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NUCLEIC ACIDS ENZYMES IN HUMA HAIR ROOTS1 
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Abstract. To in,c,ligate lhc metabollc pathways connectcd 

"ith nuclcoproteln and nuclcic acid S) nthesis and degrada­

tion in human hair root, scveral enLymatic activities wcrc 

investigated. Microbiochcmical assays were pcrformcd on 

few hair roots. The rep0rtcd re,ulls indicatc a high tissue 

conccntralion of deo;-.yc) tidylate aminoh)drola,e, an en­

zyme known lo be connectcd with DNA synthesis. Among 

lhe cnzymes involved in thc catabolic pathway, ribonu­

clease, acid deo,yribonuclease, phosphodiesterase, acid 

pho,phatase and nucleoside phosphorylase werc also found 

lo be activc. Rcgarding lhe mechanism of purine dc­

gradalion, xanthine o,ida,e was also demonstrated and 

found ,ery acli\'e al pH 8.8. The dala reportcd strengthcn 

the prcvious hypothesis lhat high levets of keratin in the 

hair arc related to high concentralions of nuclcic acid 

catabolic enzymes. 

Multiplication of the hair matrix cells dcpends on 

the active synthesis of nucleoproteins. Accord­

ingly, the bulb cells' content of DNA and RNA 

is related to mitotic activity and keratin synthcsis. 

During cell differentiation this process is followed 

by nucleic acid degradation while kcratiniicd 

struclures are built. Thus, in the hair folliclc, 

nuclear material disappears when keratin is syn­

thesized. RNA is present in the hair cortex up 

1 The experiments reporlcd in this paper wcre communi­

cated at the ht Annual Meeting of the Europcan Socicty 

for Dermatological Research, Noordwijk-aan-1.,ec, 1971. 
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29-732806 

dco,yribonuclease
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dcoxyadenosine, deoxycytidine, deoxy­

guanosine and thymidine tri­

phosphate,
5, 10-methylcnyllelrahydrofolatc

- P)rophosphatc

ribonucleic acid

- ribonuclease

to lhe l.imiL of the keratogenous zone, whereas 

the DNA content gradually decreases in the dif­

ferentiating cells; the latter is in fact detectablc 

up to the keratogenous zone or middle portion of 

the follicle. 

Nuclear material breakdown is seemingly 

caused by nucleases and related enzymes: histo­

chemical studies have already demonstrated (5, 

11, 21) that in the hair root, as also in epidermis, 

there are detectable activities of enzymes belong­

ing to pathways of nucleic acid degradation. 

Moreover, thc latter have becn identified (15) as 

frec bases, nucleosides and nucleotides. 

Nevertheless, the degradat.ion pathways have 

not yet been fully charted and no investigations 

havc been made on the enzymes involved in the 

synthetic as well as in the catabolic pathways of 

nucleic acids in hair formation. ln particular, 

the final step in purine oxidation lo uric acid is 

open to question, since the presumably involved 

cnzyme-:xanthine oxidase-had not been found 

at all in human epidermis (6, 20). 

ln the present work some key enzymes con­

nectecl with nuclcic acid synthesis and breakdown 

were investigated, with particular reference to 

xanthine oxidase, whose occurrence would eluci­

datc the manner of uric acid formation in ter­

minal hair. 

MATERIAL AND METHODS 

All rcagents were of analytical rcagcnt grade. dCMP, 

DNA, RNA, p-nitrophcnylthymidine-5'-phosphatc. hypo­

xanthinc and inosine werc purchased from Calbiochcm 

(USA). Hair root extracls "ere prcpared according lo a 

mcthod previously publishcd (15): hairs from lhe paricto­

occipital region of healthy Cauca,oid subjccls were ob­
taincd by manual depilation "ith speciatl) designed for­

ceps. Growing hairs were used in all experiments. The 

roots were separated from the hair just abovc the kcrato-
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Table I. Specific aclivities of the e11:ymes tested 

l:nzyme 

A. Deoxycytidylate
aminohydrolasc

8. RNasc
C. DNase Il
D. Phosphodiesterasc 
E. Acid phosphata,c
F. Nucleo,ide phosphorylase 
G. Xanthine oxidase

Spccific activity 
(U/mg protein) 

