong band), there is no confusion both in hemolysates and
- bloodstains (Parkin & Adams, 1975).

4dentified. : . )

Rare variants should be easily

e

There is & good

“The three common PGM phenotypes are shown in Figure 11.
.separation of the b and c isozymes which is important in differentiating
. between type 1 and 2-1.
to -the available starch method (Culliford, 1967) and is better than that
i ~ i-achieved by Grumbaum (1974) and Zajac and Spraguej(l975) (FigureIZ).

-All the rare variants at the PGMi locus and the fast-moving variants of

The separation of the PGM isozymes is equivalent

. - -the PGM, locus are eesily observed.

_ 2 ved. L
¢ BSroup II ~ o R T o e

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

. the isozymes is as good, if not better, than the method of Culliford
{(1971).

a type 2-1.

‘Care should be taken when differentiating between a type 2 and
From the figure it can be seen that this differentiation
relies on the intensity of tne 2 isozyme in relation to the 1 isoenZyme.
“Variants of ADA should be easily identified. | .
Four of the six common EAP phenotypes are shown in Flgure 13. The sep-

arar:on of the a' isozyme from both the b and c isozymes is partlcularly

important for easy interpretation and -it can be seen that this has been
e . more than adequately achieved. When the separation is compared with
that reported by Wraxall & Emes (1976), some improvemént is noticed.
When this separation is compared with that of Grunbaum and Zajac (1978),
It wiii be noticed how much easier it is to interpret this improved

e . isozyme pattern (Figure 14). EAP phenotyping relies on the quantitative

e
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Figure 14. EAP on CAM Showlng Enhancement
: with a) Sodium Carbonate Glycine
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. differentiation as well as the qualitattve 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

and not of the different samples.  (Compare types CB and B in Figure

13). The rare variants type R and D are separatédfin this system and
A are easily identified. B ) oo
,t\"# . ) ) . . s . B . )
It is reported in the literature (Sensabaugh & Golden 1976, Grunbaum &
a Zajaé 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 ¢ isozyme. If en-

hancement is required, the use of a sodium carbonate/glycine solution
o will result in more activity than glycerol without the resulting prob-
) lems (see Figure 14). '

. The two common AK phenotypes are shown in Figure 15. Comparisons with

i ‘ the separations of Culliford & Wraxall (1&685rand Saenger & Yates (1975)

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

.;+g@§f2~ITShould be carefully studied.

[
Joy - *
P

iy Group ITII i - ) . .

The imterpretation is
very easy and when compared with the results of Wraxall. (1975), a great

(1975), and

There develops
in dried stains a degradation product immunologically fdentical to the
-Ge proteir.

“The three Gc phenotypes are shown in Figure 16.

improvement can be seen. When compared with Johnson, et al,

s

‘Grunbaum and Zajac (1977), the separations are the same.

It is the fastest moving of any Gc band amd quite often it
-occurs outside the immunofixation area and therefore does not interfere

with the interpretation (see Figure'5).. All known variants of Gc are

easily observed. A

/]
{/

-

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

tiation between the types 2 and 2-1 can Le difficult but the separation

FR-2700-101 | -1 -
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1¢ as good as that shown by Culliford (1971) without the ﬁeed for
gradient gel equipment and is better than that of Grunbaum (1975). The
following points will help in the differentiation between the types 2
.and 2-1., Firstly, it is not always possible to see the haptoglobin'1~
band in a haptoglobin type 2-1 Secondly,‘tﬁe 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 normally held by the 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 well separated to
enable the analyst to easily identify the correct phenotyée. Poor or
inadequate separations can oniy lead to misinterpfetations. It can be
seen from the figures that theré is at least equivalent separatiom, if

not a substantial improvement, of all of the eight enzymes and prbteins.
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The results obtained during the program are summarized below:

<

'RESULTS

e’ Discrlminatlon. As seen from Table III, using population-data

from white caucasmans, a discrimination probability of 1 in

.~200 is possible when using the selected elght genetlc markers.
' The inclusion of minorities in a general population would re-

duce the discrimination probability dependlng ‘on the percentage

in any given population. For example, the 1974 California

'v»population consists of White 7311%, Black 7.4%, Hispaniec 15.5%,

and Asian 4.0%. Using the population data of -Grunbaum, et al,

(ref 9), the discrimination probability of a general populatlon.

4n California {26.9% minorities) would be 1. in 170.

‘v

o ﬁloodstaln Hateriais. Bloodstalns on both glassxand,eotton

fabric were ea511v phenotyped and, durlng ‘the Crxme Laboratory

Feasibility Testing Phase of the program, it was shown that’

stains on a wide variety of other materials can be ana;yzed

(Appendix B).

® Volume. Although the volume of blood allowed by the Statement

of Work was 25 p%; all eight genetic markers could be easily

phenotyped using only 5.5 ul.

Age i i be. four weeks; it
® The age of the stains was required to ;

was found that all eight enzymes and protelns were stalle and

therefore able to be typed at this time. Some bloodstains

have shown activiiy for six of the eight systems even at

- 2-1/2 months, and Hp has been deétermined (using the chloroform

extraction technique) in stains eight months old.

; Analysis Time. Simultaneous analysis of the eight genetic

. markers has been accomplished using only three electrophoretic

FR-2700-101 | 5-1
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.¢ells as described in the methodologies (Appendix C) The
ST Y Aanalysis of at least 9 samples phenotyped for all eight
' “markers can be completed in 24 hours, using 2 maximum of 3.5
manhours of labor. The electrophoresis of Group II enzymes'
"for 16 hours is carried out for the convenience of the oper-~
ator, allowing him to utilize the equipment and his time much
more efficiently.

e Reagent Selection. All reagents required in the methodologies

o ' - -are normally obtainable from more than one source in the

- ‘Dnited States. However, it has been recommended that certain

-reagents should be obtained from specific suppliers in pref-
. -erence to others (e.g., the liquid enzymes for the reactions
.+ - -.--of PGM, AK, and ADA supplied by Boehringer)

o' Health and Safety. There are no deviations fram requirements -

.—establlshed by the Health and Safety Act of 1975 when u51ng
-the reagents. Normal safety provmslons should apply.

-

' ) Accuracy and Reliability. As can be seen from the Method
Feasibility Test Report (Appendix A), the accuxracy and relia-
bility of detection of the eight markers is more than 99%

at the 907 Confidence Level.

e Traiving., Four analysts were trained in the methodologies for
‘two weeks. It can be seen from the Crime Laboratory Feasibility

Report that this was successful. All four analysts success-
fully phenotyped 30 blind trial samples and are now routinely
using most, if not all, of the genetic markers in casework in

their own laboratories.

Where an analyst is familiar before training with all the pheno-

. types of a particular enzyme or protein systemg then the pheno—
( types obtained using these methodologies give clear T, nare
. unambiguous results than previously encountered. Hoaever,
e FR-2700-101 | 52
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o . | rolo-
some of these markers are new to nearly all forensic se »

(e.g., GLO T and Gc) and therefore a longer exposure to
b o - It should be noted

~
>
L}

‘the phenotypes than two weeks is required. s
2 rst,
~that there was an improvement in tha results after the fi

zand second blind trial. i ',': .

The total cost of the equipment required, con-

»é:\sttem Cost. : ; o
' sisting of a fefrigerated cooling bath, thrgevelectrophqgsfﬁf?
| : es, one
cells, three aluminum cooling plates, two powex supplies, ;
' ’ ‘ y » - K}
trifuge, and all the small accessories, 1s approximately
- «cent ) J .

o , 43,500, The cost per analysis is much less.than §25 per stain
. . 9y . ‘

(see Feasibility Test Report, Appendix A).

)

Py
Loty

-,

B FR-2700-101 ‘ =3 SRR

RS

4

W

£t amorgiie [PPSO ey

fe

o
1
]

2]

=

6.0

CONCLUSIONS

.-Aftef a review of the completed program, we have drawn the following
“eoiiclusions: -

1,

6\

21

‘ ‘.‘FR-,-Z 7 9;§... 101 ,”/;t:\ ﬂ )

i
i

I

-2

‘ setups as allowed by the " contract.

The technical requirements have been satisfied.

4 four-week~old bloodstain of only 5.5 ut of whole blood can

be phenotyped for eight genetic markers using -only three
électrophoretlc cells.

-

At least nine stains can be phenotyped for all eight markers

.in only 24 hours, using only 2.5 manhours of labor..

There has been a vast 1mprovemént in the clarity of many

‘Phenotypes using less bloodstained material.

Analysts Competent to perform single component electroghore31s

¢an learn the methodologles for multlsystem analyses in a two-

~Week perlod of instruction.

