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Enzyme Typing of Human Hair Roots 

At present there exists no reliable means of characterizing human hair. Although several 
attempts have been made to provide improved techniques for the examination of hair, 
relatively little progress has been made [1]. In the present study, the possibility of detecting 
isoenzymes in hair roots after electrophoresis was investigated as a means of characterizing 
human hair. The enzymes chosen were those for which genetically determined isoenzyme 
systems are well documented (phosphoglucomutase, acid phosphatase, adenosine deami- 
nase, adenylate kinase, and esterase D) and which are easily demonstrable after starch- 
gel electrophoresis. 

Methods 

Collection of Hair Roots 

Plucked Hairs--Hairs were plucked randomly from various regions of the scalps of 34 
donors who were staff at the Home Office Central Research Establishment, Aldermaston 
or the Metropolitan Police Laboratory, London. 

Brushed Hairs--Hairs which had been removed from the head by brushing, generally 
within the previous 24 h, were collected from the hairbrushes of three donors. 

As soon as conveniently possible after collection, the hairs were cut I cm from the root 
end and the latter was frozen for periods of up to two weeks before use. The hair roots 
were frozen and thawed for a second time in an attempt to enhance the solubility of the 
proteins before electrophoresis. 

Aging Studies--Plucked hair roots were stored in a dry condition in a paper envelope at 
room temperature (15 to 20~ in an oven at 37~ or in a moist chamber at 37~ After 
storage the hair roots were frozen and thawed twice before electrophoresis. 

Electrophoresis 

After freezing and thawing were completed, hair roots were applied directly to 1-mm 
thick starch gels and subjected to electrophoresis. For determination of phosphogluco- 
mutase (PGM) types, the method of Culliford and Wraxall [2] was used and the enzyme 
visualized with the overlay method described by Spencer et al [3]. Electroph0resis of acid 
phosphatase was carded out according to the method of Wraxall and Emes [4] and of 
adenosine deaminase by the method of Spencer et al [5]. Esterase D isoenzymes were 
separated with a tris(hydroxymethyl)aminomethane (Tris)-maleate buffer system and 
stained with 4-methylumbelliferyl acetate [6]. Adenylate kinase isoenzymes were sepa- 
rated by electrophoresis with a sueeinic acid buffer system described by Culliford [7]. 

Received for publication 5 July 1977; accepted for publication 22 Aug. 1977. 
lSenior research feUow and head, Biology Division, respectively, Home Office Central Research 

Establishment, Aldermaston, Reading, Berkshire, England RG7 4PN. 

356 

J Forensic Sci, Apr. 1978, Vol. 23, No. 2



TWIBELL AND WHITEHEAD ON HAIR ROOTS 357 

The results of electrophoresis were recorded photographically and, for the aging studies, 
photographs of the starch gels were scanned with a Chromoscan densitometer. The PGM 
activity was estimated semiquantitatively since it was not possible to make allowance for 
the different sizes of hair roots. 

Results 

Plucked Hairs 

Of the five enzymes chosen for study PGM seemed to be present in greatest quantities 
in hair roots. Starch-gel electrophoresis of single plucked hair roots with either complete 
or fragmentary outer root sheaths produced isoenzyme patterns in accordance with the 
PGM type obtained with red cell lysates from the same individuals. The PGM isoenzyme 
patterns obtained from single hair roots are shown in Fig. 1. In all, 71 hair roots from 34 
individuals were grouped successfully. Of these donors, 19 were PGM Type 1, four PGM 
Type 2, and 11 PGM Type 2-1. Most of the PGM activity appeared to be in the outer root 
sheath, and the intensity of the bands of activity obtained on electrophoresis depended on 
the amount of follicular tissue adhering to each hair root. On five occasions no PGM 
activity was present despite the fact that fragments of sheath could be seen on these hair 
roots. 

Adenylate kinase, adenosine deaminase, and esterase D activities were also detected in 
plucked hair roots and behaved in the same way on starch-gel electrophoresis as the red 

FIG. 1--Starch-gel electrophoresis of PGM from single plucked hair roots: (a) PGM 2-1, (b) and 
(c) PGM 1, and (d) PGM 2. 
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cell enzymes from the same individuals. These enymes seemed to be present in much 
smaller quantities than PGM, and activity could not be detected in hair roots bearing only 
fragments of outer sheath. Acid phosphatase activity was found to be present in 
hair roots but produced isoenzyme patterns different from those obtained on starch-gel 
electrophoresis of erythrocyte acid phosphatase. 

