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the  se rum tyros inase  ac t iv i ty  in lung ca rc inoma was 
a p p r o x i m a t e l y  one- th i rd  of t h a t  in m e l a n o m a  and  b reas t  
ca rc inoma 3. 
The melan in  b a n d s  ob ta ined  af ter  e lect rophores is  and  
incuba t ion  wi th  L -dopa  were  var iable  in n u m b e r  b u t  as 
m a n y  7 or more  f r equen t ly  were present .  I n  con t r a s t  to  
me l anom a  and  b reas t  ca rc inoma sera 3, the  in tens i t ies  of all 
dopa -me lan in  b a n d s  formed were decreased.  Also, the i r  
Rf-values  (table 2) differed f rom those  der ived  f rom sera 
of pa t i en t s  w i th  melanoma.  In  m e l a n o m a  4, the  dopa-  
melanin  b a n d s  var ied  f rom 0.0013 (band 1) to  0.080 
(band 4) and  t h e n  f rom 0.138 (band 5) to  0.188 (band 7). 
I t  is possible t h a t  all the  se rum tyros inase  carr iers  are 
no t  all t he  same in lung carc inoma and  melanoma.  The 
charac ter i s t ic  melanin  bands  in d i f fe rent  diseases m a y  
iden t i fy  the  specific se rum immunoglobu l ins  car ry ing  
ty ros inase  in each disease. 
In  add i t ion  to  the  nar row melanin  bands ,  1 wide (1 cm) 
melanin  b a n d  (1Rr: 0.254 4- 0.004) occurred in some pa t i en t s  
of the  s tudy.  This  Rf-value was grea te r  t h a n  those  of the  
na r row melan in  bands .  The funct ion  r ep resen ted  by  th is  
wide b a n d  is no t  clear a t  present .  
Coincident  w i th  t he  demons t r a t i on  of the  above electro-  
phore t ic  pa t t e rns ,  inh ib i to ry  sites of dopa  ox ida t ion  in 

lung ca rc inoma were observed  as 3 colorless b a n d s  (Rf: 
0.1740 4- 0.0049; 0.3084 • 0.0047; 0.5649 4- 0.0046), 
w i d t h  2-3 mm.  These m a y  represen t  ty ros inase  inh ib i tors  
in the  enzyme  p repa ra t ion  and differ in mobil i t ies  f rom 
enzyme-car r ie r  complexes .  W h e n  e luted these  inh ib i tors  
depress  b o t h  enzymic  and  au tox ida t ive  melanin  fo rma t ion  
f rom dopa  4. The colorless bands ,  therefore ,  resul t  f rom 
inhib i t ion  of L -dopa  au tox ida t i on  on the  gels. 
4 f ract ions  inh ib i t ing  tyros inase  ac t iv i ty  have  been sepa- 
r a ted  by  u l t raf i l t ra t ion  of the  60% sa tu ra t ion  ( a m m o n i u m  
sulfate) supe rna t an t .  The inh ib i to ry  potencies  of these  
f rac t ions  f rom bo th  lung carc inoma p a t i en t s  and  n o rma l  
individuals  on the  ac t iv i ty  of m u s h r o o m  tyros inase  differ  
( table 3). The n o rma l  mate r ia l  was blood b a n k  p lasma.  
The inh ib i to ry  potencies  in f ract ions I300 and  I~00 showed 
smal l  differences b e t w een  the  normal  individuals  and  
p a t i en t s  wi th  lung carc inoma.  However ,  the  i nh ib i to ry  
potencies  in f rac t ions  I I  and  I I I  were  m u c h  lower in 
pa t i en t s  (fraction II ,  38%;  f rac t ion I I I ,  negligible) t h a n  
in normal  individuals  (fraction II ,  78% ; f rac t ion  I I I ,  17%). 
Fur the r ,  ty ros inase  ac t iva t ing  f rac t ions  IV and  V ob-  
served  ill me l an o ma  4 were absen t  in b o t h  no rma l  and  
lung carc inoma prepara t ions .  
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The in v i t ro  effects  of a n u m b e r  of me lanocy to ly t i c  
agents  and  re la ted  compounds  upon ty ros inase  ac t iv i ty  
in h u m a n  m e lanoma  homogena t e s  have  been  r epo r t ed  3. 
To more  precisely define the  effects of these  agents ,  i t  
is necessary  to  t e s t  the i r  effects  upon  pur i f ied  h u m a n  
me lanom a  tyros inase .  Three isozymes of h u m a n  mela-  
n o m a  tyros inase  have  been repor ted  ~-11. As the  d o m i n a n t  

In vitro effects of melanocytolytic agents on the activity of dominant 
human melanoma tyrosinase 

Melanoeytolytic agent Tyrosinase activity (percent control) 
9• M 9• M 9X10-8 M 

Hydroquinone 51.2 13.5 11.1 
Catechol 92.7 85.8 18.2 
Resorcinol 81.6 22.8 1.7 
MEA HCI" 34.4 15.5 0.5 
Cystamine HC1 90.5 70.8 50.9 
L-Cysteine HCI 81.7 58.0 1.0 
Glutathione 17.9 13.3 1.2 
Ascorbie acid 88.5 2.0 0.5 
L-Cystine 90.0 89.6 87.4 
DL-Methionine b 94.7 90.5 67.9 
Pyrogallol 102.3 5.9 1.0 
Phloroglucinol 98.9 35.4 3.7 
DDC (3H20)o 3.5 0 0 
EDTA a 80.4 73.1 51.2 

�9 MEA, /J-mercaptoethylamine. bConcentration represented L-form 
only. 0DDC, diethyldithiocarbamate, aEDTA, ethylenediamine- 
tetraacetie acid. 

