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GRANT NO. NI 042 

(Ad:lpt~~.tion of Scotland Yard Micro-electrcphoresis 
Identification of Sub-groups in Dried Blood) 

I Professor lVretzner and Professor Joseph arrived at 

Scotland Yard October 1st o.nd were immediately put to wor'1\: 

in the Biology Laboratory dealing with dried blood. The 

following blood groups and enzymes were identified for 

minute quantities of dried blood as follows: 

Common ABO System member:::; d,~te_-:t~blE: in dried n!lc:co 
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GENETIC ENZYMES 

PGM 

1 

2 - 1 

2 

FREQ. 
Ufo 

47 

42 

34) 

8) 
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3 

1-1/2 

1-1/2 

FREQ. 
Ufo 

28 

50 

23 

FREQ. 
0/0 

55 

37 
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FREQ. 
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93 
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FREQ. 
0/0 

10 

56 

32 
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Rh PHENOTYPES 

Fisher 

Rl == 

R2 = 
RO == 

R' == 

R" = 

R2 == 

r = 

Ry = 
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English 
Usage 

CDe 

cDE 

cDe 

Cde 

cdE 

CDE 

cde 

CdE 

FREQ. 
% 

95 

4 

1 

FREQ. 
% 

34.89 

2.36 

2.061 

0.01 

0.14 

0.001 

15.05 

Trace 

There are a fe·'/Y other phenotypes for which dried 

blood techniques have not been developed. 

These data represent approximately 40 different 

genet:tc blood sub-groups useful in forensic science identi-

flcation. 

Our instructors were Margaret Pereira., department head 

for ABO and Rh work; Bryan J. Culliford, head of electro-

phoretic enzyme work; and Bryan Wraxall.,assistant to 

Mr. Gulliford. 
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We were received graciously and had the most 

professional support during our thirty days in the laboratory. 

We spent eight hours at the laboratory bench a day. 

II GOALS 

A. Since the goals of this grant project were to 

train two professors in micro-dried blood technique, we call 

say that we have achieved these goals. 

B. In order to meet the goals set up for transferring 

this technology to crime laboratory and nledical examiners 

laboratory per.sormel. it is necessary io set up a program of 

training for approximately twenty-one to twenty-four carefully 

selected personnel from the best crime laboratories in the 

different geographical areas of the United States. 

III PROGRAM IMPACT 

A. In order to introduce these techniques to 

selected pe.rsonnel, John Jay College of Criminal Justice can 

make available a bio-chemistry laboratory from August 1Mh 

to September 15th, 1970. We have ascertained that there are 

several inexpensive hotels within five blocks of the college for 

housing students in this institute on micro techniques in dried 

blood. 

{ - 6 -

B. Research Aspects. In addition to the transfer 

of the technology for micro-dried blood gen~tic identification 

we would at the same time be training the best people in the 

country in such a way as to prepare them for carrying on 

further research on the other known genetic variations in 

erythrocji es. 

c. Furthermore, the same crime laboratory 

personnel who study these new techniques in the laboratories 

at John Jay College would be capable of setting up similar 

courses for training laboratory personnel in their own 

geographical areas. We would be ready and willing to help 

them do this and establish the nee:€SSal'Y liaison with the 

universities or medical schools or other crime laboratories 

in their geographical area to implement such a program. 

IV DISSEMINATION 

At the time of this course a handbook of the techniques 
: i 

would be available for the students to use in their own 

laboratories for identification, research, and as a text for 

use in such courses when they give them in their general 

geographical area. In the pages that follow in this report we 

will indicate the generD.l techniques used in the work at 

Scotland Yard Laboratory. This report does not intend that 

the listing of techniques for different genetiC variations in 

" 
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dried blood be in such shape that it can be now used as a 

la.boratory manual. .HoW(;~ier, such a laboratory manual 

will be prepo.red for the proposed summer institute in 

dried blood micro identification of suD-groups. 

v PERSONNEL 

Personnel for the propoGed institute a'~ John Jay 

College from August 15th to September 15th, 1970 would 

include Professor .Joseph and Professor Metzner who have 

been at Scotland Yard and a third professor, Bryan 

Cullifo.cd, on the college payroli to be brought in from 

Scotland Yard Laboratory. Bryan Culliford. was our principal 

instructor at Scotland Yard Laboratory. He has agreed to 

• • l' f I 1 ' .." sa .. C com e as a V1SJ.',,111g pro' es.sor 'W F:.lp U;;; g17'e '..;ne COLI:' .:.' d.. 

the proposed summer insJ~itute, Aug .. l.s'C 15'j:h to September 15'~h. 

1970. With three professors we ",rill be able to ma:ir.:::ain a . 

ratio L"1 the laboratory of seven to e:gh'; S·;;~lJ.;UJ.~S per professor. 

The plan would be sh:: hours of laboratl)ry work per day plus ,)::18 

to two hours of theory. If ·the background in blood is very 

strong in the incom:ing group, we wEI bA ~.'01e 'to d~:spf::nse w:::~h 

celiain basic aspects of the theoret:'cal background. In 

students seVerall110n:hs b<"fore tht?y come to the coursC'. 

r 
( • 

~) , 
I 
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Ive feel that we can cover the ABO MN, enzymes, and 

Rh by manual methodS .since few or no labo!'a'bories in the 

United States are equipped with the automatic Rh an1:;Llyzer, 

we would not teach that technique. However, the manual 

technique is identical to the- automatic and co~,ts very 

very little. 

VI RESOURCES 

We have purchased .$1,400 't'TOrth of equipment sui table 

for two to three students. We will also provide the 

necessa.ry IN Spectrophot,ometer, refrigerators, pumps, 

CO!lste .. :nt temperature ovans, the only items l're will need 

support for are enough of chemicals, anti sera, and 

electrophoretic equipment. We wlll supply one medical 

microscope for each student in the laboratory. The 

laboratory naB thirty-six stations, however, by operating 

on a level of twenty-one to twenty-four stude!lts, we will 

give each of the students greater space to work in. We 

would need support for nine to eleven e~ddi tio~'lal electro-

phoresis equipment and power supplies. 
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Chapter I 

The Individu8,lization by Micro-Analysis of Genetic Sub-Groups 
,,\ In Old Dried Blood 

United states Procedures 

In th3 United states of America, Crime Laborator'ies and 

Medical Examiners Laboratories that process dried blood for 

identj.fication purposes are limited in their procedures as 

follows: 

1. Sufficient quantities of dried blood must be 

available from the victim or culprit. 

2 ."j;:re" Jried oloodmust not be more than two \'leeks 

old. 

• 
3. Identification is limited usually too ABO and 

ecce.sionally lvl and N groups. In most lAbnratnrif?s processir..g 

for M and N is rarely done. Most laboratories will not 

process dried blood for ABO. If ABO dried blood is processed, 

".,here suffir..!ient quantities are available the only indi vidual

ization provid.ed tells us whether or not a pers·on is or is not 

a member of A, B, AB, or 0 groups. This simpl~ does not 

identify and individualize • 

4. It is not possible in the United States at present 

to identify the twelve Rh phenotypes in micro-quantities of' 

., dried blood. 
) 5. It is also not possible to process old dried 

", 
~blood for various genetic enzymes • 

6. Present techniques in the United States used 

routinely in crime laboratories do not work on semi-micro 
, I 

~ quantities of blood. 
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7 • l~astly, American techniques do not usually work 

on old blood stains. 

For the above reasons small quantities of dried. blood 

are conSidered to difficult to process. 

It should be pOinted out that hematology done in Medical 

Examiners Laboratories usually involves wet blo,jd. However, 

micro-quantities of old dried blood are rarely if ever 

processed for individualization. 

Scotland Yard Laboratories Procedures 

On the other hand, the Metropolitan Police Forensic 

Science Laboratory (Scotland Yard Laboratory) London and all 

the other eight crime laboratories in England all routinely 

process minute quant.ities of old drie.d blood for approximately 
• forty different genetic sub-groups. 

This work was developed by Margaret Pereira and Bryan J • 

Cullit'ord. They have trained 19 year old technicians in 

the various micro-dried blood technique. 

The research required for developing these techniques tool\. 

14 years. However, today they are standard laboratory 

routines. The tec'hniques are called elution-absorption which 

means extraction and concentration. The enzymes individualization 

techniques all depend on electrophoresis. The equipment 

required is relatively simple for both techniques and is 

already available in more than 50% of the crime laboratories 

in the United States. 

At the Scotland Yard Laboratory and ~the other English 

laboratories it is possible to individualize all of the genetic 

sub-groups for AI' A2, B, 0, M, N, system as follows: 
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Common ABO system members detectable in dried micro blood quantity 

AlM, AlN, AlMN,Ar;}~, A2N, A~, AlBM, A2BM, AIBN, AIBMN A2BN, 

A,;BMN, OM, ON, OMN, BM. BN, BMN. 
"-

(NO'IIE: Al A2 are easily distingulshed by the elution-absorption 

technique). 

