Acta Dermatovener (Stockholm) 53: 449452, 1973

NUCLEIC ACIDS ENZYMES IN HUMAN HAIR ROOTS!
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Abstract. To investigate the metabolic pathways connected
with nuclcoprotein and nucleic acid synthesis and degrada-
tion in human hair root, several enzymatic activities were
investigated. Microbiochemical assays were performed on
few hair roots. The reported results indicatc a high tissue
concentration of deoxycytidylate aminohydrolase, an en-
zyme known to be connected with DNA synthesis. Among
the cnzymes involved in the catabolic pathway, ribonu-
clcase, acid deoxyribonuclcase, phosphodiesterase, acid
phosphatase and nucleoside phosphorylase werc also found
to be active. Regarding the mechanism of purinc de-
gradation, xanthine oxidase was also demonstrated and
found very active at pH 8.8. The data reported strengthen
the previous hypothesis that high levels of keratin in the
hair arc rclated to high concentrations of nucleic acid
catabolic enzymes.

Multiplication of the hair matrix cells depends on
the active synthesis of nucleoproteins. Accord-
ingly, the bulb cells’ content of DNA and RNA
is related to mitotic activity and keratin synthesis.
During cell differentiation this process is followed
by nucleic acid degradation while keratinized
structures are built. Thus, in the hair follicle,
nuclear material disappears when keratin is syn-
thesized. RNA is present in the hair cortex up

! ‘The experiments reported in this paper were communi-
cated at the 1st Annual Meeting of the Europcan Socicty
for Dermatological Rescarch, Noordwijk-aan-zee, 1971.

Abbreviations:

ADP = adcnosine diphosphate

ATP adenosine triphosphate

dCMP = deoxycytidine monophosphate

7.8-DHF = 7,8-dihydrofolate

DNA = deoxyribonucleic acid

DNase = dcoxyribonuclease

dUuMPp = deoxyuridine monophosphate

dYTP dcoxyadenosine, deoxycytidine, deoxy-
guanosine and thymidine tri-
phosphates

5,10-me-THF = 5,10-methylenyltetrahydrofolate

PP pyrophosphate

RNA = ribonucleic acid

RNase = ribonuclease
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to the limit of the keratogenous zone, whereas
the DNA content gradually decreases in the dif-
ferentiating cells; the latter is in fact detectable
up to the keratogenous zone or middle portion of
the follicle.

Nuclear 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, the latter have been identified (15) as
frec bases, nucleosides and nucleotides.

Nevertheless, the degradation pathways have
not yet been fully charted and no investigations
have been made on the enzymes involved in the
synthetic as well as in the catabolic pathways of
nucleic acids in hair formation. In particular,
the final step in purine oxidation to uric acid is
open to question, since the presumably involved
cnzyme—xanthine oxidase—had not been found
at all in human epidermis (6, 20).

In the present work some key enzymes con-
nected with nuclcic acid synthesis and breakdown
were investigated, with particular reference to
xanthine oxidase, whose occurrence would eluci-
date the manner of uric acid formation in ter-
minal hair.

material

MATERIAL AND METHODS

All rcagents were of analytical reagent grade. dCMP,
DNA, RNA, p-nitrophenylthymidine-5’-phosphate, hypo-
xanthinc and inosine werc purchased from Calbiochecm
(USA). Hair root extracts were prepared according to a
mcthod previousty published (15): hairs from the paricto-
occipital region of healthy Caucasoid subjects were ob-
tained by manual depilation with specially designed for-
ceps. Growing hairs were used in all experiments. The
roots were separated from the hair just above the kcrato-
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Table 1. Specific activities of the enzymes tested

Specific activity

Enzyme (U/mg protein)
A. Dcoxycytidylate
aminohydroluse 1.9
B. RNase 0.35
C. DNase 11 570
B. Phosphodiesterase 0.5
E. Acid phosphatasc 4
F. Nucleoside phosphorylase 18
G. Xanthine oxidasc 800

genous zonc under a dissecting microscope. In cach ex-
periment approximately 200 pooled hair roots were used.
Buffers were chosen according to the cnzyme to be tested.
Homogenization was performed in conical glass micro-
homogenizers (17). Ccntrifugation was carried out in a
MISCO microcentrifuge. Determinations were made on
5 10 20 xl aliquots of extracts.

dCMP aminohydrolase was dctermined according to
Scarano ct al. (19); ribonuclease according to Kunitz (8);
acid deoxyribonuclease according to Bernardi ¢t al. (2)
and phosphodiesterase according to Razzel & Khorana
(12) using as substrates p-nitrophenylphosphate (pH 8.0)
and p-nitrophenyl-thymidinc-5‘-phosphate (pH 9.2). Nu-
cleoside phosphorylase was determined by the method of
Kalckar (7) and xanthine oxidase according to a proce-
dure modified from Roussos (13).

Absorbances were dectermined on a Beckman DK2A
recording spectrophotometer cquipped with a microattach-
ment and a thermostatic chamber. Proteins were estimated
by the mcthod of Lowry et al. (9) using crystalline bovine
serum albumin as standard.
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RESULTS

The results reported in Table I represent the aver-
age values obtained from three separate experi-
ments. Enzymatic activities were measured ac-
cording to the reported procedures. Only xanthine
oxidase activity was determined with a procedure
especially developed from the method of Roussos
(13): enzyme actlivity determination fellowing an
incrcase in absorbancy at 290 nm upon the aero-
bic 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 inactivation of the enzyme at low protein
concentrations.

DISCUSSION

b

Fig. 2 summarizes the hypothesized pathway of
nucleic acid catabolism (14). Specific activities of
these enzymes in the hair root are indicated in
Table 1: here too is reported the specific activity
of dCMP aminohydrolase (EC 3.5.4.5.). which 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 active metabolism of nucleic acids in hair
roots. In our experiments, the specific activity
of deoxycytidylate aminohydrolase was very high.
This cnzyme catalyses the deamination of dCMP

Fig. 1. Spectrophotometric determination of
xanthine oxidase activity in hair root. The
assay solution had the following composi-
tion: 60 gl glycine buffer 1M, pH 8.8;
10 x«l hypoxanthine solution (2.58 mM
in glycine buffer 0.05 M, pH 88); 5 ul
(A) or 10 gl (B) enzyme in 140 pl of
bovine serum albumin (0.7 mg/ml); metal-
free water to 250 gl. The solution was
incubated at 37°C and the enzyme added
at 0 time. Increase in absorbancy was fol-
lowed at 29C nm. One unit of cnzyme is
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defined as that amount which, under the
above conditions, catalyses an incrcase in
absorbancy of 0.001 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 11 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, but its activity was apparently
not as high as that of the other tested enzymes.

Nucleoside 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, purincs
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
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Fig. 3. Scheme of dCMP puthway 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 (I, 3, 20), but not at all in
human epidermis (6, 20), even with experiments
using labeted 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 man of xanthinc ox-
idase, together with the [inding 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 agreement with the gen-
eral catabolic pathway of nucleic acids.
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