Analysts without prior experience with eleﬂtrophdresis‘will
Probably require more than two WLekS of imstruction. Academlc
background and spec1f1c work experience would be 1mportant

for the rapid understanding of all eight genmetic markers.

The probability of dlscriminatlon of one person out of 200
aypears to be close to the maximum achlevable dlth only three

Additional setups would

--provide increased dlscrlminatlng capablllty, as other blood

genetic markers can be 1dent1f1ed

The Bloodstain Analysis system represents a 51gnificant advance
in forensic science in reducing time and equipment requirements
and expanding capabllitles for processing evidence.
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1.0 TEST OBJECTIVE

1

Prior to presenting the Bloodstain Analysis system to selected crime labora-
tories for field trials, it was required that tests be conducted to verify
that the system met the requirements of the Statement of Work. Those re-

quirements are listed below. The performance of the system for each of the
‘requipements is discussed in Section 3 6f this repért.

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 with paragraph 5.4.3 of the subcontract
R ,
Statement of Work. T ‘

2.0 REQUIREMENTS N _
2.1 Accuracy and Reliability . 0

Accurately identify the constituents in a minimum of-90% of the unknown stains.

2.2 . Sample Vélume

Perform the complete analysis on a stdin equivélent to 50 pl of fresh blood
using no more than half the sample. . )

2.3 Degree of Individualization poo e :* ' . ] B

The system shall provide a probability of discriminating one person “in 200.

2.4 Rapidity

- It shall mot require more tham five manhours in a 24-hour period to identify
the constituents of one stain. : v

2.5 Clarity of Reading ' EE o .
The reading of the stains shall be unambiguous. -
. & - - L
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 of the unknown stains were accurately identified.

2.6 Costs,

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 performénce

 requirements. Using much less than 25 pl of sample allotted, more than 907

All eight of the selected
blood constituents were identifiable which provides a probability of dis-
criminating one person in 200.
Out of 144 readings, only one was not correct. A minor change in the develop-
ment buffer was made to eliminate an ambiguity in that comstituent. The

pystem now provides clear and unambiguous phenotypes.

e .

With less than four manhours of work, as many as 12 samplé; can be processed

in a 24-hour period. ' Im practice, it may be more convenient to use about 26

.hours total time to allow an overnight run. Capital costs of the system are

subétantially less than the $6,000 allotted. Amortized costs per analyéis

are of course dépendent on usage and time., However, even with only a few

éamples a month the cost would ﬁe less than $25.00 per sample using a five-
year depreciation base. Although four substrates are required, they can be
handled in three set-ups. ‘Overall, we conclude that the feasibility of tha

proposed system has been proven and it is ready for presentation to selected ,L

crime laboratories.

3;2 Accuracy and Reliability

There were a total of 18 stains presented by Aerospace Corporation for ident-~
ification. A summary showing the code number of each sample, the referee

analysis and -our ;esult is presented in Table 1,
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Table 1. TFeasibility Test Readings
Stain Group T . Group IT Group TTT :
Code  Date GLO ESD PGM ADA EAP AKX Gec  Hp Notes
T1 12/20 2 2.1 2 1 'BA 1 2-1 2 1
T2 12/20{ 21 1 2-1 1 e 1} .1 24 1
T3 12/20 2 2.1 2-1 1 A 1 1 17 1
o 12/20] 2 2.1 1 1 8 1) 21 211 1
TS 12/20| 2-1 1 2-1 | 2-1 B 1] 1 2 1
6 12/20] 2z 1 2+ 1 B 1} 211 221 ] 1
T7 12/27} 2.1 1 1 i 8 1} 1 71 1
T8 12/2717] 2 2=1 1 1 B 1§ 1 1 1
T9 12/27 2 2«1 2-1 1 B 1 2 2| 1
TI0  12/27] 2.1 1 2-1 1 B 1 f 21 2 1
i1 1227 2 1 1 T B 21§ 2.1 2 1
T12 1/3 2 1 1 1 B 1 1 21 "1
T13 1/3 | 21 2.1 1 1 A, 1 2 241 1.
T4 - 1/3 1 1 1 BA 1 2-1  2-1
. , 5 2
15 1/3 | 2 241 21 | 1 BA 21 § 21 21 | 1
T16 1/3 2 1 1 1 B 1 1 2-i 1
m 13| 2 1 1 1 A 21 ] 21 21 | 4
T19  12/22 | 2-1 2-1 21 | 2-1 ®A 1 1 241
2 2.1 2 4
.Notes:

1. All constituents correstly identified without question.
Retest identified as 2. :
Retest identified as 2.

2, Stain Tl4:”
3. Stain T17:
&4, Stain T19:

IR-2700-101
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Hp questioned,
Hp questioned.
GLO questioned.
PGM questioned. Retest verified as 2-1.

~ 4ADA miscalled. Test sample confirmed as 2.

- amv -~ Ss—

Retest identified as 2.
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- There was a total of 144 readings.

“e,

i

~.meeting the accuracy and reliability requirements.

" of each stain was used.

- was made to minimZize the volume used.

‘The age of the stain was not to exceed four weeks. The date at which each of
the unknown stains was deposited is also shown in Table 1. - The age ranged
-from two to four weeks with seven of the stains being four weeks old.

Of this total, there was only one that
was miscalled.

‘month old. Four other variants were quest;.oned and on retesting were typed

It was an unusual variant of ADA in a stain approximately one

.correctly. The ADA variant was called a 2-1 whereas it was & 2. During the
development testing this variant had not been encountered. The problem was
-restr:.cted to the development of the ADA reaction and therefore did not affect
-the electrophoretic separation of the constituents of the group. ‘The problem
~was easily corrected by reducing the pH of the reaction buffer to 7.0 thereby

-allowing the reaction to proceed at its optimum,

. fhe tests have demonstrated very conclusively that the system is capable of

3.3 Sample Volume R C ‘> " f“.ﬁi. .

The stains were prepéred by pipetting 50 ul of blood onto clean cotton cloth. |
By comparing the area of stain used with the total area, an estimate of the
yolume of sample tsed can be made. This was done and an average of 5-1/2 ul
In the cases where a retest was made, approximately
10 p? were used. This is well below the allowed volume. e particular effort
Our development work indicates the limit
~of sensitivity iﬁ;g("éignificantly less than our average use for these tests.

-

3.6 Degree of Individualization ; -

Based on the discrimination factors ava:.lable for our selected const:.tuents,
W:Lth:.n
-the constraints of the Statement of Work which allows only three set-ups,

we have achieved the required 1 in 200 probability of discrimination.

there is a practical limit to the number of constituents which can be analyzed
for. We have selected the constituents carefully and belig:\ié we, have achieved

* the greatest discrimination practical for the general population.

{7
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3.5 Rapidity

The analyses of the eight constltuents are handled in three ‘set~ups.. A time
log was made for each of the set-ups.
For group two, forth-three minutes, and group three, 98 minutes. A total of
‘=three and a half hours were required during which a total of 12 stains were
-identified.

_than the allowed five manhours.

It is obvious that the average time per stain is greatly less

The total elapsed time was slightly less than 24 hours. It is possible to
--gomplete the analyses in 16 hours but in practice it may be more convenient '
to take 26 hours. This would permit an overnight run that allows efficient
" use of hardware and technician time. | ' '
'1ar1tv of Readmo

36

“The test samples represented a broad coverage of the wvariants of the system
As dis-

seussed previously in the section on Accuracy, t:hls led to an erroneous call.

.constituents. In fact, one sample contained a rare variant of ADA.
- It was concurred by the Aerospace Corporatlon observer that the clar:.ty 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

With the correction of ADA, it can be concluded that the system meets the

requirement for clarity of reading in providing unambiguous phenotypes.

3.7 Cost Per Analysis

s -

:,';Detailed hardware costs have been presented to the Aerospace Corporation.

 The total capital costs for the recommended system is approximately $2,000. .
- This is only a fraction of the 86,000 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 amalysis will vary
* with the numbexr of samples processed over the life of the equipment, Assuning
.a five year life, only one sample a week need be processed to keep the average

cost under $25.00. . : .

L )
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For group one, 65 minutes were recorded. -
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1.0 OBJECTIVE

- Prior to éresenting the Bloodstain Analysis system to selected crime labora-

tories for field trials, it must be demonstrated that the system satisfies
the criteria of the Statement of Work. It is the objective of the Feasibility

Tests to verify that these criteria have been met.- For convenience, the

'crlterla from the S.0.W. are listed here. The plan provides details as to

how each critérium is addressed and how specific tests will be performed.

¢ Accuracy and Reliability
BAccurately identify the constituents irn a minimum of 90% of the

- gmmknown stains,

e Sample Volume

. . Perform the complete analysis on-a stain equxvalent to 50 pl of

l-fresh blood using no more than half the sample..