The probability for any individual for the genetic blood 

factors involved are found by simply multiplying the frequency 

for each factor detected for a person whose old dried blood is 

being examined. 

Freguency Distribution ABO MN (Great Britian Population) 
FREQ. 

ABO 

,0 

A 
• 

(Al 

(A2 

B 

AB 

(AlB) 

(A2B) 

MN 

M 

MN 

N 

% 

47 

42 

34) 

8) 

8 

3 

1-1/2 

1-1/2 

FREQ. 
% 

28 

50 

23 

Thus for an individual whose blood is Al BM we 

multiply the frequency distribution for Al B by the 

dist~ibution for M. Thus: .015 x .28 - .00420. 

simply 

frequency 
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Next we look at the Rh factor in use in England. The 

listing below, which are the factors which can be detected on 

old dried blood are called the phenotypes. There are 10 

Rh+ (plus) and 2 Rh-(negative). The frequency distribution 
. 

is shown on the next chart. The Rh-(negative) each have a 

frequency distribution of .01 or 1%. 

Rh Phenotypes English Freg. 
Fisher Usage % 

Rl = CDe 34.89 

R2 = cDE 2.36 

RO = cDe 2.061 

R' = Cde 0.01 

R" = cdE 0.14 
• 

1\2 = CDE 0.001 

r = cde 15.05 

Ry = CdE Trace 

If a person is Al BM and has an Rh phenotype of R2 

which has a frequency of .001, he is: 

.00420 x .001 ~ .00000420 

This individual is one out of approximately 

four million people. If this procedure does not provide sufficient 

individualization then a third routine series of tests for 

detecting red blood cell enzymes by electrophoresis is:.use.d. 

(LEAA Research Project 013 by Jos.eph in 1967 showed that 

about 50% of the Crime Laboratories in the United states have 

this electrophoresis equipment). 

Electrophoresis is used to identify the following genetic 

enzymes found in blood. The frequency distribution is found 

below: 
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FREQ. FP.EQ. 
AK % Hp. % 

1 .93 1 - 1 .10 

2 - 1 .07 2 - 1 .56 

2 2 .• 32 

0 .02 

FREQ. FREQ. 
ADA 90 PCE % 

1 .90 U .96 

2 - 1 .10 I • 04 

A rare 
- - - - - - - - - - - -

C -5 94 

C + 
5 96 

• - - - - - - - - - - - -
6PGD Freq. 

A .95 

A/U .04 

c/c .01 

The genetic enzymes from micro-quantities of old a.ried 

blood provide additional probability information for individual

ization. If we go back to the hypothetical person who is AIBM, 

R2 and we find that this person PGM has a frequency distribution 

of .07 multiply his frequency distribution to get: 

• 00000420 x .07 =.0000000294 

or one in 2.94 times 108• This is almost one in 300 million. 

Of course if the frequency distribution for individuals are 

larger than the probability would go down. However, the 

probability can be further increased if other genetic enzymes 

are present. 
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Theoretically it would be possible to approach the 

probability found in identification by fingerprints. 

This is indeed a new powerful tool providing dried blood 

of the victim or culprit is available. The identification stain 

,size for everything but Rh has been successful on dried blood 

stains as small as 1/8" in diameter. However, for Rh you 

need a blood stain on cloth about 1/4" by 1/2". 

As previously mentioned the techniques are relatively 

simple and the eqUipment is standard. The eqUipment and 

chemicals required are found in the appendix of this report • 

Furthermore, technicians can be trained to do this work 

in about four weeks of instruction. 

We finally believe that the micro techniques of elution 

abso.rption and electrophoresis for dried blood provides a p01.'lerful 

tool for i:ldi vidual:i. zation from v-ery small quanti ties of very 

old d:;:'ied blood. Of course all of the techniques also work with 

small quantities of wet blood if available. Obviously the 

older the stain the more difficult the procedure. In spite 

of the belief by many workers in the United States that old 

dried blood stains including 'buried stains are suppose to undergo 

degradation and bacterial action, in England the routine 

techniques described are successful on old blood stains. One 

additional techniques distinguishes hwnan fetal blood from 

adult blood by means of the ultra-violet absorption characteristics • 

The next section of this report illustrates typical 

laboratory procedures that may be applied in 
our own crime 

laboratories for various genetic blood sub-groups listed thus 

far in this report. These are the procedures employed at the 

Scotland Yard Laboratory. 

! 
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CONCLUSIONS 

A. The goals of this grant project were to train two professors 

in micro-dried blood technique, \Ale can say that we bave achieved 

these goals. 

B. In order to meet the goals set up for transferring this 

technol.ogy to crime laboratory and medical examinerslabot'atory 

personnel, it is necessary to set up a program of training for 

approximately twenty carefully selected personnel from the 

best crime laboratories in the diffe. '~nt geographical areas of 

the United States. It is hoped that these personnel will 

in turn disseminate these techniques in their own geographical 

areas. 

C. In order to introduce these techniques to selected 
• 

personnel, John Jay College of Criminal Justice has made 

available a bio-chemistry laboratory from August 15th to 

September 15th, 1970. We have ascertained that there are 

several inexpensive hotels within five blocks of the college 

for housing students in this institute on micro techniques in 

dried blood. 

D. Research Aspects. In addition to the transfer of the 

teclmology for micro-dired blood geneti.c identification we 

wO'illd at the same time be training the best people in the 

country in such a way as to prepare them for carrying on 

further research on the other known genetic variations in 

erythrocytes. 

Charles Kingston raises several questions about the 

accuracy of the probability if there should be inter-subgroup 

blood correlation. 'Unfortunately, no re'search has been done 

on intergroup correlations. This requires a piece of research 
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On a random srunple of blood from several thousand people where 

individuals of the Ame;rican Population are tested and any 

correlations is then detected. 

It should be noted that there are more than 287 DNA 

variations which have been detected in red blood cells. For 

each of these, there are one or more associated enz~nes. 

Research must be done to find micro-techniques that are 

Simple enough to be used routinely in crime laboratories. 

This requires the aid of an enzyme chemist. At John Jay we 

are building a research team to carryon this research 

beginning Spring 1971. 

E. Furthermore, the same crime laboratory personnel who study 

these new techniques in the laboratories at John Jay College 

woul"d be capable of setting up similar courses for training 

laboratory personnel in their 01:ffi geographi,cal areas. We 

would be ready and willing to help them dd this and establish 

the necessary liaison with the universities or medical school 

or other crime laboratories in their geographical area to 

implement such a program. 

After laboratory personnel have been trained in these 

techniques it may require several months of practice in their 

own laboratories before they can use them on cases. This will 

depend upon the time and facilities available. 

It is obvious that these British techniques are superior 

and provide more information than the procedures now followed 

on micro-techniques for dried blood in the United States. 

It is proposed that the National Institute for Law 

Enforcement support the making of a super-8~millimeter motion 

picture color film which could be loaned to crime laboratories 

as a teaching aid. 
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It is also proposed that a complete laboratory manual be 

developed and be disseminated to all Crime Laboratories in the 

United states. 

John Jay College of Criminal Justice will be available 

for consultation by telephone or in person, where diste,nces 

permi t. Jolm ,Ja.y College plans to offer a course in these 

t-" • part of the preparation as the B.S. and M.S. in teClllllques as 

Forensic Science. It also intends to offer special short 

course' for Crime IJaboratory personnel if the demand developes. 

It is not expected that the implementation in laboratories of 

the new semi-micro dried blood techniques will be adopted over

night. It may take one to three years. It is hoped that the 

courses that will be offered by the National Institute of .. 
+ t J hJ. J """'1' .... ,..,.n of Cl'iminal Justice during La~'! Enforcemenv c.. o~ 1 ay vO .... "E:)" 

August 1970 1'1ill be the first step in the dissemination of 

these new powerful techniques. 
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Determiniation of Haptoglobins in serum by thick starch 

gel electrophoretic separation 

Background: 

Haptoglobins are proteins having ~ strong affinity for 

hemoglobin. 

For ,practical pUl~oses three groups are used as the 

basis for most identification: 1-1 2-1 2-2. These 

constitute about 98% of the population (British) in the 

following distribution: 1-1 (10%), 2-1 (56%), 2-2 (32%). 

Materlals: 

T,ank Buffer 

NaOH 

Boric Acid 

H2O dist. 

Gel Buffer 

,Tris 
. 

Citric Acid 

H2~ dist 

See "Determination of Haptoglobin Groups in Serum." 

2.0 gms 

18.6 gms 

pH - 7.9 

1 liter 

pH - 8.65 

9.196 gInS 

1.05 gInS 

1 liter 

Whatman 3 Mr.f inserts 5x7 nun. for taking sarurn samples. 

staining 

O-dianisidine or orthotoluidine or benzidine. 
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Determination of Haptoglobin Groups in Serum'i 

1. Preparation of Plate 

A 9" x 6" glass plate is made into a moulc;l by sticking 

two layers of til wide glass strips around the perimeter of 

the upper surface with M.s.4 silicone ~rease. 

