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Experimental methods. All investigations were carried 
out  on 3-month old Agnes-Bluhm white mice. The hair of 
the skin was plucked off with a mixture  of wax and 
colophony, 

1. Removal o[ the epidermis. (a) Scraping method. The 
incised depilated skin is stretched fur side up and the 
epidermis scraped off with sharp safety razor. (b) Heat 
methodL The skin is placed with corium downwards on a 
metal  plate and heated 2 min at  50 ° =b 0"5°C. The epi- 
dermis is then removed by means of a blunt  scalpel. (c) 
Citric acid method. This procedure, elaborated by us, leads 
to a spontaneous separation of the epidermis as a whole 
layer. The sacrificed and depilated animals are injected 
subcutaneously in the back region with 20 ml of ice cold 
2% citric acid, the needle being introduced through the 
tail in order to avoid the flow out of the solution. The in- 
jected mice are kept in the refrigerator at  1-2°C for 2 h 
and then the epidermis is separated from the dermis as 
an intact  layer. The epidermis separated by this method 
manifests a considerable O2-consumption. (d) Trypsin 
method ~. The incised and depilated skin is incubated at  
37°C for I h in 0.5% solution of trypsin in phosphate 
buffer with pH 7.8. The epidermis is then scraped off with 
a blunt  scalpel. 

2. Nucleic acid estimation. The separated epidermis is 
immediately placed in ice-cold absolute alcohol. After 
changing the alcohol, the material  is t reated twice with 
ether and dried at  37°C overnight. The estimation of NA 
was then carried out spectrophotometrically according to 
our two-wave-length method as which eliminates the ultra- 
violet absorbing contaminants.  The results are expressed 
in mg of phosphorus per 100 g of dried delipidated tissue. 

3. Histological and histochemical controls. In  order to 
est imate morphologically the degree of separation of the 
epidermis, as welt as the modifying action of the different 
procedures o n the cytochemically detected NA, the sepa- 
rated epidermis and dermis were fixed 40 rain in the Helly 
fixative and paraffin sections were stained with Unna 's  
methylgreen-pyronine. 

Results and discussion. The highest values for the NA 
content  are obtained (Table) when the epidermis is re- 
moved by scraping or by the heat  procedure, both methods 
giving the same values: :t93 mg% R N A - P  and 270 rag% 
DNA-P,  the quot ient  R N A / D N A  varying between 0-70 
and 0-75. The NA content  of epidermis separated by 
means of citric acid is considerably decreased -- 25% for 
RNA and 33% for DNA, which increases slightly the quo- 
t ient  RNA/ DNA to 0.84. Lowest values are obtained by 
the trypsin method, the RNA content  being 31% and the 
DNA content  43% lower in comparison with the data  
from the first two methods. 

The lower values obtained by the last two methods can 
be explained by the incomplete separation of the epider- 
mis cells and by the part ial  extract ion of cellular compo- 
nents including NA. As our histological observations have 
shown, the scraping removes completely the epidermis 
cells, the quant i ty  of dermis being negligible. The using 
of a blunt  instrument  by the heat  procedure removes all 
epidermal cells too, but  yields pure epidermis without  any 
traces of the corium. The citric acid separates an intact  
layer of epidermis, but  here and there groups of basal 
epidermal cells rich in NA remain on the dermis. The most  
incomplete m e t h o d  is the separation of epidermis with 
trypsin, a considerable amount  of basal cells remaining 
with the dermis. 

The cytochemical  detection of NA reveals no visible 
extract ion of NA by  all four methods used. Additional 
biochemical investigations have shown, however, tha t  in 
citric acid solution a significant amount  of substances 
including NA can be extracted. 

Separation 
method 

Scraping 
Heat 
Citric acid 
Trypsin 

I Rep- 
licates 

7 
14 
6 
7 

RNA-P* 

196 ± 8 
191 ~k: 4 
148 i 4 
134 4- 7 

DNA-P~ 

262 -I- 11 
275 -4- 7 
178 ::[: 11 
153 :j: 6 

RNAIDNA 

0.75 ~ 0.03 
0.70 ± 0.02 
0.84 :t: 0.03 
0.88 i 0.06 

Expressed as mg of phosphorus per 100 g of dry delipidated 
epidermis. 

Compared with some literature data  zg, our values for 
RNA and DNA in epidermis removed by the heat  proce- 
dure are high, which indicates tha t  other chemical me- 
thods lead to loss of NA too. The higher  quot ient  R N A /  
DNA (1-44) obtained by the authors cited is due to the 
contaminants  interfering with NA est imation when the 
classical Schmidt-Thannhauser or Schneider procedures 
are used xs. 