¢ Degree of Indxv1duallzat10n

The system shall provide a probability of discriminéting one person

. in 200. | ” '
@ Rapidity
"Xz shall not require more than five manhours in a 24-hour period

o identify the constituents of one stain.

. e GClarity of Reading T

The reading of the stains shall be unambiguous,

~

‘@ Costs

It shall not cost more than $25.00 to analyze one stain.

DTP-2700-801 - ik L
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5£dr staining. A single stained spot containing 50 ul of whole blood will con-

- gtitute one sample. The stain will be deposited and allowed te¢ air dry at "I:

“Aerospace shall retain in a frozen form portibds of the test samples as serum

. ‘The percent of the stains accurately identified will then be calculated. A

+ vy o - e - —— ..
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2.0 TEST SAMPLES T S | E:_H

Beckman Instruments will supply clean cotton cloth to the Aerospace Corporation I: \

:ambient temperature in a clean laboratory environment. The stained cloth shall

‘be protected from contamination.

=

and hemolysate. These samples ﬁay be analyzed in the event of a difference
‘between the feasibility test results and the referee coded results. Approx-

-dmately 18 samples shall be presented for test after aging a maximum of Ffour

L . -

-weeks.,

‘Prior to the Feasibility Tests, a comparative analysis will be made on sampleéw

by the referee laboratory and'Beckman. There should be approximately 14 such

"~ gamples tested. R S -
3.0 - ASSESSING PERFORMANCE _ I _“'j j";,' . : E:

. 3.1 Accuracy and Reliability - i
"The variants present in each constituent which is a part of the analysis system Et

'will be identified and logged under the code number for each stain analyzed.
‘A comparison of the test results ﬁill then be made against the referee resuits
"of record as provided by Aeroséaéé personnel at completion of the test. ‘The
stain shall be judged to be identified correctly if the test results agree
with the Leferee resultq.

- - o

mistrial shall not be part of the percent accuracy calculation.