2. Buffers. 

TarLlcs pH 7.9 

Sodium hydroxide 

Boric Acid 

Distilled Water 

Gel pH 8.65 

Tris 

Citric Acid 

Distilled Hater 

Preparation of' Gel 

2.0 gms. 

18.6 gms. 

1 litre 

9.196 gms. 

1.05 gms. 

1 litre 

180 ml of gel buffer is placed in ~ 1 Ii tre conic;~l fl.f.3,:1K_, 

~ld to this is added an appropriate quantity of hydrolysed 

starch (Connaught Laboratories). The quantity is determin~:-: 

by the amount quoted on the label of the particular batch 

of starch being used. It is usually between 10 and 12 gms 

per 100 mI. This mixture is heated over a Qunsen w~th 

continual shaking. It will become thick and ag:+tation is 

essential at this pOint. Subsequently it will become cleay-' 

and_then thinner when boiling will commeric~. After very 

brief bOiling, a few seconds, remove from the heat and 

continue agitation by shaking. 
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2. 

De-gassing is effected by connecting the conical flask 

to a water pump until the mixture boils and becomes qUite 

clear and bubble-free. It is then poured into the mould 

l'rhich has been made as described in Sec tion 1. This mould 

should be placed on a level surface or a leve~ling table 

prior to pouring the starch gel into it. 

The mixture is allowed to cool to room temperature and a 

cover of P.V.C. sheet then put over it. 

4. Samples 

Blood samples are centrifuged and the serum obtained. 

A small quantity of haemoglobin "A" must be added to these. 

If lysis has occurred, sufficient haemo~lobin may be pres6Lt 

already. The colour of the sample of serum should be deep 

pink with haemoglobin. 

Application of Samples 

The P. V. C. cover is removed f:rom the gel and a s traigl':. 7 •. 

edge, such as ruler, placed across the gel parallel to one 

of the short sides, 2t'" from the cathode end. A 7 nun wid~ 

piece of razor blade is then inserted vertically into the 

gel towards the top of the plate. A piece of 3 mm Whatmar~ 

filter paper approximately 5 x 7 mms is soaked in th~ serum 

ca.mple. This is then inserte<;i vert.i.cally down the side 

of the piece of razor blade s? that it enters the gel. Th

raz,or blade is then withdrawn and a short distance away thl:

r;,ext slot is made in the gel and the next sample inserted. 
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Using t.hese sample sizes t.he gap betl'leen samples should be 

about 1 
'2 cm. When the plate has been ftlled with samples in 

this manner it can be transferred to the appropriate·· tank 

or tanks. 

6. The Run 

The gel is connected to the tanks, which have been 

filled wi th tank buffer, b;l j1leans of 6 thicknesses of 3 MM 

filter paper running the full width of th~ gel. These should 

overlap the gel by approximately 1 cm. The P~V.c. cover is 

replaced over v ege • .Loh 1 The powe. r pack, cOIT-flected to the taLks 

is then swi to:J.1ed on arld adjusted to a constant voltage of 170 

is tha correct 'v~oltage when runn:j.ng i[l a cold room at 

4°c. If the run is being made at room temperature, the 

voltage should be approximately 120 volts. 

~~ght for 15 - 17 hours. 

7. Developing the Gel. 

The run i p over-· 

The gel is removed from the tanks a...Y'J.d the cover :is 

also remove • d The filter paper inserts are r=moved from 

the gel and one layer of the glass edging also removed. 

Wi th the aid of a knife or wire the gel is sliced horizor.;.t-j:':':,~'·· 

from the anode to the cathod,:; end, using the single thickl"l-;'~:: 

of gla.ss edging as a guide. A piece ~f filter paper is 

l,ud over the surface of the sliced gel and gently ea.sing 

up one end, the upper halt' of the gel is removed adhering 

to the 'filter paper. 

---- --~ 
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The lower half of the gel is then stained ·w:i.th Ortho-

dianisidine in alcohol acidified with acetic a.cid, f'0110vled 

by 2>~ hydrogen pe.ro::dde.. The bands of haerl1oglobin and 
A 

haptoglobin/haemoglobin complex a:r.e stained greeninh/b:r:'owil. 

The gel may be hardened for storage in Alcohol/Acetic/Water 

in the ratiq 50 : 10 : 40. 

8. A Final Note 

Always record the order in which the samples are place;! 

in the gel. On developing the gel always put the rer-iUlts 

in the same note-book straight away. These X'el!Jul t~) can 

t.hen be tra.nsferred to the blood sheet on the file. 

- fit> tJAIG-'/V J~" Co ~..f . .s 

'" '+- liE: 

~ ~ I-I 

~ ~~ ~ m ! f., ~ 111.11 
~-I 

~ 1m 11 ~Il :%; 
-~ 
~ 
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PREPARATION OF AN AGAR GEL FOR 

IMMUNO,ELECTROPHORESIS 

Materials Required: 

Shandon micro-I.E.A. slide holder 

Polythene tape 

Eight 3" x 1" glass slides 

2% Ionagar gel (stock) 

Appropriate buffer 

Method 

Take eight 3" x 1" glass slides and make sure they all 

fit into the slide holder. (Slides with unfinished edges 

arc generally too big). Remove slides ~~d m~rk the 

appropriate G- number on them with a diamond. Check that 

there is polythene tape on the back of the slide holder 

covering the 8 holes. Fill these holes to just over the 

brim with water a...~~ carefully la~r the slides in the holder 

being careful not to get a~y air trapped under them. Wipe 

off excess water, and, after checking with a spirit level 

place on levelling table. 

Weigh out 25 grams of stock 2% Ion agar and mix with 

25 mls ot"" a.ppropriate buffer giving a final concentration 

ot" a. 1% gel. Heat slowly over a bunsen and 'bring slowly to 

the boil with continuous agitation. Make sure that all th~ 

) 

1\ 

(. 

~. 

lumps of gel have dissolved, remove from flame an~ cool unc1er 

Cold running water. Allow temperature to drop to 450C., 

rapidly pour onto the slides and manipulate gel so that it 

evenly covers the slide holder. Allow to set and store in 

moist chamber. 
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.sytltem Serum choJ.inesteras8 

Meuhod Sta.rch gel electrophoresis 

Tank or bridge buffer 

Gel buffer 

Sample 

Sodium hydroxide 

C1 tr1c acid 

pH 6 

M' 

0.4lM 

Diluted 1 in 8 for use. 

Succinic apid 

Tris 

pH 6 

O.OlM 

o.o184·M 

Serum on T,'Thatman No.1 inserts. 

Conditions of run 

30 mae (consta:nt current) for 17 hours.) 

Detection 

Reaction mixture: 

O. 2M 1'1:"06 phate buffer, p. H 7.1 

2 mI. 1% ·?( .. -naphthyl acetate in 50% 
aqueous aCetonE:: 

Fast red ~rR' salt 20 mbrn1. 

Pour Dve.,r sliced gel and develop at room ternperatu re 

for 2 hours. 

I 
, \ i 

2. ( 1\ 
lJ 

1 
Interpretation 

! 
! 
! 
I 

+ 1-0> 
: ill) i .J> 

I 
c',s-I 

I 
! 
I 

i 
'/ 
r .. ' I ~. ~ 

Cs 
+ ~ ~ + 

\\ , . 

Frequencies 
-.l 

.~ 

-Cf qS% 

+ 
Cs ~fo 

I • 

.' 't, 

. Eefe.rences 

Harris, H., D.A. Hopkinson, Rob::; on, E. ar!.dWhi ttakc'l', ~" .. 

Arm. Hum. Genet., Lond. (1963), 26, 359 .. 
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Improved Method for Haptoglobin tyPing of Bloodst.ainf.3 

Eauipment 

Shandon Slide Tray 

Shandon Kohn Tanks 

Power Pack 0 - 60 MA minimum 

Shandon Gel Pattern cutter 

Materials 

'210 Ionagar in water 

Hirschfeld gel buffer (1) (2) - made up double str~ngtho 

Hirschfeld tank buffer (1) (2) 

Anti Haptoglobin serum - putch Red Cross. Amsterdamo 

Preparation of gel 

Mix 20 grams of 2% Ionagar in water with 20 mls of 

gel buffer, melt, cool to 500 C and pour over slide tray 

containing 8 slides. 

When set cut the antigen slots to t~e pattern 

as shown in fig. 1. Do not cut antiserum troughs until 

AFTER the first electrophoretic separation. 

11-0 JW\", 

. r::c =============::=;:::1 o ., 

J 

Figure 1 

.'" ," • ..,,"e-:'~-~":,::--~" 
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2. 

Cut out enough stai.n material to fill slot and 

soak in gel buffer for 10 minutes prior to insertion into 
the gel. 

Electrophoresis (1) 

l60v (7V/cm.) with current 48 Ma. (~onstant) for 4 
to 4t hours at room temperature. U 

se gel contact troughs 
filled with ry;(, c~ Ionagar in tank buffer. 