I t  is obvious from these data  that ,  for NA estimation, 
only the scraping method especially combined with the 
heat  procedure are suitable for isolation of the epidermis. 
Separation by chemical reagents or enzymes may  in- 
fluence considerably the NA content  of the epidermis. 

R. G, TSANEV and G. G. MARKOV 

Department o/ Cytology and Cytochemistry, M.  Popo// 
Institute o/Biology, Bulgarian Academy o/Sciences, Sofia 
(Bulgaria), March ld, 1960. 

Rdsumd 

Des 6tudes comparatives ont  6t6 effectu6es sur le con- 
tenu en AN de l '6piderme de souris blanches s6par6 du 
derme par quatre m6thodes diff6rentes. Ce n 'est  que la 
m6thode m6canique (scraping method) et la m6thode 
chaud de BAUMBERGER et al. ?, qui se sont montr6es con- 
venables pour les d6terminations quant i ta t ives  des AN. 

a8 R. TSA~EV and G. G. MARKOV, Biochim. biophys. Acta, in 
press (1960). 

ag M. HOLL6 and Sz. ZLATAROV, Z. Krebsforsch. 60, 624 (1955). 

D e m o n s t r a t i o n  o f  A l i i n a s e  
in  a P r o t e i n  P r e p a r a t i o n  f r o m  O n i o n  

The recent identification of the major sulfur-containing 
volatiles of macerated onion as alkyl disulfides t plus the 
observation by VILKKI 2 tha t  ammonia and pyruvate  are 
released from an amino acid isolated from onion in the 
presence of onion juice suggests the presence in onions of 
an enzyme similar to the garlic alliinase of STOLe and 
S~.EBECK a capable of hydrolyzing S-alkyl-L-cysteine sul- 
foxides to the corresponding alkyl esters of alkyl thio- 
sulfinic acids, ammonia, and pyruvate.  Recent ly  VIR- 
TANEN and MATIKKALA ~ have isolated from onion the sul- 
foxides of both S-methyl and S-propyl cysteine. 

1 j .  F. CARSON and F. F. Wo~G, in press (1969). 
2 p. VIL~:Kx, Suomen Kemistilel~ti 27, 21 (I954). 
8 A. STOLL and E. S~BECK, Adv. Enzymol. 11, 377 (1951). 
4 A. I. VmTANEN and E. J. MATIKKALA, Acta chem. Scand. 13, 

1898 (1959). 
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A l t h o u g h  garl ic  a l l i inase was  f i rs t  p r e p a r e d  11 years  ago 
b y  STOLL a n d  SEEBECK, no  de s c r i p t i on  of i t s  i so la t ion  
f rom t h e  r e l a t ed  species,  on ion ,  h a s  p r e v i o u s l y  been  re-  
po r t ed .  The  p r e s e n t  p a p e r  fo rwards  evidence t o  s u p p o r t  
t h e  occur rence  of such  a n  e n z y m e  in a so luble  p r o t e i n  f rac-  
t i o n  of on ions  w h i c h  was  p r e p a r e d  as  a n  acetone,  p o w d e r  
f rom a n  0 -75 - sa tu ra t ed  a m m o n i u m s u l f a t e - p r e c i p i t a t e d  
f r ac t ion  o b t a i n e d  f rom t h e  s u p e r n a t e  of t h e  h o m o g e n a t e  
of peeled c h o p p e d  onions .  T h e  h o m o g e n a t e  was  p r e p a r e d  
b y  b l e n d i n g  for  30 s 250 g of t i s sue  w i t h  150 m l  0-3 M 
sucrose  in  0-2 M p h o s p h a t e  buf fer ,  p H  6-8, a t  4°C. 