1.9 
0.35 

570 
0.5 
4 

18 
800 

gcnou� zonc under ,1 dissecting microscope. 1n cach ex• 
pcrirneni approximatcly 200 pooled hair roots wcrc used. 
Burfers wcre chosen according to the enzyme 10 be lested. 
Homogenization was performed in conical gla� micro• 
homogeni(.ers (17). Ccmrifugation was Cdrried ou1 in a 
MISCO microcentrifuge. Determination, were made on 
5 to 10 I' I aliquots of extracts. 

dCMP aminohydrolase wa� dctermined according to 
Scarano cl al. (19); ribonuclca:,e according to Kunitz (8); 
acid deoxyribonuclea;e according lo Bcrnardi ct al. (2) 

and phosphodiestera'>C according to Raael & I< hor ana 
( 12) using as substrates p-nitrophen} lphosphate (pH 8.0) 
and p-nitrophenyl-thymidinc-5'-phosphatc (pH 9.2). Nu­
cleoside phosphorylase was detcrmined by the method of 
Kalckar (7) and xanthine 0\idase according to a proce­
durc modificd from Roussos (13). 

Absorbances were deterrnined on a I.leckman DK2A 
recording spectrophotometer cquipped with a microattach­
ment and a thermostatic chamber. Proteins were cstimated 
by the mcthod of Lowry et al. (9) using crystalline bovinc 
serum albumin as standard . 
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RESULTS 

The results reported in Table I represent the aver­

age valucs obtained from three separate experi­
ments. Enzymatic activities were measured ac­

cording to the rcported procedures. Only xanthinc 

oxidasc activity was detcrmined with a procedurc 

especially developed from the method of Roussos 

(13): enzyme activity determination following an 

increase in absorhancy at 290 nm upon the aero­
hic oxidation of hypoxanthine to uric acid (Fig. 

1 ). The incubation mixture contained only metal­

free water. Albumin was added in order to mini­

mize the inacti,•ation of the enzyme at low protein 
concentrations. 

DISCUSSI01 

Fig. 2 summarizes the hypothesized pathway of 

nucleic acid catabolism (14). Spccific activities of 

these enzymes in the hair root are indicated in 

Table T: here too is reported thc specific activity 

of dCM P aminohydrolase (EC 3.5.4.5.). "hich ap­
pears to play an important role in the regulation 
of the pool of deoxynucleotides in higher organ­
isms (Fig. 3). 

Data set out in Table I suggest the existence 

of an aclive metabolism of nucleic acids in hair 

roots. In our experiments. the specific activit) 

of deoxycytidylate aminohydrolasc was very high. 
This cn7yme catalyscs the deamination of dCMP 

8 

A 

25 30 

Fi11. 1. Spectrophotomctric determination of 
>.anthine o,idase acthity in hair root. The 
a,sa) solution had the following composi-
1ion: 60 ,,1 glycine buffer I M, pH 8.8; 
10 µI hypoxanthine solmion (2.58 mM 
in gl> cine buffer 0.05 M. pH 8.8); 5 11 I 
(A) or 10 /tl (B) enL} me in 140 µI of
bovinc serum albumin (0.7 mg/ml); metal•
free water to 250 11I. The solution was
incubated al 37•C and the enz)mc added
at O lime. lncrease in absorbancy was fol­
lowcd at 290 nm. Onc unit of cnzyme is 
defincd as that amount which, under thc
abo\ c conditions, ca ta lyses an incrcase in 

absorbancy of 0.00 I per 30 minutes. 
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Fig. 2. Scheme of nucleic acid catabolism. 

to dUMP (18), thus providing the substrate for 
TMP synthesis (Fig. 3). It is subject to a mechan­
ism of feedback regulation by the end-products of 
the nucleotide metabolic pathway, thus playing a 
physiologically central role in DNA synthesis, and 
is therefore abundant in actively multiplying tis­
sues. The specific activity of deoxycytidylate 
aminohydrolase in human hair root is roughly 
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twice that previously demonstrated (10) in the 
epidermis. 