Cut antiserum troughs with Shandon gel cutt~r m1d 

remove waste gel, Fill t h ith roug s w anti serum. 

Electrophoresis (2} 

At right anD'les +:0 d-lrpc;ti 0"n •• or'" fir"'';'' ' .. 
- t.J ~ .... - -- ._ "'c"'p~~'a- O'~ r_ -....., u,.L V.J..!! c..1:> 

.in Figure 2. 

+ + -, 
I 

I 

F.igure( 2) 

Tray' + Slides 
I 

I Elec·tr'o>,r-"",»c.,,l' R' . .~ - ,,' ...... ~ ......... 

I (1 ) 

I 
, 
• , 
, , 
I 

, 
,,_ ..... .,.. ...... 

i 

I 

- y.ElectrOPlloreSiS (2 ) 
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3. 

160 V (7V/cm) with constant current 22Ma. for 1 hour 

at room temperature. Use spontex bridges held in place with 

a glass plate. 

WaGhing 

Place tray in large dish containing 1 M. sodimn 

chloride solution and leave overnight. Plac.e in distilled 

water for ~ hour before drying. 

Remove lndi vidual slides, cover withvret Whatman No. 1 

ffild dry-at 56°c for ~ hour. 

Sta.inl~ 

Stain wit.h i'unido Black, differentlate in alco~101/acet~:2 

""rash. 

Time for complete typi~g - 24 hours. 

P8fE:rences 

(1) Hirschfelc~ J. Se. Tools 7, 2 (1960) 

B.G.D. Wraxall) 
Met. Polic ~ Laborator.v 
2, Richbell Pl1,we, 
Holborn, 
London, J.C. 1. 

(2) Cullifor,Q B.J. & vlraxall B.G.D. Natur(~ 211, 5051 (.l,)6C." 

17,','. I·; , 

i,.J'; I" j " 
l •• 

,., 

't " 

Rh - Dry Blood 

1. Cut (5) samples of stain from cloth til to 1/8". 

2. Place in miniature t.t. 

3. Add 1 drop appropriate anti-serum to each. 
-c c Cw D E 

4. Add 3 drops saline to each. 

5. Cap test tubes - incubate overnight at 370C. 

6. Wash each lOx in saline. 

aspir3te saline - add new saline, 

7. Finally draw off excess fluid - add 2 full drops of 

saline. 

, 's ,. . Elute at 600c - 30 minutes 
i .<' 

: If 

( 9. Add :lppropriate* test cells ,. CCVGr and incubate at 

UJ,.·/ 
'I' 10. Add 1 large drop 30% bovine albUmin. Let drop sli.de 

down side of tube forming lager between cells and saIL:.""d 

11. Reincubate t hour at 37°C. 

12. Read drops under microscope for agglutination. 

) ·:':-Appropriate test cells - blood from person having ant.l. (; :-: 

E'or c use 

D use 

-e use rr 

Cw has to be found. 

.' 
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Gc GrOLlpS System 

Method Agar Gel Immunoelectrophoresis 

Tal'J( or Bridge Buffer - Hirschfeld. 

Diethyl Barbituric Acid 

Sodium V't:ronal 

Ca.lcium Lac tate 

Dis tilled 1flatel' 

pH 8.6 

Gel Buffer 

Dlethyl Barbituric Acid 

Sodiu.m Veronal 

Calicum Lactate 

Distilled Water 

pH 8.6 

2.76 em 
17.52 gm 

0.768 gm 

2.1 

1.106 gm 

7.006 gm 

1.024 gm 

2 1 gm 

(,' 

, t , ( 

I \ 

Gel :. \ 

1% agar in gel buffer 

Poured on microscope slides iTl layer 1-211lln thi.ck. 

Serum pipetted into wells punche.d in gel. 

~onditio~s of rWl 

Electrophoresis: 

6-'7 V./cm for 2 hours at room tt:;mp8ratureo 

Immunodiffusion: 

Gel trough filled with illllnUne :Jorwn. 

Humidity chamber for 2L\, hOU1'S. 

i ( , 

, (! 
" 

) 

) , 

2. 

Detection 

Precipi tates can be vie\,led directly when illuminated 

in oblique light against a dark background. 

Stain: Amido Black or Ponceau S. 

Interpretat:Lon 

Gc 1-1 

Gc 2-1 

Gc 2-2 

-
Frequencies 

Gc 1-1 54% 

Gc 2-1 39% 

Ge 2-2 7~{; 

Genes Gcx GcY r,Z 
lor Very' rare 

TIefe.rences 

Hirschfeld, J. et al. Nature., Lond. 185: 931-·9~~.: (lY' , 

Hirschfeld, LT. 'rhesis. Progr. Allergy 6: l55-JJ3(~ (1 ,"',r- \ 
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'.: t;cm ... _\1:_-- l\,uenyl ate }\'iw.'1se 

St~H'ch gel electrophoresis 

'~',"l,.:J::. or Brictge Buffer 

Citric Acid 0.4lM 
~~. , to] tt-~ fll.;o J.O 

~,d~ I.J! 
Adjusted to pH 7 with sodiwn hydroxide 

• 

J;U,. s t 1. cU r~ e. 0.005M 0.79 g;.n .. &., Aq.~. 
c;t.dj usted to pH 7 with sodi.um hydroxide 

:-; ~;~;:..;.!~ Red cell 1ysa.tes ol1\IThatma.n No. 3 inserts. 

10V. /cm for L~ 110:.1rs at room tempeTature, using metal 

co')U.ng plates with circulating tap water. 

l.'e"tE-C. r.ion 

The gel waG sliced and covered with a 0.75% agar 

solution at 4Soc, made in: 

10 m1 

18 mgm 

40 mgm 

4.'1- mgm 

3.1 mgm 

1 mg 

1. mg 

1 drop 

1 drop 

O.lM '111'i8 buffer, pH 8.0, containing; 

Glucose 10 rill;! 

Magnesium Chloride 20 mM 

Adenosine diphosphate 1.0 mM 

Nicotinamide adenine dinucleotide phosphate 0.1·1· rnM 

~ Pinch) Phenazine methosulphate 0.012% 

G Pinch)Tetrazolium salt MTT 0.012% 

Glucose -6- Phosphate dehydrogenase 0.04 units/illl 

Hexokinase 0.08 units/ml 

Agar overla.y was allowed to set and incubated at 

37° for 2 haUl'S. 

--:.~. ""L!"'"~~ ~., .:.~~~--.:-,,"1' ,-=.~",' """",,, ,_.-
~, , 

" 

1 
,"'" 
, """-

2. 

Sites of Adenylate Kinase activity stained up blL lE-:l • 

Interpretation' 

AK 2 

AX 2 - 1 

AKI 

Freauencies 

AK 1 

AK 2 - 1 

AK 2 

f.e'i'e1"ences 

; 0 

~m g 
r~ @ 0 

90% 

10% 

Very rare 

Fildes, R. A. <::i21d Harris, H. 

-

{r--o]_ 
I: . 
!...' ... 

Nature, 209~ 262 (19G6~ 

I , 

1 
I 
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APPENDIX D 

PRECIPITIH REACTION 

,U,!.. 'ion 

,:;:'lhi8 reaction enables the species origih of blood and 

OT,":-- ': body fluids to be de termined. 
.' 

.~\ series of specific antisera are reac ted \'Ii th extrac ts 

.;~ l'nr.,.,1,jerial uXlcler exrunination ancl t.he f'orma,tion of a 

:1.:' ·..,·:.~2.1)i t.ate indicates the site of an antigen and body reactior.h. 

A gel electrophoretic method is used in this laboratory. 

·.!,'l·_I~ [;'1"10 reactants are placed in two wells punched in the gel 

pla.ced close together along the line of elec trophoretic 

m\'y"eml~nt, the blood extract in the cathodic \'Tell and the anti

carum in the anodic well. The antigens in the blood extract 

arE': :::erum albumin and c<; and ~ globulins whereas the 

a~'ltl"'bodies in the anti-serum are in the y globulins. 

Under the,conditions employed, when the electrophoresis is 

p,-"r.'forrned, the movement of the cr- -globulins is toward 

the cathode, all other proteins move towards the anode. When 

appropriate reactans meet in the area between the wells a 

precipitate .is formed. 

!tN;-' "..JMA-~ 
" 

1/ Ct)N 

II P, G-

41YT'I· 

D 

0 
O 

Awn(/o4/~ 
(, It N-r"'S~ R tJ /'II. ) 

S~~4- B I" 6 ~ .Q)(;-RI1-{.7' , 

e<:. Cf".p 1IQ6..,/~:v-.s 
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~Nr' &-~,.,....s 
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2. 