The  course  of  e n z y m a t i c  p r o d u c t i o n  of  p y r u v a t e  f r o m  
a s y n t h e t i c  p r e p a r a t i o n  of ( : ] : ) -S-propyl -L-eys te ine  sulfo- 
x ide  is s h o w n  in  t h e  Figure .  A t  p H  8.4 in t he  p resence  of  
p y r o p h o s p h a t e  buf fe r  a n d  p y r i d o x a l  p h o s p h a t e  (condi-  
t ions  for  o p t i m a l  ac t iv i ty ) ,  t he  r e a c t i o n  p roceeds  r a p i d l y  
for t h e  f i r s t  10 m i n  a n d  20% hydro lys i s  to  p y r u v a t e .  T h e  
r e a c t i o n  t h e n  proceeds  a t  a s lower  r a t e  to  a b o u t  70% in 
18 h. The  Michael is  c o n s t a n t  for  t h i s  s u b s t r a t e  was  f o u n d  
to  be  equa l  to  5 × 10 -a M .  Th i s  b i p h a s i c  m o d e  of t h e  
course  of file . react ion is p r o b a b l y  due  to t h e  obse rved  dif- 
ference in t h e  r a t e s  of hyd ro lys i s  b e t w e e n  t h e  ( + )  a n d  
(--) f o rms  of t h e  s u b s t r a t e .  T h e  ( + )  fo rm of S-propyl-L-  
cys te ine  is also h y d r o l y z e d  f a s t e r  t h a n  ( + ) - S - m e t h y l  a n d  
(4- ) -S-a l ly l  cys t e ine  sulfoxide.  N e i t h e r  t h e  c o r r e s p o n d i n g  
S-a lkyl -L-cys te ines  n o r  cycloal l i in  5 are  hyd r o l yzed .  A t  
p H  4.9, t h e  r e a c t i o n  p roceeds  s lowly  a n d  t e r m i n a t e s  a t  
a b o u t  4 %  hydro lys i s ,  t h u s  i l l u s t r a t i n g  t h e  i n s t a b i l i t y  a n d  
low a c t i v i t y  of t h i s  e n z y m e  a t  t h i s  pH .  

The  r e a c t i o n  m i x t u r e  ( ' E x p e r i m e n t a l '  9.1 rot) a t  p H  8-4 
a n d  37°C in  0.07 M p y r o p h o s p h a t e  c o n t a i n e d  200 g3V/of 
a m i n o  ac id  (see Fig.) ,  5 izM of p y r i d o x a l  p h o s p h a t e ,  a n d  
18-1 m g  of  d ia lyzed  e n z y m e  p r o t e i n  n i t r o g e n  in  a c losed 
T h u n b e r g  t u b e  c o n t a i n i n g  1.4 m l  of 1 N HC1 in  t h e  s ide 
a rm .  T h e  r e a c t i o n  was  t e r m i n a t e d  b y  a d d i t i o n  of t h e  ac id  
in t h e  s ide a r m ,  c en t r i f uged  a n d  s to red  a t  --  26°C. ' B l a n k '  
was  i den t i ca l  w i t h  ' E x p e r i m e n t a l '  e x c e p t  t h a t  a m i n o  ac id  
a d d e d  a f t e r  a d d i t i o n  of FIC1. A m i n o  acid  w as  d e t e r m i n e d  
b y  t he  m e t h o d s  of KORNBERG a n d  PATEY s a n d  I~OSEN 7., 
p y r u v a t e  b y  t h e  m e t h o d  of KACHMAR a n d  BOYERS; am -  
m o n i a  b y  t h e  m e t h o d  of BROWN et al. 9; t h i o s u l f i n a t e  b y  
t h e  m e t h o d  of CARSON a n d  WONG 1°, us ing  a pu re  s a m p l e  
( infrared)  of t h e  p r o p y l  e s t e r  of p r o p y l t h i o l s u l f i n a t e  for 
s t a n d a r d i z a t i o n .  B e n z e n e  e x t r a c t  of e n z y m e  d iges t  was  
used  for ana lys i s  a f t e r  r e m o v a l  of b e n z e n e  b y  d i s t i l l a t ion  
in vacuo. ( P y r u v i c  acid was  iden t i f i ed  b y  t h e  i n f r a r ed  
s p e c t r u m  of i t s  2, 4 - d i n i t r o p h e n y l h y d r a z o n e . )  

These  r e su l t s  (see Tab le )  d e m o n s t r a t e  t h a t  b o t h  am -  
m o n i a  a n d  p y r u v a t e ,  p r o d u c e d  as  a r e s u l t  of e n z y m e  ac- 
t ion ,  c o r r e s p o n d  w i t h i n  e x p e r i m e n t a l  e r ro r  to  t h e  decrease  
in  t h e  a m o u n t  of a m i n o  acid.  T h i o s u l f i n a t e  as m e a s u r e d  
b y  t h e  m e t h o d  of CARSON a n d  WONG 1° a p p e a r e d  in  
a m o u n t s  less t h a n  ha l f  of t hose  expec t ed .  Th i s  i n d i c a t e s  
losses due  to  i n s t a b i l i t y  d u r i n g  t h e  r e a c t i o n  ( th i s  m e t h o d  
does n o t  d e t e c t  t h io su l fona te s ) ,  d u r i n g  t h e  p r e p a r a t i o n  of 
t h e  s ample  for  ana lys i s  a n d / o r  t h e  p r o d u c t i o n  of o t h e r  
su l fu r - con ta in ing  s u b s t a n c e s  f rom t h e  p r e s u m e d  p r i m a r y  
p r o d u c t  of r eac t ion ,  p r o p y l  th iosu l fen !c  ac id  3 