Brushed Hairs 

Attempts to type PGM in the roots of brushed hairs with varying amounts of outer root 
sheath adhering to them were mostly unsuccessful. Out of a total of 68 hairs from three 
donors in which PGM typing was attempted, only 2 had sufficient enzyme activity to 
enable identification of the PGM type and a further 2 had slight activity that was insuf- 
ficient to enable typing. In approximately half of these hair roots a small amount of PGM 
activity could be seen at the point of application of the hair root to the starch gel. 

Aging Studies 

It was possible to identify PGM types in plucked hair roots that had been stored in a 
dry condition at room temperature for up to six weeks (Table 1) when hairs with large 
amounts of sheath material were used. With increasing periods of storage, a greater part 
of the PGM activity remained at the origin and failed to migrate on electrophoresis (Fig. 
2). A more rapid decrease in PGM activity in hair roots stored at 37~ was observed, but 
storage in a moist chamber at 37~ almost completely eliminated POM activity after a 
period of two days. 

D i s c u s s i o n  

Although enzyme activity in hair roots was detected for each of the five enzymes con- 
sidered, only PGM seemed to be present in sufficient quantities to enable typing of plucked 
hairs. The reason for the presence of relatively large amounts of PGM activity in the outer 
root sheath is not clear. It may be associated with the large amounts of glycogen found in 

TABLE 1--Activity of PGM in hair roots stored in a dry condition at room temperature. 
Plucked hair roots bearing relatively large amounts of  outer root sheath were selected. 

Donor PGM Type Period of Storage, days PGM Activity 

A 1 0 + + +  
A 1 4 + + +  
A 1 8 + + +  
A 1 i0 + + 
A 1 15 + + 
A 1 29 + + 
A 1 39 + 
A 1 40 + 
B 1 0 + + +  
B 1 3 + + +  
B 1 10 + + 
B 1 45 + + 
C 2 0 + + +  
C 2 3 + + +  
C 2 10 + + 

a~t- + + 
+ +  

+ 

= PGM activity approaching maximum seen from a single hair root. 
= Sufficient activity remaining to be easily typed. 
= Only just possible to type. 
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FIG. 2--Densitometer tracings of  starch gel electrophoresis of  PGM from single hair roots stored at 
room temperature, in a dry condition, for (a) 0 days, (b) 15 days, (c) 29 days, and (d) 40 days. 
Plucked hair from a PGM-1 donor was used. 

the outer root sheath, since PGM catalyzes the interconversion of glucose-l-phosphate and 
glucose-6-phosphate, an important step in glycogen metabolism. 

Very low levels of PGM activity were detected in brushed hairs when compared with 
plucked hair roots of similar age and with comparable amounts of sheath material. This 
great reduction in activity may be attributed to a difference in growth phase between 
plucked and brushed hairs, although all hairs with outer root sheaths may be considered 
to be in the anagen phase [8]. It is possible that only hairs reaching the end of their ana- 
gen phase are dislodged by brushing and PGM activity in the root sheaths may be reduced 
naturally in these hairs. However, Adachi and Uno [9] found little difference in enzyme 
levels in sheath cells of anagen and telogen hairs, although PGM was not included in their 
study. 

Alternatively, the difference in PGM activities may be due to the environment of the 
root after removal from the scalp. It was shown that increased temperature and humidity 
rapidly reduced the amount of PGM activity. It is conceivable that the roots of hairs col- 
lected by brushing may have been detached from the scalp at an earlier date, and the hair 
remained trapped within the mass of hair until removal some time later. The hair root 
would then be maintained in conditions of temperature and humidity higher than the 
storage conditions used for plucked hair roots, accounting for the rapid deterioration of 
PGM in hair roots collected by brushing. 
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Of the other enzymes detected in hair roots, adenylate kinase, adenosine deaminase, 
and esterase D were present in insufficient quantities to make typing of hair roots a practi- 
cal proposition with present techniques. 

At present PGM typing of hair is limited to plucked hair roots bearing at least a frag- 
ment of outer root sheath. Analysis of PGM types may therefore find application in 
hair samples obtained from certain crimes of violence when hair has been removed forcibly 
from the scalp. Since single hair roots may be grouped, the technique could be used to es- 
tablish the identity of individual hairs in a mixed sample. 

Summary 

Sufficient phosphoglucomutase activity was found to be present in plucked hair roots 
bearing either fragmentary or complete outer root sheaths to enable typing of individual 
roots by starch-gel electrophoresis. Hair roots collected by brushing were found to contain 
very little PGM activity. Other isoenzyme systems were detected in hair roots but in insuf- 
ficient quantities to make typing feasible. 
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