TW2.k 1JUff~~r -----
!Jud.i.LUn barbIturate (Vc::ronal) 17.52 rr 

0 

Dlethyl bar~ituric acId 2;76 g 

0.'7'7 g 

2000 :,.' =. 
Eli 3.6 

081 Bui'fei' 

Sod:l.um barbi tur2,te (Veronal) lL~.012 r.:-
CI 

Dic:thyl barbituric acid 2.76 g 

2.05 g 
Ca.lcium lactate 

2000 g 
Distilled iv'ater 

pH. 8.6 

1. Make bridges from 3 !nm ~{hatman paper approx. ll~" x 3 :./11,11 

folded in half longitudinally. 

2. 

3. 

Add tank buffer until troughs are three quarters 

full and level. Levelling is achieved by tilting 

the tank towards the back until the buffer in all 

sections florrs together and then lowering the 

tank level again. 

Add minute amount of merthiolate (fungicide) to 

each trough. (Also known as Thicrnersal) • 
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3. 

Plates 

3" x 2" or 3" x '1" glass microscope GLides. 

1. Clean with RBtS 25 (detergent). 

2. Rinse and polish dry. 

3. NLmlber slide with glass ma.rk.ing ink in upper right 

hand corner. '11'li8 should be consecutive with the 

prev'ious plate. 

Gels 

., 

.J... 

2. 

1. 

2. 

3.1 

2% stock 

Ion agar 10 g 

Distilled water 500 .ml 

MIx in cold Lhe!l1Jrlng Lo boll s i;irri.lJ.g consta.ntly" 

Ensure that all cl~stals are dissolved. 

Pour into 69.ndwich boxes aDd store in refrigerator. 

g.2% coatil1.:S, 

2c!.o -.j..,. ,-, 'Ir 
_/ P \J .. .... _\ 10 g 

Distilled. 1flB..ter 100 ml 

obtainc~~. 

Hf Gel 

c.~% stock ~;o g 

Gel buff4';'!!" 50 ml 

Heat c:!~d s til~ un til homogeneous mixture ot, taine<J . 

Pour '7 ml quantIties into sterilised test tubes. 

Allow to cool and store cOl.'ked. tubes in racks. 

_ ~ __ II,.. 

--: .. -... ~.-

\ 
I 
I'. 

I" 
! .. 
! 
I I' \ 

) 
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\ ' 

\ I 
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It. 

Stain (Amido black) 

Naphthalene black 10 B 0.1 g 

Methyl alcohol 50 ml 

Glacial acetic acid 10 ml 

Distilled water 50 ml 
Filter stain after making up. 

Wash solution 

Methyl alcohol 1000 ml 

Glacial acetic acid 200 ml 

Dis tilled via ter 1000 ml 

When \'iash solution becomes discoloured clean by mix.i.ng 

-vd.th actl,,-a.t8d clla:n~ui::'Ll, (15 - 20 g cha:ccoal/2 litX'es \I.raBh 

solution), and filtering the mixture. Dil3card charcoal 

residue. 

r.-.1ethod 

1. Melt appropriate quantity of 0.2% agar on water batt. 
Q --. Coat top sUl"f'ace of' plate 3:1 x 2" or 311 x 211 1;;r brw~h5..'" . 

on lightly with soft haired bruSho Wipe edge3 with 

tissue and allow coating to set. Norma.lly t.he pre'~ 

paration of' the plates as far as this is dOGe in buLk 

and they are stored ready nwnbered and coale-tie AJ..!.ovJ' 

to dry. 

Melt 7 ml 1% gel (ionagar) in gel buffer. 

bath a.nd loosen the cork). 

~I 
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5. 

6. 

B. 

10. 

11. 

,'" 

Place coated plate on horizontal surface with plato 

number in top right, and pour the melted contentn 

of the test tnbe onto top surfal.!8 of plate. 

Cover \'lith a mOiGture chamber (sand\,Tich box top) r.md 

allow to coo]. 

Place plate 011 pla.s tic holder, adj us t punch over pla.te 

and depress punch. 

Remove plugs of aga.r from each hole by means of vacuum 

pipette. 

Prepa.re a2"i (~xtrac:t of the blood staiiled matE-H'i.S'.l by 

adding 1 c1:rop of 50% gel buffer to small qua.nti ty of 

rna. terial in 8. r'Li8tcr" tube and prod \d th [;. gl()'GG rod 0 

va th bloods tai:'2ed material the extract [-lbould a.pPf..:?t' 

pale "straw'l colour, if too strong dilLi.t~~ with 50% 

buffer. 

Invert slidG cnto ta..:k bridges. 'rna i~:':G! t·ed. ~'unb(;,1.' ----------_. 
sid(~ ':Jf rh:" t~~t;!.', .. _------

'['he stair' extra.ct 'being nAareflt to th(~ -ve polf.' and 't;h~' 

arltisera nearf:st to the +ve pole. If i.l:~verted the 

wrong way 'the 'reacta:nts \,/ill be driven '3.rart, ~'()t 

together. 

------------------

: ( ., 

! 
! , 'I 

t, 

1 

Ii 
i!( 

1,1, (C'~' 1 " ,\ 
" )J 

( " 
f': 

b. 

12. Swi tah on pO\,/er pack 100V - 150 v a:nd run for 10-::;0 

minutes. 

13. Read p1::1.te th/h the aid of a bench lamp. A fine 
. 

li11e of' whi te preclpi.tate in' tb,e area between tHO 

holes of ;.;, pair indicates a posit.ive reactibn. 

14. Record result in precipitin book: _ 

Date of run Signa.ture.> 
•• r ;';'/"("0") It 
~ n ''''~ 0 J-J ,... 12-8-66 Bri.321 Bmi t;ll 

('af.le No. M!J.26/66 

.Jacket Jacket rrrousers Sh:l.rt -front back leg C 011.8:,1:" - -- ---
J\n l:i hUma.n +ve +ve +ve +ve 

-ve !..ve -ve _'\J&e 
Anti cat 

-ve -ve -ve i/"" - r.. .. 
A~ltl dog 

Caae I'fo: R/196/66 Case No. R/112/66 

Skirt Skirt 
:1.118ic1e Outside Knlckers 81<i3.' t; 

A1! t i humall -ve +ve +ve +vc 

-ve -ve -ve -Vl1 
1mti cat 

Antl dog -ve -ve -ve -vu 

15. Pla.ce plate in saline (physiological or molar if' zpo'Jd i:::; 

necessary) merthiolate (fungicide) for 21.+. hours. 1Ji),l:Lno 

removes excess proteins on plate those not involvcJ in 

the reaction. 
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16 0 Transfer to distilled water bath containing 0.01% 

merthiolate for not less than 2 hours (24 hours is 

recomme.ncied) • 

1'( .. Ht~mo'"e IJlate from ltlater, cover surface of gel with 

piece ui' damp No. 50 or 5L~ \I[hatman filter paper and 

leave oVE.·rnight to dry . ,. 
1'.) u. SelUove paneI' 

J; .' 
wash plate under running tap while 

gf7~·,tly l'Gbbing gel surface \'li th fingers to loosen 

fragments of adherent paper. 

19. Stain in amido black for ten minutes. 

20. T.ransfer to wash solution,; examine periodically and 

remove "then background is clear and precipitin bands 

a.re clearly stained deep blue/black. \ 

PI] O~T pIa teE t.o rjTY. 

2:2. Store in cabinet in electrophoresis section on 4th floor. 

: : :: 

, 

I 
I; 

, 

8. 

DIAGRA~M ,SI7 0T'Tl·._l',TG I,l'\.YOUT OF ~ 1. V' PEEe IPITIN PLATE 

(Actual Size) 

" I 

«:> 0 (,;. 0 0 f!> (iF q 
0 0 Ij a 9 () Q Q. 

0 D 0 0 (; 0 Q 0 ' . 

(;) 0 g 0 0 0 0 0 

09 C 0 t!J (;i <> 0 0 
(j) 0 0 0 C 6 0 ~ 

DIAGRA1\1 SHOWING SIl'lGLEBANI( OF' SIX HOLES 
(Much EnlaTn'ed) _ . b . 

;:.1:',.ti human serwn 

At:!!:;i cOvr serum 
(contrOl) 

A __ ut.i sheep/goat serum 
(contrOl) 

o 

o 

o Extract of stain 

o 
Extract of f-\tain 

o Ex·tract of staln 
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FLUORESCENCE MICROSCOPE METHOD 

FOR DETECTION OF SPERMATOZOA 

Heagents 

1. Buffer solution. 

Mix 1/15M. KH2POu and 1/15M. Na2HP04 to give a 

solution of pH 6.0 approximately. 

2. Acridine Orange solution 

0.01% in buffer solution (1). 

3. Differentiating solution. 

Aqueous O.lM CaC1 2• 

Method 

1. Air dry and heat fix slides in usual way. 

2. Place in A.O. solution for' 4 minutes. 

3. Drain briefly onto filter paper and pass into 

buffer Dolutio~ for 1 minute. 

4. Drain ontofil ter paper a..Yld pass into differentiati!-lg, 

solution for 3 minutes. 