RNase and DNase II also showed values which 
appeared slightly elevated, when compared with 
those found in human epidermis (16), though as­
sayed by a different method. 

The exonuclease phosphodiesterase was also 
found to be active, hut its activity was apparently 
not as high as that of the other tested enzymes. 

Nltcleoside phosphorylase and acid phosphatase 
were also found to be quite active; these enzymes 
catalyse the final stage of the catabolic pathway 
of nucleic acid derivatives formed by nucleases. 
Epidermal acid phosphomonoesterase has, as a 
matter of fact, a strong affinity towards mono­
nucleotides (14). 

Xanthine oxidase was also demonstrated and 
found very active at pH 8.8; no activity was de­
tectable in Tris-HCI buffer at pH 7.2 nor in phos­
phate buffer at pH 7.0. 

We previously found (15) in terminal hair (by 
thin layer chromatography technique) various 
catabolic products of nucleoproteins. Besides 
amino acids, ribose and deoxyribose, we identi­
fied nucleotides, nucleosides, pyrimidines, purines 
and their catabolic products, i.e. hypoxanthine, 
xanthine and uric acid. Enzymatic data presented 
in this paper show how these compounds are 
formed. It can be inferred that, during hair kera­
tinization, nucleic acid degradation follows the 
catabolic routes accepted for other tissues, includ­
ing epidermis. However, nucleic acids are only 
partly degraded to bases. 

As far as purines are concerned, hypoxanthine, 
xanthine as well as uric acid are detectable in 
the keratinized structures. The results reported 

fi,O NH3 
5,10-me-THF 7,8-DHF 

'-- / 1 2'-deoxyuridine- _/ 2' deoxycytidine-
5'-phosphate dCMP 5'-phosphate 

.lm1noh !fd ror,;1 se 
thym1dylate synthetase 

(DNAln.1 

pp prrmer DNA (DNA>n 
'\,_ dYT� / 

(�Mq•� 
DN/\ 1rncleot1dyl 
trans.fc-rases 

Fig. 3. Scheme of dCMP palhway to DNA. 
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allow us to state that uric acid formation is ac­

counted for by xanthine oxidase in hair roots. 

This enzyme had been already found in the skin 

of some animals (1, 3, 20), but not at all in 

human epidermis (6, 20), even with experiments 

using labeled hypoxanthine. On the basis of thesc 

data it had been suggested that uric acid in hair 

could derive from the general pool, in agreement 

with a supposed excretory mechanism of uric acid 

through the hair (4). 

The occurrence also in rnan of xanthinc ox­

idase, together with the finding that uric acid 

content in keratinized structures is in the order 

of magnitude of precursors (15), finally explains, 

in our opinion, uric acid formation in the hair. 

This, furthermore, is in agreernent with the gen­

eral catabolic pathway of nucleic acids. 

REFERENCES 

l. Al-Kahlidi, U. A. S. & Chaglassian, T. H.: The species
distribution of xanthinc oxidase. Biochem J 97: 318,
1965.

2. Bernardi, G., Bernardi, A. & Chersi, A.: Studies on
acid hydrolases. T. A procedure for the preparation 
of acid dcoxyribonucleasc and other acid hydrolases. 
Biochim. Biophys Acta 129: I, 1966.

3. Block, W. D. & Johnson, D. V.: Factors influencing 
xanthine oxidase activity in rat skin. Arch Biochem 
Biophys 56: 137, 1955. 

4. Bolliger, A. & Gross, R.: Ammonia. urea and uric
acid content of toenails in rena) insufficiency and 
gout. Austr J Exp Biol 31: 385, 1953. 