L4

3.2 Saggle Volume | .

~~~~~

area of cloth which ‘should contain Lne equivalent of 25 pl of whole blood.

b w3
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3.3 Decree of Individuélization

" "%he index of discrimination for each of the constituents of the Bloodstain

“Analysis system shall be obtained from published data from a source acceptable

Based on the demonstrated capability to identify a

atb Beckman and Aerospace.
dualizatioﬁ shall be calculated.

constituent, the éumulative degree of indivi

¥

3.4 Rapidity

It is planned to have one individual perfofm the analysis and identification

-of all of the test stains.
on" time to analyze one stain can be measured.
the coded stains are available to the laboratory technician so that work

A time log will be made so that the total *hands-

The time shall accumulate

‘when
~directly associated with the analysis can begin. The time required by the

. technician to perform each task will be noted. Intervals of time for electro~

~phoresis, incubation, or other steps which do not require technician partic-

“ipation shall not be included.
-yntil the last of the system constituents have been identified

The total time from beginning the analyses
shall be noted.

3.5 Costs . . "

“The costs of reagents and supplies will be determined £rom prices of recent

The cost of analysis per stain shall be calculated on the

procurements.
The cost of the hardware

proportionate cost of the amounts of materials used.
involved in making the electrophoretic separation shall 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 gxotic lighting or optical aids will be used in the phenotyping.

Proof of the ciarity of readings will be in meeting the accuracy requirements.

-
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4,0 METHODOLOGY : e s
Aal Test Set-Up a

nge procedure for the analysis of each constituent is inmcluded in aﬁ attach-

ment to this plan. The procedures shall be foliowed, as written, in iden-

5.0  PHENOTYPING

:rhenotyping shall be done by the laboratorian performing the ahalyses. The
-phenotyping readings shall be recorded by an observer from Beckman Instruments
and witnessed by an Aerospace representative. ' ' ‘
.-In the event a phenotype cannot be interpreted, the validity of the test shall
~be questioned. This will be doné in accordance with the following section

- titled Mistrial. | - |

6.0  MISTRIAL

A sample whose constituents are known shall be used as a‘bfandard:. One or

more standards may be used with each gel plate. Jf the standard sample does
not 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 in each will be iden-
gified. There will then be a total of 144 readings. As this is a qualitative
meas?rement, there are no averages or standard deviéticns calculable. Tﬁe
 requirement to accuratgly identify 90% of the stains meaﬁé that one would be
fcorrect 90 :?mes out of 100. ' It does not .necessarily follow that one is wrong
the other 10 times. It may be that no answer is given in those instances
For the feasibility tests, we will calculate the percentage based on the ;ctal
‘numbexr of readi?gs correct to the total number made (144). ‘
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-3.0 METHODOLOGIES
‘3 1 General

' The followxng notes apply to all three groups.

e Buffers. All chemicéis used in bﬁffer making should be of very

pure grade. The weights given in- the méthodblogy sheets should
-always be checked against the molarities which are also given. ‘
"The pH of any buffer should be carefully checked before use.,

All buffer; are best stored in the refrigerator.. Approximately
" 800 ml of buffer are required to fill a tank to the upper line.
‘The tank buffer should only be used for five electrophoretic

-

separations and then discarded. The reactlon buffers are best
made only in small quantltles and care should be taken to clean

the containers before re-use.

.. Bridges. Sponge bridges are.used although some manufacturers do
employ softeners and fungicides which can cause problems during
electrOphore81s. Therefore all bridges should be carefully

1Is, hcwever, problems o

continue then three or four thlcknesses of Whatman 3MM can be .

used . All bridges should be cut to the exact‘wmdth of the . 31;

electrOPnoretlc plate and held in contact‘w1th the gel by méans

W ‘. ."

. .
- . . . o - . - .‘-. -,

@ Reducing Agents. All redu01ng agents should be prepared fresh

- weekly and stored while not in use in a refrigerator.

Haemolysates are prepared by washing whole red cells three

-times with saline and lysed. They are best stared in the pres-

-
.
.~ -

© Electrophoresis, The meters on some power supplles are not

very accurate so the vxltage between the brldges are best
checked by using a wol¢meter, The times given for electro-
phoresis should be strictly adhered to or elge there will be

overlap of one enzyme with another,

of a second glass plate which is placed on top. coT s '5L5‘¢“;5

.ence of reduclng agents, : : . T
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e Staining. When using paper overlays care should be taken here
to avoid excess reaction mixture which will cause diffusion of
the enzyme bands. When Qsing agar overlays, the 27 agar is

_First boiled and the constituents are mixed together with the
reacﬁion buffer. The agar is cooled in runmning water to approx-

. 4mately 55°C, mixed with the reaction mixture and immediately

‘poured over the surface of the gel.

3,2 Group I - L i =

The gel is prepared by weighing the agarose and hydrolyzed starch and boiling
*untii all the agarose has dissolved., The gel igipogred-infg the gel mold,

which should be on a level sufface, and immediatéiy‘scraped using the plastic

-t v,

- ] .

scraﬁer so as to produce an even 1-mm-thicg gel.. - T .
‘One-ma~thick strips of étain, 1cm ibﬁg,‘are.removed ana soaked‘%ﬁ a m{niﬁnm
-~ of reducing agent. Slots are cut in the gel using_the metal sloﬁr@akerﬁ._‘
- After electrophoresis, Esterase D is developed firét;;'ﬁaré §hdu1d %egtak;h :
not to use too much acetone to dissolve the Methyl ﬁmbelliferyi Acetate; tyis
Lwill prdduce a large amount of éaékground fluorescence. " After 1eavin§ the .
fiélate at room temperature for fivé‘minutes, the Esterasé b_banding caﬁ be read
‘:under UV.light. The position of the Esteraée‘D.2 bgﬁd should'be‘mé;ked'as
this will discern the dividing line between thé GL? itaquthg PbM re;étion

. .« . A P b ITI

LY

mixtures, _ . C e e G Tmaen ot R T

The 2.5% Methyl Glyoxal is prepared by adding 1.25 ml of 40% Methyl Glyoxal
to 20 ml of distilled water andfadjusting to pH 7 with a 1%hsblutioq‘of
- sodium hydroxide. The iodine solution is prepared by digsolviﬁg the potassium
jodide and the iodine in 5 ml of distilled water. The solution is allowed to
~stand for 24 hours and then added to the remaining 25 mf of distiiled water
- filtered and stored in a dark amber bottle. To visualize 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.

. ' A-19
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. 3After electrophotesis it will be notéd that'the cathbdié

~Whatman BMﬁ paper. EAP is developed in an area 1 ¢

"Pe‘blgt§gd.§efore coveriﬁg the area with

. 3-4 Gro.uD III -‘ »:i-r . .\. ‘. S - -t ;:."‘ o T

'that is found in varying amounts in stains un

. ‘the constituents in the buffer
A 3

R )

i
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‘The gel 1s prepared by adding hydrolized starch to the gelybuffer, bringing

 :0 t?e boil by heating in a 250 ml Erl&meyer flask. (the: the flask should
-be kept moving in the flame to avoid bﬁrﬁing of the gel!) When boiline th;
.gel is degassed using a vacuum pump drawing approximately 15 psi pfessc’
then poured into the gel mold,

B et B

ure and
| The starch solution isvimmediapely léveled to
-2 1 mm gel by using the gel scraper, . care being taken to insure that the mold
ds on a level surface before pouring. .

. . ‘ : thick strips, 1 em long from the stain
-and soaking with the minimum amount of reducing agent ‘

Stains are prepared by cutting l-mm;

» Application slots are
cut int the gel using the metal slot makers. !
lysates to the gel should b '
_ e kept as narrow as possible
so a
isozyme banding. - .. e > Pr?duce §harP

‘The applicagion of stains or
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bgrtion of the gel is .

.vc ov '. * > N *
ered with condensation droplets, These should be removed by blotting with

m cathodic of the drigin

t - N o -
o 7 cm anodic of the origin. ADA is developed anodic to'the‘EAP area

‘ | Care
he A?A reaction mixture to strong light. After
ded the cathodic half of the ge

.should be taken not to expose t

the EAP results have been recor 1 'shoul
. ‘ ‘should again

I

-
e~ .-

AK reaction mixture,

o R : . ..
. v ‘e N o -
- - * N * : b

can be ph : - . th proteins =
phenotyped using the acrylamide gel, However, the degradation product g

fortunately migrates amongst the

: , Pretation. Therefore, all i »
J | . ; - T stains mus TR
phgnotyped for Gc using the agarose gel, ] : i ‘t ” ; i:

Ge band§ and can lead to misinter

Y- . .

.
- “‘

. .
.

¢ Acrvlamide, The acrylamide gel is

Prepared by dissolving all

degassing and pouring into the

gel mold. A clean glass plate 3

>

s carefully ovérlaid, excluding

- - . A-20 - l’
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..for each application.