Rinse in buffer solution a:t1d mount in this liquid 

und8T a coverslip: 

6. Examine under fluoresce~ce microscope using x40 

objecti ve. 

--------

~ 
Ii 
t 
I' 
~ ( ') 

c' 

r' 
I 

I 

'" fr 

I 

·1 

! . ; 

(1 

c . ~ I-em 
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Method 

Haptoglobins 

Starch gel electrophbresis 

~a~k or Bridge Buffer 

Boric Acid 

Socliwn hydroxide 

pH 7.' 
'1'ris 

Citric Acid 

pH 8.65 
S",,_mple 

" 

Blood serwn on Whatman 3 MM inserts. 

C'c::'1di t.ions of run 

0.3 M 

0.5 M 

0.0'76 M 

0.005 M 

130V for 17 hours at room tempera.ture. 

01' 170V for -I'.! h t 4.0 .. ours a. J C. 

Df'"Cection 
OR,.1;J..c).- • trr"~" 

/1. aq. 
d~/-

,~v,~ 

Reaction mixture: - O-dianisidine in 50/50 Ethyl Alcohol (q,>/'0 
- Glacia.l acetic acid solution. (Knife pOint of O-dianisidine 

in b t 20 1 / a-ou. m of Alcohol acetic acid solution), - and, 

'2!j6 Hydrogen peroxide solution. 

Gel is sliced in half and lower half, flooded with 

O-dianisidine solution, followed by 2% Hydrogen peroxide 

solution. 

Results develop at room temperature. 
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Interpretation -

1 1 

I 
/+ 
! 

G 

2. 

+ 

m 
I 

2 - 1 M. __ ,., .. . _. . '. _ .... I L m. ~. ~ 

2 - 2 

2 - 1 C 

Jormson '. 

.0 

1 - 1 

2 1 

2 - 2 

o 

2 - 1 M 

2 -1 C} 
Joru1.son 
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\ Preparation of a Starch Gel 

Materials Required 

One 9" x 6" Glass Plate 

Faur·9" x ~" Glass strips 

Four 5t" x .til Glass strips 

MS4 silicone grease 

Method 

Starch - Hydrolysed 

Buffer 

Lightly grease 4 glass strips with silicone grease 

and stick to glass plate forming 2t rom deep mould. Lightly 

grease other :.ltrips and place on top of previous strips 

formingt cm deep mould. Enough grease should be used to 

make a watertight mould only, special attention being gi ve1:~ 
to the corners. 

Weigh out accurately the a.mount of Hydrolysed starch 

(as stipulated on the bottle) requifed for 180 mls. of 

buffer. The amount needed varies from batch to batch but 

always use 190 mls of buffer for a 9" x 6" plai;e. 

Measure 180 mls of the appropriate buffer (P.G.M., lip. 

etc. as found in the bottles stored in t11.e cOldroom) and m:' ~~ 

wi th the starch in a 1 litre conical flask. Heat gently 0":-" 

a bunsen, using a cloth wrapped around the neck of the flar: .. 

continuously swirling the liquid throughout the whole heat.'", 

process. 

THIS IS IMPORTANT OR YOU WILL END UP WITH BURNT STARC1T. 

After about 2 minutes the gel will thicken (keep the 

. , 
< 
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gel moving) Dll.d then thin out as it boils. When it is 

gently boiling remove from heat, continue swirling for one 

mj.nute and apply vacuum by means of a water pump. Hhen the 

gel has finished frothing remove vacuwn and pour gel into 

mould. The bench is sufficiently level so a levelling 

table is 'not required. 

Allo'w gel to solidify then cover with P.V.C. sheet. 

I: 
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The Prese.rvatiol) of Starch Gels 

Flood the gels with a solution of alcohol acetic wash· 

. u' . t:aining 5% Glycerol. 

DiffuSion is as follows: 

4·5% alcohol • 

lOJ6 aceti.c acid 

59'~ glycerol 

In this dis sol 'Ile 0.13% Eodiuffi "'. _'7.-i d .. p._.. fTlhp. gp.l<" e 11 1 _70 ";I. r ____ ... ,::0 ar. a OWAC 

to soak in this for 24 hours. The wash solution is poured 

off, the gels placed on a siliconed glass sheet and covered 

"'IrS. th a hardened filter paper, the edges of which should 

overlap the gel and should be weighted dO\,n1 on to the 

si.liconed plate. Left at room temperature for a few day, 

tl~.e gel dries down to a thin pliable film which call be peeled 

I'rom the siliconed plate and sealed between pieces of 

polytl1ene film. 

The same method Crul be used for drying agar gels into 

pliable films. In this instance the gels are placed on.the 

siliconed plate without covering. 
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Method 

---------~ 

Red cell phosphogluconate dehydrogenase. 

Starch gel electrophoresis. 

Tank or Bridge buffer 

Phosphate buffer O.OlM pH 7.0 

Gel buffer 

As for tank buffer. 

Sample 

Red cell lysate on Whatman NO. 17 filter paper 

inserts. 

Conditions of run 

Detection 

lOVo/cm. for 4 hours using cooli~g platec. 

Agar overlay method: 

Agar 100 mgm 

O.lM Tris buffer at pH 8.0 

N.A.D.P. 

Sodium - 6 - phosphogluconate 

Phenazine methosulphate 

Tetrazonium salt 'MTT' 

10 ml 

2 mgm 

10 mgm 

0.4 mgm 

2.0 mgm 

Pour over sliced starch gel at 45°C and incubate at 

37° for 1 hour. 
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Interpretation 

f1WiIiJ 

c 

Frequencies 

A band only 

A + B band 

WTP/ua 

·ft#/l/iiJ 

140/150 

10/150 

( 

< 

' ... ", ' 

2. 

+ 
A 

B 

~ --

-
B band only Very rare (not yetfoundl 
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1 th d f r Enzyme Typing of BloodGtaim, J Thi n-layer starch ge me 0 0 __ 

B.G.D. \vraxall & Bryan J. Gulliford , 

Metropoli tan Police Forensi,c Science Laboratory~ London . 

Introduction 

The basic method of starch gel electrophoresis, developed 

by Smit.hies (Smithies, 1955), has been used in both routine and 

1'(;;/:;8arch establishments for the determination of various protein 

Wi th appropriate modifications of bufff'l.'r' fJxl.d enzyme allelomorphs. _ 

it is used successfully in this laboratory for the detennination 

of' protein and enzyme types. However, the quantity of bloodstej,l,:r> i 

nl':1.serial available for enzyme type determinations is often very 

.r,fu~~l·l and in such cases t.he original method of Smithies is 

i!!adequate. The diffic ul ty has 'been overcome by the development 

of a. micro-technique requiring a minimal quantity of blood or 

bloodstained material. 

The method using this micro-technique for the determinatio~ 

of' Phosphoglucomutase (PGM)' types in bloodstains (Gulliford, 19 .... ·· ~I ) 

ir.! 'iencribed below. 

M>3. [~e.rials ---. 
:-i. Two g' , 'l ;:, 

~-.-~- plates 22 cm. x 15 crn. .x 3-6 mm. thiclc. 

r, - . Two glass strips 22 cm. x 5 mm. x 1 mm. thic.Jc. 

\) . T,,,o glass strips 14 cm. x 5 nun. x 1 mm. thick. 

t. Two glass strips 22 cm. x 5 mm. x 3 mm. thick. 

s. Four glass strips 14 cm. x 5 mm. x 3 mm. thick. 

(Spentex) buffer bridges 14 cm. i,dde C() 1. . Ti' 'I'wo foam plastic ' ~ 

the tank being used. 

" t 
• h,' 

" 

~ 

2. 

Hydrolysed starch, buffers, etc. Shandon Kohn tanks and 

Vokam po\,Ter pee,ks were used. 

Method 

The glass strips B & C are lightly greased with M.s.4 cilicon~ 

grease and stuck by means of the grease around the perimeter of m:'e 

of the glass plates A to form a shallow mould. 1 mm. thick. The :r'eqL1:Ll",,\'.l 

amount of hydrolysed starch (as recommended by the manufacturerr.; 

for the particular batch) is added to 50 mls. of gel buffer. 

'l'he starch and buffer are then heated until boiling, degreased Llrir)J,:; 

a vacuum pump and poured into the mould at one end. By drawing 

a bevelled perspex starch-gel scraper (Shandon Scientific Go.) 

across the mould resting on the glass strips B, excess gel is 

removed. Th.e purpose of this operation is to produce flr~d even 

layer of starch gel 1 mm. thick. This can be done only by start.l ",~ 

T,<Ti th an excess and proceeding as described. If a Simple straigt:.':' 

edge is used in place of the suggested gel scraper a thicker Ul:.r;V'OY: 

gel is produced. All the failures so far recorded from people 

star~ing to use this technique have been due to a gel that is 'r-,:, 

t,hick. One millimeter .should be considered a maximum not a mi, ~.~!; l' 

thickness. 