5. Braun-Falco, 0.: The histochcmistry of hair folliclc. 
In The Biology of Hair Growth (cd. W. Montagna
and R. A. Ellis), pp. 73-74. Academic Press, New 
York, 1958. 

6. De Bersaques, J.: Purine and pyrimidine metabolism
in human epidermis. J Invest Dcrm 48: 169, 1967.

7. Kakkar, H. M.: Differential spectrophotometry of 
purine compounds by means of specific enzymes. I.
Determination of hydroxypurine compounds. J Bio! 
Chem 167: 429, 1947.

8. Kunitz, M.: A spectrophotometric method for the 
measurement of ribonuclease activit). J Bio! Chcm 
164: 563, 1946. 

9. Lowry, 0. H., Rosebrough, N. J., Fart, A. L. & Ran­
dall, R.. J.: Protein mcasurement with the Folin phcnol
reagent. J Bio! Chem 193: 265, 1951.

Acta Dermatove11er (Stockholm) 53 

10. Mangoni di S. Stefano, C., Santoianni, P. & Bru­
nese, M.: Dcossicitidilato aminoidrolasi in tessuto cu­
laneo umano normale e patologico. Rass Derm Sif

19.· 369, 1966.
11. Moretti, G. & Mescon, H.: Histochemical distribu­

tion of acid phosphatascs in normal human skin. 
J lnvest Derm 26: 347, 1956. 

12. Razzel, W. E. & Khorana, H. G.: Studies on poJy.
nucleotides. 111. Enzymic degradation. Substrate speci­
ficity and properlies of snake venom phosphodi­
esterase. J Bio! Chem 234: 2105, 1959.

13. Roussos, G. G.: Studies on a hypoxanthine oxidase 
from bovine small intestine. Biochim Biophys Acta 
73: 338, 1963.

14. Santoianni, P. & Biondi, C.: Altivita yerso nucleo­
tidi della fosfatasi acida dell'epidermide umana. Giorn
ltal Derm 105: 637, 1964.

15. Santoianni, P. & Mangoni di S. Stefano, C.: Nucleo­
proteins and their catabolic products within the hair.
Symposium on Biopathology of Pattern Alopecia (Ra­
pallo, 1967), p. 82. Karger, Basel, 1968. 

16. Santoianni, P. & Rothman, S.: Nucleic acid splitting
enzymes in human epidermis and their p0ssiblc role
in keratinization. J lnvest Derm 37: 489, 1961.

17. - Deoxyribonucleic acid microdetermination in hu­
man epidermis. J lnvest Derm 40: 317, 1963.

18. Scarano, E., Bonaduce, L. & De Petrocellis, iB.: The
enzymatic deamination of 6-aminopyrimidine deoxy­
ribonucleotides. 11. Purification and properties of a
6-a m i nopyrim idine deoxyribonucleoside-5' -phospha te
deaminase from unfertili1,cd eggs of sea urchins. J
Bio! Chem 235: 3556, 1960.

19. Scarano, E., Geraci, G. & Rossi, M.: Deoxycytidylate 
aminohydrolase. lI. Kinetic properties. The activatory 
effect of deoxycytidine triphosphate and the inhibi­
tory effect of deoxythymidine triphosphate. Bio­
chemistry 6: J 92, 1967.

20. Schwarz, E.: Untersuchungen zum Schicksal der aus
Nucleinsäuren bcim Zcllabau während der epider­
malcn Kcratinisation freiwerdenden Purine. Arch 
Klin Exp Derm 216: 427, 1963. 

21. Spier, H. W. & Van Ganeghem, P.: Zur Histochcmic
dcr Verhornung. Arch Klin Exp Derm 206: 344, 1957.

Received March 21. 1973 

P. Santoianni, M.D. 
Dermatologic Clinic 
1st Facully of Medicine
University of Naples
Piazza Luigi Miraglia 
Naples (321) 
Italy 