T h e  e n z y m e  t h u s  a p p e a r s  to  be  s imi la r  to  gar l ic  a l l i inase  
in  i t s  speci f ic i ty  t o w a r d s  S-a lky l -L-cys te ine  sulfoxides ,  i t s  
l ab i l i ty  3, a n d  in i t s  r e q u i r e m e n t  for  p y r i d o x a l  p h o s p h a t e  
for  m a x i m a l  a c t i v i t y  n .  I t  d i f fers  f rom t h e  gar l ic  e n z y m e  
in  i ts  p H  o p t i m u m  a n d  i ts  o p t i m a l  a c t i o n  on  ( + ) - S - p r o p y l -  
L-cyste ine  sulfoxide.  The  gar l ic  e n z y m e  has  been  r e p o r t e d  
to  a c t  o p t i m a l l y  on  (+) -S-a l ly l -L-eys te ine  sulfoxide,  ove r  
a b r o a d  p H  range  e x t e n d i n g  f rom p H  5 to  p H  8 a. T h e  
tack  of a c t i o n  on  S - s u b s t i t u t e d  cys t ine  d e r i v a t i v e s  differ-  
e n t i a t e s  i t  s h a r p l y  f rom the  C-S lyase of A Ibizzia lophanta 1*. 

We wish to thank G. F. BARLEY and E. Gong of this laboratory 
for the infrared determinations. 
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Production of pyruvate from S-propyl-L-cysteine sulfoxide by a 
protein preparation from onior~s. The enzyme reaction, carried out 
in 1 ml at 37°C, contained the following: curve 1, 20 [zM of (-4-)-S- 
propyl-~-cysteine sulfoxide (ce D ~ -- 6.9, c ~ 1) and 1-55 mg of 
enzyme protein nitrogen at pH 4.9 ; curve 2, as in curve 1 + 70 tzM 
pyrophosphate buffer (final pH = 8.4); curve 3, as in curve 4 + 
0.05 [zM of pyridoxal phosphate; curve 4, as in curve 3, except boiled 
enzyme used. Pyruvate determined according to method of KACnMAR 

and BOYER 8 

Stoichiometry of Onion Alliinase Action 

Substance 

Amino Acid 
l~,r  u vic Acid 
Ammonia  
Thiosnlfinate 

Blank 
fxM 

200 
2 
6 
0 

Experim. 
~M 

126 
75 
74 
34 

Change 
vM 

- -  74 
+ 7 3  
+ 6 8  
+ 34 

S. SCHWIMMER, J .  F.  CARSON, R.  U.  MAKOWER, 
M. BIAzELIS, a n d  F. F. ~ArONG 

Western Regional Research Laboratory, Albany (Cali/or- 
nia), A LaboratOry o] the Western Utilization Research and 
Development Division, Agricultural Research Service, U.S.  
Department o/ Agriculture, March 14, 1960. 

Zusammen/assung 

E i n e  p r o t e i n h a l t i g e  D a r s t e l l u n g  aus  Zwiebe ln  e n t h ~ l t  
e in  E n z y m ;  welches  s t 6 c h i o m e t r i s c h  S-Alkyl-L-cys te in-  
su l foxyde  in  B r e n z t r a u b e n s / i u r e  u n d  A m m o n i a k  spa l t e t .  
D a n e b e n  e n t s t e h t ,  n i c h t - s t 6 c h i o m e t r i s c h ,  e in  benzol l6s-  
l icher,  l a u c h a r t i g  r i echender ,  m i t  N - ~ t h y l m a l e i n i m i d  rea-  
g i e r ende r  Stoff.  w a h r s c h e i n l i c h  da s  Alkyl th iosul f ins i~ure-  
a lky les te r .  Das  E n z y m  w i r k t  o p t i m a l  au f  ( + ) - S - P r o p y l - L -  
cy s t e in su l foxyd  bei  p H  8,4 in  G e g e n w a r t  y o n  P y r i d o x a l -  
p h o s p h a t .  
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6 H. L. KORNBERG and W. E. PATEr, Biochim. biophys. Acta 25, 
189 (1957). 
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