The origin is placed one third of the length of the platE' .. 
\ u o· 0 

7-8 cm.) from the cathode. Slots apprOXimately 1 crn. long are 

in the gel using pieces of razor blade broken to this length; l 

i~:Bf::lrt.s for lysates are pieces of cotton thread of the same lell'" .', 

! {' ;'[hen dealing with crusty bloodstains or stains on solid object..;. 
I ~ 

("~}) Blll~h as glass or metal, a piece of thread is soaked in gel bur.!.'., .. 

an.d the stain swabbed from the surface. In the case of bloods t.,:) 
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3. 
garments a thread is carefully removed and allowed to soak in gel 

~uffer for five minutes prior to insertion into the gel. In the 

~~ - - -------

(:ase of weak bloodstains or stains on thin material several threads 

rhould be used. 

The spontex bridges are placed across the ends of the plate 

over-1app,ing the gel by about 2 cm. a.11d are held in contact with 

the gel by the second glass plate A. 

Electrophoresis is carried out for 17 - 20 hours at 20 - 4 0 c, 
ur..ing a voltage of 100 v. (4 V/cm. across the gel). This should 

pl'oduce a current of 8 rna. for a gel 1 mm. thick; .if the current 

:t'or a 22 cm. x 14 cm. gel is higher than 10 rna. that indicates that 

the gel is too thick. 

On c,ompletion of elDctrcpl .. orccin the t'i-IO glass strips D
J 

EW~d 

two of the glass strips E, are greased and placed on top of the 

:-tJ:'ips B & C respectively. The remaining hom glass strips, E, are 

u3ed to block off an area running from the origin to 3 cms. from 

,:v:'yle. The reaction mixture is prepared (Culliford, 1968), and 

:' oured onto the starch gel surface between the inner glass strips; 

I-::~.l'e is no need to slice the gel horizontally as in the method 

1~7.1.;!:ibed by Smithies (1955) or Hopkinson (Hopkinson & Harris 1965). 

,7.l1~ gel is covered with the second glass plate (A) a.11d incubatea 

::.;t vhE: dark at 37°C for 1 - 2 hours. The zones of PGM activity 

:-.:.f:1'·~a:l.' as distinct blue bands. 

This method has been successf'ully applied to the deter!1lination 

,..,C PGM types and to Adenylate Kinose types, (Culliford & I'Tra.xall, 

G{) te published). The detennination of Haptoglobin types in serLUIl 

4. 

has s@ far, however, not been successful. 

l'his is now the routine method for enzyme type determination 

In this laboratory. 

H.pf'erences 

Gulliford, B.J., 1968, J. For. Sci. Soc., 7, N.3. 

Hopkinson, D.A., & Harris, H., 1965, Nature, 208, 410-412. 

L~m:Lthies., 0., 1955, Biochem J., 61, 629-641. 
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Complete ABO - MN 

~ryping - \,lhole blood 

Absorption - elution method. (whole blood) 

1. 2 drops blood in centrifuge tube. 

2. add saline (normal) to 3/4 full. 

Spin at 3000 rpm 5 minutes. 

aspirate super natant 

., 

[:' 
~) . add saline to 3/4, spin, aspirate repeat third time 

".. o. 

thus three washings. 

Set up acetate sheet as indicated. 

Use following serum types on drop in each space 

v8rtically. Abscissa serum types added hor:izontally 

one dro!,> ear.h. 

• .l-l M EN ON OHN A2M One Test Sample 

1Lj' 4 4 

I 
I 
I 

4 3 

4 4 4 4 

4 4 

2 4 4 3 

4 4 4 4 

4 4 4 4 

4 4 3 

4 4 4 

Procedure is same 'as in thread technique. 

AlB M Example iR 
Dr. Alexander ,rnr:r,['h' r: 

blood. 

j , ; 

! I 1::11 
1 t , I ,_ 
,:~ 

!-

[i 

If' i . 

( 

( 

Rh - Whole Blood 

Set up small blood sample test tubes (til diarn.) in 

rack as per diagram. 

1 2 4 
Test 

3 
o o o o 

Rh- o o o 

Rh+ 

1. 

2. 

4, 

o o 

C Cw D 

-Add anti serum c to row 1. 

Add anti serum C to rm'l 2 ~ 

Incubate a.t. 370 0 for 1 hour. 

Remove all tubes except D. 

5 
o 

o 

o 

E 

etc. 

5. D incubates It hours, then add 30% albumin - 1 drop. 

6. C- incubates 2 hours. 

7. After incubation add about ·k lf saline to all tubes. 

8. Look for agglutination at bottom of tubes. 

9. Cheek,with microscope - after picking up 1 drop of eaqh 

on slide. 

10. Examine all test srunples. 

Sample: Dr. Alexander Joseph's blood. 

1 2 3 4 5 Interpretation! 
Test + 

Rh-

Rh+ + + + + + 

~- I 
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'~r".:i,ido Cb.olir18S ter~,se Determination of Dibucaine Number. 

('l:Lte degree of inhibi tion of dibucaine on the hydrolyses 

(.f :1':'1,zoi1 choline chloride solution by serwn cholinesteraf(:~ 

:~,.,,1r:·r f3tandard conditions and expressed as % is termed 

~.J ': d.i.buc8.i~').::: number of the serum source of the enzyme.) 

p,::: tj.l)nale : -,------
";holiL.8sterase and psuedo - cholinesterase are normally 

':':1 tt~~~ bod:r. The former is found in r b c s, the latter 

1:1 blood 8<3rum. 

The genetic types of individuals for psuedo cholinestera,;-38 

:n:flect modifications of the enzyme molecule. 

Detection of types is based on dibucaine inhibition 

o:f activity of the enzY11e ill corllparison with 8.n. Lminl:1ibit6d 

reg,etion. 

Measurement is on log scale because we are interested 

1n absQrbance. 'This 1.s true for all enzyme reactions. 

-----~ ~--

• I 

{ , 

\, 

J 

.. , ............ _--
""~l bu:fi'r::r 

., 1 
~~a1llP e 

" . 

Serum cholinesterase. 

Agar gel diffusion 

'rris O.lM 

Adjusted to pH 7.4 with hydrochloric acid. 

~~o plates Bet up: 

(i) (~or.~t/:rol --
DIFCO Special Agar Noble 

Gel Buffer 

1.5% 

(22) Inhibitor 

As control plus 10-7M R02-0683 

(Dimethyl Carbamate of 2 hydroxy - 5 Phenyl 
Benzyl Trimethyl Ammonilli~ Bromide) 

Se7um diluted with gel buffer, diluted 1 in 

b for inhibitor plate and 1 in 32 for control. Samples 

pi~etted into wells cut in gel. 

CO:'ldi tio;:~s of run 

Incubate at 37°C for 17 hours. 

Detection 

Reaction mixture: 

0.2M Phos~hate buffer, pH 7.1 100 mI. 

1% O<::-naphthyi acetate in 50% aqueous acetone 

Fast red TR salt 20 mgm 

Pour over sliced gel and develope at ro,?m 

/ temperature for 2 hours. 

" , ~ 

:-;;~." ~ ~~. 

2. nl.J. ~ 

! ' 



( 
( 

( 

'( 

/ 
\ 

( 

( 

. 
.... " 

( '. 

( 

Interpreta.tion 

Control 
Pl~te 

Freguencies 

u::;ual type 

Intermediate type 

Atypical type 

96% 

4% 
1 in 2500 

2. 

usual type 

Intermediate type 

atypical type 

References 
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Method 

Haptoglobins 

Starch gel electrophoresis 

r~lk or Bridge Buffer 

Boric Acid 

Sodium hydroxide 

Tris 

Citric Acid 

pH 8.65 
;:"2111ple 

Blood serum on Whatman 3 MM inserts. 

Conditions of run 

0.3 M 

0.5 M 

0.076 M 

0.005 M 

or 

l30V for 17 hours at room temperature. 

l"(OV for 1'7 hours at 4°c. 

11'il1_ 

Detection .;.!t~ ..,. ~ iii 

Reaction mixture: - O-dianisidine in 50/50 Ethyl Alcohol «:r S";0 
- Glacial acetic acid solution. (Knife pOint of O-dianisidine 

in about 20 ml of Alcohol/acetic acid solution), _ and, 

2% Hydrogen peroxide solution. 

Gel is sliced in half and lower half, flooded with 

O-dianisidine solution, followed by 2% Hydrogen peroxide 

solution. 

Results develop at room temperature. 

: \ ) 

" ) 

( , 

2. 

Interpretation 

+ --
1 - 1 

I 

2 - 1 ~_. __ .____ ___ .. -.---lJ .. fllm f01 
2 - 1 ____ ... _ .... . . ____ .. _ ._ .. ___ J.' If U flL.'._. ___ Wf-----... _ .. ______ . 
2 - 2 

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

Johnson ... 