® TImmunofixation-Acarose.
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~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 zefrigerator. when’the'gel is ready for use
“the top. plate 1s removed by carefully inserting a razor
-blade betneen the two plates and gently leveriag the upper
plate from the oef o '

Agarose. This is prepared by dissolving the agérose in gel
‘buffer by boiling and pouring the hot solutiom 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 size given (i.e., 3 x

3 mm) is recommended when using cotton cloth as the suﬁétrate.

The amount of buffer required again will be decided by

- -@xperience but each gelvuses approximately 1Q mm of extract

It is important, however, to obtaln

~;very clear extracts or background smearing om the gels will

:.xesult, Longer centrifugation can be used if necessary.

"o éPélication. The two-sided metal slot mzkers are used for
... -making the application slots

» - For serum samples the anodic
. s8lit only is used.

blue as the marker. For stains a 1.5 mn wide plug of gel is -

removed and the stain “extract carefully pipetted 1nto the
‘'well. It is preferable to start both gels af the same time
removing the agarose after two hours and allowxng the acry-

lamide to continue for a further two hours.

After two hours the albumen as i
moted by the position of the tagged bromophenol blue has
traveled approximately 10 em and the hemoglabin about 4.0 cm.
. The cellulose acetate membrane overlay containing the diluted
anti-serum should not be too dry and is placed on'the gel

approximately 5.5 cm from the orlgln and ccverlng the whole

One serum, sample should contain bromophenol
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width of the agarose,

.

It is allowed to iﬁcubate for two

‘hours at room temperature in a moist atmosphere,

¢ Immunofiration-Acrvlamide. After electrophoresis the gel

- -is divided just ahead of the hemoglobin 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 4s overlaid

~on the remaining portion of the gel at the dividing line.

This is allowed to incubate at room temperature for two hours

-®  Staining.

~(or overnight if this is more convenient),

The haptoglobin is stained immediately after

" electrophoresis using the orthotolidine mixture. If the

;resul;s are too weak the percentage of peroxide should be

- increased.

‘the peroxide content should be reduced,

If, however, there is bubbling within rhe gel

-~

-

. The agarose is reduced to a very thin film by‘overlaying the

gel with Wet Whatman 1 paper and several thicknesses of

blottlng paper and applying approximately 5 kilograms weight

| .. for 30 minutes. The gel is then washed overnight in a 1

molar saline solutionm, repressed for 30 minutes and dried

in an oven at approximately 75°C for 15 minutes, The Ge

bands can then be visualized by staxnlng in Coomassie blue

~for five minutes and destained. in’ the hisher methanol de-

.stain solution.

-

Coomassie blue stain for 30 seconds.

out using the lower methanol destain solution.

A-22
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The bands are visualized by immersing in

T €1

1.

1.1 7

‘If immunofixation has been carried out on the acrylamide no pressing and very
- little washing is required,

(Any longer and the acrylamide gel will

take up the stain which is very difficult to remove ) Destaining is carried

.
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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 tests with

--aged bloodstains from glass slides and cotton cloth. These stains were
méde gnder controlled conditions to provide reproducible test conditioms.
The crime laboratory demonstration tests were conducted to obtain_an'
dndependent appraisal of the éyétem‘sjcapabilities.to percform in the

" _actual environment of the criminalistic laboratory. The ability of the
‘rsystem to'cope.with various types of bloodstains deposited on, or ab~

)sorbed by, various materials was determined,by these tests. The par-

ticipation of the crime laboratories also served to show how effectively

this technology could be transferred to trained serologists;
‘The demonstration test period lasted approximately three months. In the
beginniﬂg, personnel from four participating laboratories completed a two-

week trainiﬁg program conducted in Beckman laboratories.

“The laboratories represented were selected by The Aerospace Corporation.
Participating personnel were from the Georgia Bureau of Investigation,

the Los Angeles County Sheriff's Office,kthe Minnesota State Police, and

the New Jersey State Police. L

Subsequent to the training program, the system hardware was shipped to
the various participating crime laboratories. Each individual received
the same hardware on which he had béen trained. After thé,system hard-
wére had been received and put into operation at the crime laboratories,
blind trial samgleg were ‘given out to permit checking the accuracy of ‘

i)

analysis at each laboratory.

Results of these tests, and reports from the serologists, permitted an
evaluation of the overall utility of the Bloodstain Analysis System under
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-actual field conditions.
- -gented .In this report.
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The detailed results of this effort are pfe-
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 completing each group five times.

2.0 TRAINING PROGRAM

A Tepresentative serologist from each of the four evalnating crime labora-

-tories, plus observers from both the FBI laboratory and The Aerospace

Corporatlon, began a training course at the Beckman 1abordtories on

January 30, 1978. The course was ‘conducted by Brian Wraxall with the

-assistance of Gary Harmor, a
The two-week course followed thé schedule exactly with each serologist
For the last three attempts at each

nd followed the schedule outlined in Table I.

group, blind saﬁples conSisting of bloodstains of varying ages were
analyzed. Although some serologists had some problems in 1nterpretation
of phenotypes with which they were unfamiliar, by the end of the training

‘course very 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

Each serologist assembled the equipment in his own labora-
Some serologists were

laboratorieé.
“tory and established a routine system very quickly.
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’

Jni 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; reducing agent being too strong, and GLO I

reaction being weak. These difficulties were easily resolved, and within

a few weeks all the~serologi§ts had their complete systems working routinely.

- -
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- ABLE I. TRAINING SCHEDULE (January 30 to February 10} { ;
R . » . ‘ ‘ t Aty vy r - - . - o . .
Ist Week i § ) - e e .
‘Monday: . Welcome and Introduction. . .« =« Jean Bordeaux . : g ; i
' Introduction to Multisystem Analysis = . . . 1 “3.0 " BLIND TRIAL
_ .. and Aims of the Course . . -. - Brian Wraxall g ‘
". Laboratory Inspection and Equipment ’ ’ o : ;Four weeks after the completion of the trai '
‘Setup . e T i progran wa 5 . aining course, the blind trial
Group I Demonstration . B was started. This consisted of sending a batch of six blood-
Tuesday: Group T (1) ] : - o k tains of varying ages to each serologist for phenotyping in all eight
Group II Demonstration = : ; ) : ? - .genetic markers. Five such batches of stains were sent out over a
. : ° . ' ) ’ two~ . . X
Wednesday: Group I (2) + Stains .. -~ - | wo-month period. When the analysis was completed, the results were
: Group II (1) . { returned to Beckman for checkin Tw e )
; . ty~— 3
Group III Demonstration - e tentvn & enty-four out of a possible
| O y-seven common phenotypes of the eight genetic markers were used
“Thursday:  Group IIT (1) i in the.trials. 4
Group II (2) + Stains § .
-] - Friday: Group III (2) + Stains ; :
Lab Cleanup '3
‘Buffer Replacement ; -
Summary and Question Session . ;
|
|
2nd Week LD
Monday: Group I (3) ' f
Croup II (3) .
Group I Interpretation % .
“Tuesday: Group III (3) Y ) : )
N Croup II (4)
Group II Interpretation
Wednesday: Group I (4)
Group IIT (4) A
Group III Interpretation b
Thursday: Group I (5) :
Group III -(5)
Group II (5) .
' b Ty
Friday: Options on Groups I and III
Dismantle Equipment
Summary and Conclusion
- % . ° -
FR-2700-1Q1 o L B-5 FR-2700-101 - 3_5
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4.0 RESULTS

The results obtained from the blind trials-are summarized in ?able 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 Ge, and from the photograph of the result,

4t was obvious that the phenotype of that particular sample should not

have been called.

It can be seen from the results that there is an in-

_crease in the number of pos%pive readings given with each successive

trial, and as each analyst acquires more confidence from completing

-more tests, so the quality of the results increases.

Tt 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

samples were not always analyzed at the same time——hence the difference

in age of the stains from laboratory-to-laboratory.

This is most no-

ticeable in laborétory D where some éta%ns are very old, which would

i i . i i s.
account for the high number of questioned and no actiwvity result