_0 

. 11M .mll ~ ~ 
III , I 

Itllll 

, 
f I 

Freqt1enci~ 

1 - 1 10% 

2 1 

2 - 2 32% 

2 - 1 M 

2 - 1 C l 
JOh.nson) 

less thcL'1:1St (A8 high as 10% in Negroe 
populations) 

Very rare 
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System Haemoglobin 

Method Cellulose Acetate Paper Electrophoresis. 

(ii) Kohn 

Tanker or Bridge buffer 

Anodic 

Tris 12.6 gm 

E.D.T.A. 1.25 gIll 

Bo;ric Acid 0.95 gIll 

Distilled water 500 ml 

pH 9.1 

Cathodic 

~ Sodium diethylbarbiturate 2.57 gIll 

Diethylbarbituric Acid 0.46 gm 

Distilled water 500 ml 

p~ 8.6 

Cellulose Acetate Paper buffer 

Cathodic and Anodic buffers are mixed in equal 

proportions. 

.§ample 

Red cell lysate painted on buffered cellulose acetate 

strip in this band. 

Conditions of run 
o 

Kohn system: 150V. to 200V. for 1 to l~ hours at 4 c. 
Detection 

Staining with Ponceau S. 

,0, . . ',. , ,. 

r 
<, 

( 

~ 

I, 
i 
! 

I 
! q , 
i 
; 
j 
j 
! 

I 
~ 

L·, I".' 
I 
I 
! 

I 

1 f ' 

, '. 

, t, 

! 

I 
~1 
! (, 
! 

2", 

Interpreta.tion 

AS 

AC 

A 

Als 
-'A!D 

D -., 9 n 

·_ .... A/c· "'-' '" m D 
""--"D' '" 

F 

Sis 
-'S/c 

, ... _., .. _. __ ... 
:'IJ 

-C 
D I 

A Normai 

... F All childr~n and Thalassaemics 
and SS 10% - 15% Negroes 

and CC 3% Negroes 

D 

E 
Very rare 
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Improved Method for Haptoglobin typing of Bloodstains 

Equipment 

Shandon Slide 'rx-ay 

Shandon Kohn Tanks 

Power Pack 0 - 60 MA minimum 

Shandon Gel Pattern cutter 

Materials 

2% Ionagar in water 

Hirschfeld gel buffer (1) (2) - made up double strength.. 

Hirschfeld tank buffer (1) (2) 

Anti Haptoglobin serum - Dutch Red Cross. Amsterdam. 

PreE.aration of gel. 
. , " \ . 

Mix 20 grams of 2% Ionaga.r in water wj,.th20 mls pf 

gel buffer, melt, cool to 500 C and pour over slide' tray 

containing 8 slides. • j • 

. ,.' 

vfuen set.cut the antigen slots to the pattern 

as shown in fig. 1. Do not cut antiser~ troughs unti~ 

AFTER the first electrophoretic separation. 
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Figure 1 

~I ( 

" 

Cut out enough stain material to fill slot and 

soak in gel buffer for 10 i m nutes prior to insertion into 
the gel. 

ElectrophoresiS (1) 

l60v (7V/cm.) with current 48 Ma. (constant) for 4 
to 4i hours at room temperature. Use geJ 

(,~::J.ta.l;i:; troughs 
filled with 2% J~:::J.dgar in tank buffer. 

~ut ti an serum troughs with Shandon gel cutter aDd 

remove "Taste gel. Fill troughs with ti . an serLUn. 

Electrophoresis (2) 

At right 

,in Figure 2, 
to direction of first separatiun ct::. 
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160 V (7V/cm) wi th constant ~ur:C'ent 22Ma. for 1 hour 

at room temperature. Use spontex bridgeiJ held in place with 

a glass plate. 

Washin& 

Place tray in large dish contain:Lng 1 M. sodium 

chloride solution and lea.ve overnight. Place in distilled 

water for i hour before ~rying. 

Remove individual slides, cover with 1:let ~fhatma!l No. 1 

~'ld dry at 56°c for t hour. 

Staining 

t ... ·.,·......,~.~,..... • .4t~:~1th Amido Black, differentiate in alcohol/acE"t:' 

" , 

",rashu 

Time for complete typing - 24 hours. 

R.eferences 

(1) Hirschfeld, J. Sc. Tools 7, 2 (~~60) 

B. G.D. Wraxall, 
Met. Police Lal)oratoc: 
2, Richbell Place~ 
Holborn, 
London, W.C. 1. 

(2) Culliford B.J. & Wra.xall B.G.D. Nature 211, 5051 (196('}0 
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System 

Method 

0.81 buffer 

Gel 

Serum cholinesterase. 

Agar gel diffusion 

Tris O.lM 

Adjustpd to pH 7.4 with hydrochloric aCid. 

Two plates set up: 

(i) C0l1trol 

DIFCO Special Agar Noble 

Gel Buffer 

(22) Inhibitor 

1.5% 

As control plus 10-7M R02-0683 

(Dimethyl Carbamate of 2 hydroxy - 5 Phenyl 
Benzyl Trimethyl Ammonium Bromide) 

Serum diluted with gel buffer, diluted 1 in 

8 for irulibitor plate and 1 in 32 for control. 

pipetted into wells cut in gel. 

Samples 

Conditions of run 

Incubate at 37°C for 17 hours. 

Detection 

Reaction mixture: 

0.2M Phosphate buffer, pH 7.1 100 mI. 

1% oc-naphthyl acetate in' 507'6 aqueous acetone 2 mI. 

Fa,st red TR salt 20 mgm 

Pour over sliced gel and develope at room 

temperature for 2 hours. 
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Interpretation @ 

Control 
Plate 

References 

Usual type 96% 

Intermediate type 4% 
Atypi~a1 type 1 in 2500 

2. 

uSual type 

Jntermediate t~~e 

atypical type 

1. Harris, H., Robson, E.B., The Lancet, Aug. 3rd, 1963, pg. :.: .... lEL 

2. Lehmann, H., Davies, D., ~ed. Science and the Law, Vol. ~.~ No 0 ~3 
(196~) 
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Rh - Whole Blood 

Set up small blood 

rack as .per diagram. 

Test 

Rh-

Rh+ 

f' 

1 
o 

o 

C!) 

c, 

2 

o 

o 

o 

c 

sample test tubes 

3 4 5 
o 0 0 

o 0 0 

000 

Cw D E 

1. Add anti serum c to row 1. 

2. Add anti serum C to row 2 ~ etc. 

Incubate at 370 0 for 1 hour. 

4. Remove all tubes except D. 

(t" diam. ) in 

5. D incubates It hours, then add 30% albumin - 1 drop. 

6. C- incubates 2 hours. 

7. After incubation add about -21 " sal-tne to 11 t b .... a u es. 

8. Look for agglutination at bottom of tubes. 

9. C~,. wii;h. microscop~ - after picking up 1 drop of each 

on slide. 

10. Examine all test s@nples. 

S&.mp1e: Dr. Alexander Joseph's blood. 

I 2 3 4 5 Interpretation: 
Test + CDe = RI R1+ 
Pn-
Rh+ + + + + + 
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Complete ABO - MN 

Typing - whole blood 

Absorption - elution method. (whole blood) 

1. 2 drops blood in centrifuge tube. 

2. add saline (normal) to 3/4 full. 

Spin at 3000 rpm 5 minutes. 

aspirate super natant 

3. 

4. 

5. add saline to 3/4, spin, aspirate repeat third time 

r o. 

thus three washings. 

Set up acetate sheet as indicated. 

Use following serum types on drop in each space 

vertically. Abscissa serum types added horizontally 

one drcp each. 

AIM EN ON OHN A~ One Test 

4 ... 4 4 

4 3 

4 1+ 4 4 

4 4 

2 4 4 3 

4 4 4 4 

4 4 4 4 

4 4 3 

4, 4 4 

Procedure is same as in thread technique. 

Sample; 

AlE M Example is 
Dr. Alexander J08t'ph!:: 

blood. 
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'l.'0l'udo Cholinesterase Determination of Dibucaine Number. 

('i:tle. dE~gree of inhibition of dibucaine on the hydrolyses 

ut' lJ81JZoil choline chloride solution by serum cholinesteraen 

";~,. ~'!.r;'r s ta,ndard conditions and expressed as % is termed 

t'~., .• ' c1:i.uucai.1l8 number of the serum source of the enzyme.) 

;·':if~~ .. 1.0cB~le : 
~- ..... ----.---

·~holi:(:.eBte1:'a.se a.nd psuedo - cholinesterase are norm8.11:l 

.•.. tX.:.t- body". The former is found in r b c s, the latter 

The genetic types of individuals for psuedo cholinestera,,:;o 

r"'!.flect modifications of the enzyme molecule. 

Detection of types is based on dibucaine inhibition 

>.::' 8.ctivity of the enzyne in comparison with ar, uninhibited 

reaction. 

Measurement is on log scale because we are interested 

:i.n absorbance. 'rhis is true for all enzyme reac tions. 

- •. ~., ".... -.... ~,.,..' 
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