It should also be noted that due to excessive casework, laboratory A

ds routinely testing only for Groups I and II:

FR-2700-101
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5.0  CASEWORK o . ‘[_fy;

-‘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 that these methodologies can be used successfully on
ase material in the crime laboratory. Three of the four evaluatlng
laboratories have routinely been u31ng all three groups (i.e., elght

The fourth

cléboratory is using routinely and feportimg the results of Groups I and

'genetic markers) on case material and reporting the results.
IT (i.e., six genetic markers) In the process of evaluation, many dif-
These included“

cotton, silk, v1nyl, nylon, polyester,

" ferent materials contalnlng bloodutalns were encountered

-the following fabrics: wool,

. -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 coul&ISéecifically be

All four iabora—
tories have replaced their old methodologies with the new because they are

-attributed to the material containing the bloodstains.

achieving not only better results from the markers that they normally ex~

amine, but more information from the same amount of bloodstain in the same

~amount of time.

The following examples areffrom actual cases examined using the new
methéds. The laboratories are not identified for obv1ous reasons, but

there is one example from each laboratory.

5.1 Laboratory.1l

A homicide occurred eaflief in the year. WVictim and suspect blood samples
were taken an& were submitted to the laboratory together with blood from
the scene (swabbed by a piece of wetted cotton cloth) and a bloodstained

knife. The blood samples were refrigerated and the stains stored at room -

.

o o . N PR i > ———— . avemianr b a [T
L T - e can ol

!-q. M

~—

~ e

PR

.
L testewt . Rowowes®

ISR ¢ e

-—




T0T-00£z~44

e

Iy,

i U 5 o S 0 D ® ®
’/;{)1 .
1] \ "
. TABLE II. CRINE LABORATORY DEMONSTRATION = BLIND TRIALS
Crime 1 Blind No. of No. of In- . Quest~ No | Age of
Laboratory Trial Stains Readings Correct: correct tioned Activity Stains
1st 6 48 32 . - 13 3 " 3-5 wks
2nd 6 36 31 - 1 4 1-4 wks
A . 3rd 6 36 36 = - - 4~-6 wks
4th 6 36 36 - - - 4-5 wks ,
5th _6 36 _36 il - - 47 wks . /
Total 30 192% 171 14 7 ‘
1st 6 48 37 - 2 9 3~5 wks
. 2nd 6 48 48 - - - 1~4 wks
B 3rd 6 48 46 - 2 - 2-4 wks
4th 6 " 48 48 - - - 3-4 wks
5th .6 48 48 - el = 3~-6 wks
. Total 30 240 227 - % 9 %
1st 6 . 48 48 . - - - 3-5 wks
2nd 6 48 48 - - - 1-4 wks
c . 3rd 6 48 - 48 - - - 3-5 wks
4th 6 48 48 - - - 3-4 wks . f
5th . _6 _48 _48 = - = b=7 wks A
Total 30 240° 240 ’ ‘ ;
st * 6 48 36 — 4 8 6-8wks [ . .7
2nd 6 48 37 S 7 3 2-5 wks | -
D S3xd . 6 48 33 - 4 <11 4-6 wks
' 4th ,’al\xG 48 45 - 3 ~ 4-5 wks
5th -8 S48 f 47 e L ol 3-6 wks
Total 30 240 198" 1 19 22

i s
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‘temperature for 2-1/2 months. After this time, the case was examined and
the following results obtained:

. Sample Age of
Sample | GLO I | EsD | PGM [ ADA | EAP | ax | ¢e Hp

Stain from floor | 12 wks - - 2 1 B 1} 1 2-1

Stain on knife |12 wks - -{2f{1(8 11| 1]21

* Vietim's blood 12 wks [incon- 1 2 |1 B 11 11 2-1
. clusive . ‘ ? .

Suspect's blood |12 wks | ‘1 1] 1| 1] Ba] 121 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 thanm 4 weeks.

5.2 Laboratory 2 B

-A case of auto theft occurred where the perpetrator ble& in the automobile.
A suspect was apprehended and a sample of his blood, his bloodstained
<¢lothing, and the bloodstain from the truck submitted to the laboratory.

The follow1ng results were obtained.

Age of :
Sample Sample |GLO I | EsD|PGM| ADA |EAP | AK Ge | Hp
Suspect’s blood | Unknown 2 1 j2-1]2-1] B 1
Blue Jeans Unknown 2 1 |2-1}|2-1}'B 1
Stain from truck| Unknown 2 1 }2-1{2-1}'B 1

[

It can be seen that the bloodstains match the suspect's blood. The frequency
of occurrence in a general populatlon of thls combination of blood groups is

1 person in 14,000 (0. 0069%). Thls laboratory, prior to the tralning course,
was phenotyping bloodstains for EsD, PGM, and EAP. TIf only these genetic

mirkers had been examined in this case, the frequency of occurrence would

FR~2700-101 : .
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‘have been 1 person in 10 (10. 367%). Obviously the new methodologies are
“.able to provide a substantial increase in the evidential value of the

serological results.

' . . ¢ e PO T S e s
.

5.3 .Laboratory 3 “ : o e

“A man 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 clothing 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 T 2-1 1 B 1
Son's blood Unknown 1 1 2-1 1 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- . A
side trailer #1 Unknown 1 1 2-1 I B 1
Stain from in- . L
side trailer #2 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, was grouping bloodstains

-only for the ABO and the PGM system, In this case, all three persons were

the same ABO group (type A) and the owner and his son could not be differ-
entiated 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

people involved. The blood grouping results helped to substantiate the
victims' stories and disprove the story of the suspect.

.

FR~2700-101 B-11
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Thi.t; cas;a‘ concerns the assault,' battery, and rape of a woman. J'l‘fao gus- . v L.
rpects were arrested, both of whom had a very small bloodstain on their own [~.l 1
-pants. The blood samples from the victim and the two suspects were analyzed " o
for Groups I, II, and III. There wés only sui;'ficient blocdstain for one I_ _]
‘test, so only one group could be used. The best differentiation .was in )
Group II as follows: | | o B | ., o [- ‘} | new methodologies, having phenotyped old and very small bloodstains

have the capability of differentiation, individualizatlon, and optir:xi..
~zatlon of serological evidence.

: : 6.0 Conclusions

‘The results obtained in these case examples sﬁc;w conclusively that these

3

«

.Sample Samplg ADA . EAP | AR

4

CVictim's blood - | 6 weeks 1. | B 2-1 . {*. ~B

#1 Suspect's blood 6 weeks 1 B | 1 f

#2 Suspect's blood 6 weeks 1 . BA 2-1 : ;

Pants from suspect ‘ 1 | N

_#l 6 weeks 1 B 2-1 : e

Pants from suspect . )

#2 6 weeks 1 BA 2-1

L1 |
It can be seen that the bloodstain on the pants from suspect #1 matches o o : o S
the victim, while the stain from the bants of suspect #2 is similar to‘ e [ .g { . ‘ _ - S ‘ o
.his own blood. Prior to the training course, this laboratory wac.not I
phenotyping for AK or ADA, and therefore it would not have been pohssible [_“ 'g {t - )
to differentiate in all three genetic markers on such a small bloodstain. |
1
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<DESCRIPTION OF METHODOLOGY
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METHODOLOGY (Sheet 1A)

SYSTEM: Group I--GLO I/EsD/PGM

~TANK_BUFFER:

6.0 g NaOH (0.15 M)

GEL BUFFER:

pH 7.4

TYPE STRENGTH

<

APPLICATION: Lysate

2 drops neat lysate
1 drop 0.05 M Cleland's
~ Reagent (Dithiothretol)
Allow to mix. One cotton
thread insert, size 8

CONTROLS: ~ GLOTI 2-1
- EsD 2-1
TPGM ¢ 2-1

TEMPERATURE
AND.COMDITIONS:  temperature

VOLTAGE PLUS

TIME: 300 V (15 V/cm) 3.5 hours
FR-2700-101 o c-2

12.11 g Trizma Base (0.1 M)
- 11.62 g Maleic acid (0.1 M)
pH 7.4 2.92 g EDTA free acid (0.01 M)
2.03 g Mg Cly-6H0 (0.01 M)

1:15 dilution-of tank buffer

0.5 g 1.0 g
0.4 g agarose 0.8 g starch

400 Vv (20 V/cﬁ) 2.5 hours
3.5

"1 liter distilled H,0

30-ml tank buffér plus
420 wl distilled HZO

1 mm thin gel, 17 Agarose, Sigma Type I, i% Hydrolyzed
. AND_VOLUME: Starch : : .
" 20 cu x 20 cm 50 ml buffer

20 em x 15 em 40 ml buffer
~20 cm x 10 em 20 ml buffer

d
agarose starch

agarose starch

Stain
Soak with Cleland's

Reagent (0.05 M)
(7.7 mg/ml) for 10 min

Origin
3 cm from cathode

Cn cooling plate at 5°C with tank buffer at room

~™ ™M M
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REACTION

' BUFFERS:

- REACTION
MIXTURES:

(for 20 x 15
~cm plate)

' METHODOLOGY (Sheet 1B) | -

EsD . 0.4l g Sodium acetate anhyd (0.05 M) 100 ml H,0

" Adjust to pH 6.5 with 1% acetic acid

PGM 1.2 gTrizma Base (0.1 M) ~© .00 ml K0
- 0.40 g Mg Clp-6H20 ‘ .

Adjust to pH 8.0 with 1:1 HCL '~ -pH 8.0

g NaHy PO,, adhyd (0.2 )

A 100 ml H,0
g NagH PO4, anhyd (0.11 M) ‘

-GLO T
VPH 6.2

Iodine solution: 1.65 g KI Dissolve in warm H,0
: 2.5 Iz Stir for 5 min and
- ) - filter
"30 ml Ho0 Store in stoppered
dark bottle at 4°C

EsD 4 mg MU acetate dissolved in a small amount of acetone
{approximately 300 ul) and made up to 10 ml with re-
action buffer. Soak onto Whatman 3MM paper 10 cm wide
PGM 10 g 2% agar at 55°C N -
35 mg Glucose-l-phosphate + 1% G-1-6 Py
2.0 mg NADP, sodium salt
5 jil G6PD (1.7 iu/plate)
2,5 mg MIT '
2.5 mg PMS
. 10 ml PGM reaction buffer

GLO I 12 mg reduced glutathione
a 50 pul 40% Methyl glyoxal
¢ .10 ml GLO I reaction buffer
Soak onto Whatman 3MM paper

. 0.5 g Agarose Sigma Type I-
‘0.2 ml Todine 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.

2.
- v '_30
”
FR-2700-101

Divide gel at EsD 2 band position with plastic strip. .
Cover anodic portion of gel with 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). 1Incubate at 37°C

for. further 1/2 hour if necessary. o :

For 20 x 20 «nm plate, multiply ‘the amounts in PGM reaction
mixture by 1.5. : - :
c-3

.
| : METHODOLOGY (Sheet 2A) -
; SYSTEM: Group II ADA/EAP/AK : ) 5
| ; f -
| ' TANK BUFFER: 41.2 g NagHPO, anhy (0.29 M) :
| 19. :
i;£‘; oE 5.5 9.21 g Citric acid anhy " (0.1 n), 1 iiter Qistilled H,0
j .
§ - “GEL BUFFER: 0.405 g NaZHPO4 (0.0057 M) - o
| 0.24 g Citri i
| oE 5.5 g ‘ ric acid (0.0025 M) . 500 ml1 HZO
'§\ g R S .
‘? ) . . ) .
| "IYPE STRENGTH 1 mm thin gel, 10% (W ’ [ s
i L STRENGTH n gel, 1 w/v) Hydrolyzed Starch
§ . GEL: 20 cm x 20 em 50 ml buffer 5 g starch
ﬂj~ .20 cm X 15 em 40 ml buffer & g starch
| 29 cm x 10 em 20 wl buffer 2 g starch
% ‘ T . , e —
g © APPLICATION: Lysate e S
#ﬁ i Z drops neat lysate S "
@ 1-drop mercaptoethanol diluted 1:250 with HoO
Allow to mix. One cotton thread insert, size 8§
Stain |
) . Séak with 1:500 dilution of mercaptoethanol for 10 minﬁtes
- Origin’ - o | |
6 cm from cathode
;?3 CONTROLS ¢ ADA 2-1 EAP BA & CB AK‘ 2-1
! TEMPERATURE o
gg AND CONDITIONS: On cooling plate at 5°C with tank buffer at room
; temperature :
i) ,
!
i VOLTAGE PLUS ' ) i
| - Yo 150 v (7.5 V/em) ove?nlght 16 hours
i .
Y y
i
.
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. : * -~METHODOLOGY (Sheet 2B) PO ‘ :
. . - : o _ _ o : | ! : "METHODOLOGY (Sheet 3A)
. 'REACTTON. EAP 0.96 g Citric acid anhyd (0.05 M) . 100 ml H,0  pH 5.0 ' . ,
’ BUFFER: 0.4 g NaOH (0.1 M) - ' . ; . ! b - SYSTEM: Group IIT Ge/Hp ' B Lo
AKX 1.20 g Trizma Base (0.1 M) 100 ml H50 PH 8.0 1 ’/ . TANR BUFFER: 21.8 g Glycinef (0.29 M) 1 lieer distilled H,0
0.4 g MgCly«6H,0 (0.02 M) T ‘ : 4.5 g Trizma Base (0.037 M) - CT
~-Adjust to pH 8.0 with 1:1 HCL _— - . . i _ pH 8.4
- N '3
‘ - o -ADA  0.355 g NaoHPO, anhyd (0.025 M) 100 m1 H,0 pH 7.0 - GEL BUFFER: As for tank buffer:
- ‘ 0.19 g NaHpPOy4 anhyd (0.016 M) : | : )
: _ : | g ‘ PH 8.4
- -REACTION EAP 4 mg MUP in 10 ml reaction buffer | e L o : | = | - o
MIXTURES: (MUP - 4 methylumbelliferyl phosphate) . ' S TYPE STRENGTH Hp 1 mm thin gel 6.5% Acrylamide 20 cm x 10 cm
' ~ ‘Soak on Whatman 3MM paper, 14 cm wide : [ AND VOLUME OF 1.62 g Cyanogum 41 Y A
' : [ GEL: 2 mg Potassium ferricyanide * .. -
~ o ‘ v o S . | - » 25 mg Ammonium persulphate '
.=ADA 10 g 27 agar at 55°C - L 5 e T - 100 1 Dimethyl aminopropionitrile ...
(for 20x15 10 mg Adenosine o S - 25 ml Gel buffer o :
late) 25 1 Xanthine oxidase (0.10 iu/plate) | . ST _
enp 25 ul Nucleoside phosphorylase (0.5 iu/plate) | . o ot - Lo :
2 mg PMS e L o R -Ge - 1% Agarose Sigma Type I . . 220 cm x 10 cm
4 mg MIT ‘ SR ' ! o " 0.4 g Agarose ‘ R .
.10 ml ADA reaction buffer . 0k S 40 ml Gel buffer
- 4K 10 g 2% agar at 55°C T L ) ] . APPLICATION: Serum , ' B .
20 mg Glucose o ; : . . ' -
X | _ 5 mg Adenosine diphosphate | o : S . . Diluted %:2 with Hy0. Add hemoglobin if necessary. Whatman
€ ~ 3 mg NADP sodium salt ' o o s X 1 paper insert.
2.5 mg PMS - B : - . - .
2.5 mg MTIT : C ' o ‘ | Stain o ‘ ‘ ,
10 ul G6PD (3.4 iu/plate) . o , : Cloth approximately 3 x 3 mm + 30 pl distilled water,
o S 10 ul Hexokinase (2.8 iu/plate) ‘ . - -extract 1/2 hour. Add approximately 0.4 ml chloroform,
{ ' 10 ml AK reaction buffer : ‘ i - vortex, and spin for 5 minutes at approximately 9000 g
. Ty
. I . _
T s - Pipet into slot 0.5 x 0.15 cm .
NOTES: 1. Place Whatman paper betweep cathode and 13 cm towards anode .
) 2. Cover remaining anodic portion of gel with ADA reaction mixture ‘ § ) ’ Origin
rs " 3. Incubate at 37°C for 1/2 to 3/4 hour. Cover ADA reaction mixzture iy ' 3 cm from cathode
with black paper. Read EAP and photograph under UV light | @ . , '
4. Cover area 1 cm anodic of origin to cathode with AK reaction mixture z§~ LONTROLS: ' gzmgzgiizxg:eplate at 5°C with tank buffer at room
. 3. Incubate at 37°C for 1/2 hour . _ 5} ' .o |
£ 6. For 20 x 20 cm plate, multiply the amounts in reaction mixtures by . i VOLTAGE Hp 400 V, 15 V/em, 4 hours Final Hb. pésition 6 cm -
| 1.5 < o : o PLUS TIME : , . , 3
4 Gec . 300 V, 15 V/em, 2 hours Final Hb position 4 cm
FR-2700-101 " e-5 ) ; : ;
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--REACTION
MIXTURE:

 'NOTES:  Hp 1.

2.

Ge 1.

2.

3.
4,

6.

8.

FR-2700-101

~METHODOLOGY (Sheet 3B)

‘Hp  0.20 g O-tolidine o L ’,‘ .

4 ml Ethanol Tkt “-ﬁ -3
6 ml Glacial acetic acid :
b 10 ml 0.6% Hzoz

G6e 400 ul of diluted anti-Ge antiserum (diluted 1: 4

W/H 0). Soaked on 9 x 4.5 cm.CAM

~

‘0.1%Z Coomassie Blue R250 in methancl/acetic acid/
HpO (50/10/50)

Stain Hp with reaction mixture from origin Fo‘Hb band
Gc can be stained on the acrylamide

a. CAM soaked in 400 pl diluted antiserum is everlaid
* + from 1 cm ahead of Hb band and incubated overnlght
at room temperature in a moisture box

ﬁ. The gel is washed for 5 minutes in distilled H30,
: stained for 5 seconds in Coomassie Blue, and de-
~stained in methanol/acetic acid/H20 (50/75/875)

Overlay agarose in an area from 1.5 cm in fromt of Hb
band anodicalloy with Gec antiserum on CAM. Incubate
-in moisture cabinet at room temperature for 2 hours»

Press for 30 minutes

Wash plate ovefnight in 1M seline solution .

‘ Rinse in distilled Hzo for 5 minutes

fress for 30 minutes

Dry at 65°C

.Stain Gec in Coosmassie Blue R250

Destain in methanol/acetic/H0 (50/10/50)
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General

METHODOLOGIES

i

The following notes apply to all three groups:

-® Buffers. 'All chemicals used in' buffer making should be of

very pure grade.

The weights given in the methodology sheets

“should always be>checked against the molarities which are

-also given. The pH of any buffer should ke carefully checked

~before use. All buffers are best stored in the refrigerator.

-Approximately 800 ml of buffer are required to fill a tank to

‘the upper line.

The tank buffer should oaly be used for five

-electrophoretic separations in one week and then discarded.

~The reaction buffers are best made only in small quantities

\ and care should be taken to clean the vontalners before re~use.

Py Bridges. Sponge bridges are used although some manufacturers

-do employ softeners and funglcldes which ean cause problems

' !during electrophore31s. Therefore all bridges ‘should be

- - carefully washed in distilled water before use. If, however,

problems continue, then three or four thicknesses of Whatman

-.3MM can be used.

All bridges should be cut to the exact w1dth

" "of the electrophoretlc plate and held in contact with the gel

« by means of a seco1d geass plate which is placed on top.

® Reducing Agents. All reducing agents should be prepared fresh

weekly and stored while not in use in 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 redueing agents,

® Electrophoresis.

I
fi

|
The meters on some power suppliks are not

very accurate so the voltage between the bridges are best

. checked by using a voltmeter. The times given for electro-

phoresis should be Strictlxladhered to or elsé there will be

- FR-2700-101
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;-overlap of one enzyme with another or loss of the enzyme into
the anodic tank, '

® Staining. When using paper overlays, care should be taken to
avoid excess reaction mixture which will cause diffusion of
the enzyme bands. When using dgar overlays, the 27 .agar 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

. dmmediately poured over the surface of the gel.

@ Sample Application. For hemolysates, a cottam thread is

soaked in the lysate and carefully laid in the gel slot. If
the lysate has been over-diluted, then a second thread should
-be applied on top of the flrst.

"For.bloodstains on selid surfaces, either swab 'the area with
a buffer-moistened cotton thread containing the appropriate
reducing agent, or if possible take a small f£lake and add the
minimum amount of reducing agent and when dlssolved,450ak onto
a4 cotton thread. For stains on cloth, either pull l-cm-long
threads or cut thin l-mm-wide slivers.no longer than 1 cm.
Always endeavor to keep the application line mnarrow, and do
not allow the stain to protrude above the surface of the gel.

- Do not make the 'applications smaller than 1 cm~-this will lead
to diffuse bands instead of sharp ones. If the stains are
less than 1-cm long, build up the stain at the application

‘point. Do not use excessive amounts ‘of buffer for moistening
the stain.

Groug I

. : o

The gel is prepared by weighlﬁg the agarose and hydrolyzed starch and
b0111ng until all the agarose has dissolved. The gel is poured into

FR-2700-101 . -9
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Lthe gel mold, which should be on a level surface, and immediately
- -~leveled using the plastic'seraper sc as to produce an. even l-mm—-thick
" gel, o

.«

- One-mm~thick strips of etain, 1 cm long, are removed and socaked in a
minimum of reducing agent for ten minutes. Slots-are cut in the gel
+using the metal slot makers. After electrophoresis, Esterase D is
developed 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

OV light. The position of the Esterase D 2 band should be marked as

- this ﬁill discern the dividing line between the GLO I and the PGM re—

~action mixtures.

The iodine solution is prepared by d{ssolving the potassium iodide and

~the fodine into 30 ml of warm distilled water (65°C). The solution is

allowed to stir fo: 5 minutes and then filtered and stored at 4°C in a
~dark amber stoppered bottle. To visyalize the Glyoxalase I bands, the

1odine solution should bé 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 platé to ensure fast gelling of the agarose.)

Group IY T

The gel is prepared by adding hydrolized starch to the' gel buffer,
bringing to the boil by heating in a 250-ml Erlynmeyer flask. (Note:
‘the flask should be kept moving in the flame to avoid burning of the
.gel.) Vhen b0111ng, the gel is degassed using a vacuum pump drawing
- approximately 15 psi pressure and then poured into the gel mold. The
starch solution is immediately leveled to a l-mm gel by using the gel

scraper. Care should be taken to ensure that the mold is on a level

surfaee before pouring. .

FR-2700-101 C-10
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. Stains are prepared by cutting l-mm-thick strips, 1 em long from the

. gtain and soaking with the minimum amount of reducing agent. Applica-

tion slots are cut into the gel using the metal slot'makeré. The appli-

cation of stains or lysates to éhe gel should be kept ag narrow as

possible so as to produce sharp isozyme @anding.

“After electrophofesis'it will be noted th;t fhe cathodic portion of the

‘gel is covered with condensation droplets. These should bg.removed by
blotting with Whatman 3MM paper. EAP is developed in an area from the
cathodic bridge to 7-cm anodic of the origin. ADA is developed anodic
. to thé EAP area. Care should be taken not to expose the ADA reaction
aﬁixturevto strong visable or UVilight. After the FAP results have been
recorded, the'éathodic half of the gel should again be blotted before

covering the area with AKX reaction mixture.
Group III o . "
"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 screening of serum,
both proteins can be phenotyped using the acrylamide gel. However, the
~degradation product that is found in varying amounts in stains unfor-
‘tunately - migrates amongst the Gec bands aud can lead to misinterpretation.

‘Therefore, all stains must be phenotyped for Gc using the agarose gel.

® Acrylamide. The acrylamide gel is prepared by dissolving all
the constitueﬁtsvin the buffer, degassing and pouring into the
gel mold. A clean glass plate is careﬁully overlaid, excluding
all the air and the gel allowed to pblymerize for 30 to 45
-minutes. Several gels may be made at the same time and then
stored in the refrigerator. (This will facilitate top plate
removal.) When the gel is ready for use, the top plate is
removed by carefuiiy insertiﬁg a razor blade between thé two
plétes and gently levering the upper plate from the gel.
Occasionally the éel will stick toréhe top plate; this is H

still usayle as long as the gel is in onme piece,.

FR-2700-101 ' c-11
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@ Agarose. This is prepared by dissolving the agarose in gel
'* - puffer by boiling and pouring the hot solution onto a plain
+ .. glass plate on a level surface and allowing to solidify.

wb: Extraction. The amount of étain required'fo ogtain resuylts
-will be ‘decided by experience,‘bﬁt the size éiven (i.e., 3 x
3 mm) is recommended when using cotton cloth as the substrate,
"ihe amount of buffer required again will be decided by expér-
dence, but each gel uses approximately 10 uf 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.

" .0 Application. The two-sided metal slot makers are used for

making the application slots. TFor serum samples the anodic

'..81it only is used. For stains, a l.5-mm-wide plug of gel is

removed and the stain extract carefully pipetied into the well.
.- ‘It 1s preferable to start both gels at the same time, removing
" . the agarosé after the hemoglobin has migrated 4 cm (~2 hours),
-and allowing the acrylamide to continue for a further two

. ‘hours (Hb 6 cm).

e Immunofixation-Agarose. The cellulose acetate membrane over-

.lay containing the diluted antiserum should mot be too dry and
is placed on the gel approximately 5.5 cm from the origin and’
covering the whole width of the aga;oée. It is allowed to

- ~incubate for two hours at room temperature in a moist

-

atmosphere.

¢ JTmmunofixation-Acrylamide. , After eleétrophoresis, the gel is

-divided just aliead of the hemogiobin band (which has moved
approximately 6 ecm) and the cathodic portiom of the gel re-
moved into a staining dish. If required, a cellulose
acetate ma@braﬁe soaked in diluted antiserum is overlaid on

the remaini%guportion of the gel at the dividing line. This

FR-2700-101 ‘ c-12
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.45 allowed to Incubate at room temperature for two hours (or

.overnight if this is more convenient).

o “Staining. fhe haptoglobin is stained immediately after electro-
phoresis using the orthotolidine mixture. If the results are
- too weak, the percentage of peroxide shoul& be increaséd. If, .
.-however, there is bubbling within the gel, the peroxide content
-should be reduced.

" The agarose is reduced to a very thin film‘by‘overlaying the
gel with wet Whatman 1 paper and seve%&l thicknesses of
* bletting paper and applying approximéteiy 5} kiiograms weight
for 30 minutes. The gel is then washed overnig%t in a l-molar
saline solution, rinsed in distilled HZO’ repressed for 30
‘-minutes, and dried in an oven at approximately 65°C for 15
“minutes. The Gc bands can then be visualized by staining
<in Coomassie Blue for five to ten minutes and destained in

--the higher methanol destain solution.

If immunofixation has been carried out on the aérylamide, no pressing .

-and very little washing is required. The bands are visualized by . e

© ~dmmersing in Coomassie Blue stain for 5 seconds. (Any longer and the

-acrylamide gel will take up the stain which is very difficult to remove.)

.Destaining is carried out using the lower methanol destain solution.

AN
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EQUIPMENT, SUPPLIES, AND CHEMICALS

'RECOMMENDED FOR MULTLSYSTEM ANALYSTS

- EQUIPMENT -
- Item Description Model Type Manufacturer
. ’ BI
Cooling Bath and Circulatox with Heater
Fridgmix 1495
Thermomix 1441
Neslab RTE 4 N
Power Supply, AC, 0-500 V Var}a&%égy _ R120 B
"0-100 mA o :
Cooling Plates, aluminum, 20 x 25 cﬁv ' SH
Muitizone Electrophoresis Cells SH/R
_ Yolt/Ohm Meter (0-500 volts) ©22-201 - RS-
Centrifuge (capable of 9000 g) Microfuge-B B
Variable Pipetter (disposable tips) 10 yl E
. 20 ul
25 yl
t. <@ ’h { tow
Pipetter 5 ul E
FR-2700-101 | C-14
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HMATERIALS
Item Description ‘Model Type §u?plier
Sponge Bridges ] AS
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 witﬁqut strips» LS
20 x 20 cm
20 x 15 cm .
20 x 10 cm
Slot Makers B/SH
Development St;ips, 19 x OGS.X 0.3 cm )
Development Strips, 14 x 0.5 x D:?’Cm LS
.Development Stribs; 9% 0.5 x 0.3 cm |
Tygon Tubing, 3/8 ID x 1/8 Wall R3603 N:,
Mylar Plastic Sheets, 25 'x 60 x q.lycm N ) C
Cellulose Acetate Strips, SM "Sar;orius
40 x 360 mm o | '
Centrifuge Tube, 400 ul \ 19926 BA
FR-2700-101 . - c-15 ©
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" CHEMICALS
Item Description Order Code _Supplier

‘rMagnesium Chloride, 6 HZO MO250 S”
Maleic Acid ' M0375 s
Trizma Base ‘T1503 -
Glycine, Ammonia Free G7126 S
Citric Acid, Anhydrous C0759 s
Sodium Phosphate, Monobasic, Anhydrous 50751 S
Sodium Phosphate, Dibasic, Anhydrous S0876 S
Starch, Hydrolyzed, Powder (Connaught) -8676 F
Agarose, Type 1 - ) A6013 S.
"Agar, Special, Noble 6142~bl v
0-Tolidine, éractieal grade T3Sél S
‘Cyanogum 41, Gelling Agent C588 F
Dextrose (a-D(+) Glucose) Crade IIT G5000 S
Potassium Ferricyanide, Grade I ) ;P8131 S
Ammonium Persulfate (ACS Standard) ié
Brilliant Biue R (Coomassie Blue R250) B0630 s
2~Mercaptoethanol, Type 1 .M6250 S
3—Dimethy1aminopropionitrile ,DiOOB 'S
‘DL = Dithiothreito] (Clelandfs Rgt) +D0632 ]

4 - Methylumbel}iferyl Acetaﬁe M2881 S
Glucose-1~phosphate (with 1% @1, 6P2) G1259 S
MIT Tetrazolium M2128 S
Phenazine Methosulfate - s

[}
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. v ZSUPPLIER CODE | . A A
~CHEMICALS (Cont'd) 3 L , SUPPL S o |
. . Qf %? . AA Atlantic Antibodies . - 7 ~{207) 856-6392 °
U A e e e D) . e ‘ e . M IR 5 1 I 52 Anderson Reoad . o :
Kl 77" Item Description o | +Orxder Code ~ Supplier _ ‘” by v c -Westbrook, Maine 04092 : L -
— ‘ o ) ' fj i AS " American Sponge & Chamois Company (213) 639-9900
“NADP, Sodium Salt . CNO505 S J'! ; o Los Angeles, California ‘ o, , _
. G4251 ) S P ' B . Beckman Instruments, Inc. ' - j21714) 634-4343
Glutathl?ne, Reduced T : : : ‘ , 5y . - Advanced Technology Operations SR S :
» 9 MO252 - - ; : : ' * 1630 S. State College Boulevard
7 Methyl Glyoxal, 40% , " Anaheim, California
| ) 7 ‘ . - , : s California 92806 . :
e ‘ ..4=Methylumbelliferyl Phosphate ' 18883 s ' ~ | BA Bel Art Products R
‘ ADlZT‘ » 4 ' - : : - Pequannock, New Jersey 07440 R
: Adenosine-s-dlphosphate,‘Grade.I o ‘ . \ B M. . BT B. Brauh Instruments o B _L(415) 589-9217
£ . - ~ L 102-075 B-M ; , . 805 Grandview Drive ' ' :
Adenosine : - e o AQ251 s o » * South San Francisco, California 94080 _
. : ' - BM | Boehringer-Mannheim Biochemicals "~ (800) 428-5433
Nucleoside Phosphorylase _ 107-956 - B-M _ - 7724 East 89th Street . AR Pt
N ’ ° ) {3 ‘«) N ;P.Oq BOX 50816
R Xanthine Oxidase ) ' - o 110'434 B | | -Iﬁdianapolis Indiana 46250 |
Glucose-6-Phosphate Dehydrogenas, B - 127-035 : B-M ‘ E " . Eppendorf ' <o fvh(516)’334_7500
Grade I . L . » - “ Dist by Brinkmann Instruments, Inc. R .
- . | ) - . ' . S ‘Westbury, New York 11590 L S
s e : : - 127-175 B-M - ) . ) e e
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