h u m a n  me l an o ma  tyros inase  m a y  be p repa red  wi th  large 
yield6,9, 1~ th is  isozyme was used in the  p re sen t  s tudy .  
Materials and methods. High ly  melanized h u m a n  mela-  
nomas  ob ta ined  a t  surgery  were processed to ob ta in  a 
l ipase solubil ized f rac t ion  der ived f rom the  pa r t i cu la te  
f rac t ion  as descr ibed previous ly  6,9,1~ The d o m i n a n t  
h u m a n  me l an o ma  ty ros inase  was isolated f rom th is  frac-  
t ion  by  50-70% a m m o n i u m  sulfate f r ac t iona t ion  and  
pur i f ied  fu r ther  by  s ep h ad ex  G-100 c h r o m a t o g r a p h y  12. 
Tyrosinase  was assayed radiometr ica l ly la ,  14 using L- 

1 This investigation was supported by U.S. Public Health Service 
Research Grant No. CA-12731-02 and CA-15991-01 from National 
Cancer Institute. 

2 Author for reprint requests. 
3 Y.M. Chen and W. Chavin, in: Pigmentation: Its Genesis and 

Control, p. 593. Ed. V. Riely. Appleton-Century-Crofts, New 
York 1972. 

4 Y.M. Chen, Proc. Am. Cancer Res. 13, 6 (1972). 
5 Y.M. Chen, Proc. Am. Cancer Res. 15, 3 (1974). 
6 Y.M. Chen, Cancer Res. 34, 3192 (1974). 
7 Y.M. Chen and W. Chavin, Proc. Am. Cancer Res. 12, 68 (1971). 
8 Y.M. Chen and W. Chavin, Proe. Soe. exp. Biol. Med. JdS, 695 

(1974). 
9 Y.M. Chen and W. Chavin, Cancer Res. 35, 606 (1975). 
10 Y.M. Chen and A. Huo, in: Pigment Cell, Mechanisms in Pig- 

mentation, vol. 1, p. 82. Ed. V. J. McGovern and P. R. Sydney. 
S. Karger, Basel 1973. 

11 Y.M. Chert and A. Huo, Proe. Am. Cancer Res. 14, 104 (1973). 
12 Y.M. Chen, unpublished data. 
13 Y.M. Chen and W. Chavin, Analyt. Biochem. 73, 234 (1965). 
14 Y.M. Chen and W. Chavin, Analyt. Biochem. 27, 463 (1969). 



22 Specialia EXPERIENTIA 34/1 

(U-l~C)tyrosine.  Th e  t e s t  p rocedure  was s t a n d a r d i z e d  b y  
us ing  a c o n s t a n t  enzymic  a c t i v i t y :  2.43 txg d o m i n a n t  
i sozyme a t  30~ 16 h i n c u b a t i o n  per iod  u n d e r  s t a n d a r d  
condit ions~a,  14. Us ing  L-dopa-~4C as t h e  subs t ra t e ,  t he  
e n z y m e  h a d  a I~m of 4.5 • 10 -4 M 1~. T he  Vm~x w as  37.1 • 
10 -~ pmole  L - d o p a  c o n v e r s i o n / m i n / m g  p ro t e in  12. The  
e n z y m e  was i n c u b a t e d  w i t h  L-(U-l*C)tyros ine  in t he  
p resence  and  absence  of 14 agents ,  each  a t  t h r ee  dose 
levels  ( table) .  

Results and discussion. All agen t s  ut i l ized showed di f fer ing 
degrees  of i n h i b i t o r y  effects  u p o n  t he  d o m i n a n t  h u m a n  
m e l a n o m a  ty ros inase  ac t iv i ty .  The  i n h i b i t o r y  effects in-  
c reased w i t h  increased  d rug  concen t r a t i on .  A l t h o u g h  
pyroga l lo l  or ph lo rog luc ino l  d id  n o t  affect  t y ros inase  
a c t i v i t y  a t  9 • 10 -5 M, t he  e n z y m e  was i n h i b i t e d  a t  h ighe r  
concen t r a t i ons .  Compar i son  of t h e  d rug  i n h i b i t o r y  effects  
a t  9 •  -5 M, d i e t h y l d i t h i o c a r b a m a t e  was  the  m o s t  
p o t e n t  i n h i b i t o r  b u t  g lu t a th ione ,  m e r c a p t o e t h y l a m i n e  
a n d  h y d r o q u i n o n e  i n h i b i t e d  t he  e n z y m e  50% or more.  
The  d i h y d r o x y -  a n d  t r i h y d r o x y - b e n z e n e  compounds ,  
su l fhyd ry l  agen t s  and  ascorbic  acid m a y  be  cons idered  
as r educ ing  agents .  A m o n g  t he  d i h y d r o x y - b e n z e n e  
de r i va t i ve s  (hydroqu inone ,  catechol ,  resorcinol) ,  h y d r o -  
qu inone  (1,4 d i h y d r o x y b e n z e n e )  i n h i b i t e d  the  e n z y m e  
to  a g rea t e r  e x t e n t  t h a n  resorc inol  (1, 3 d i h y d r o x y b e n z e n e )  
a t  9 • 10 -~ 3/i a n d  9 • 10 .4 M. Resorc inol  i n h i b i t i o n  was 

g rea t e r  t h a n  t h a t  of ca techo l  (1, 2 d i h y d r o x y b e n z e n e )  
a t  all concen t r a t i ons .  The  t r i h y d r o x b e n z e n e s ,  pyrogal lo l  
(1, 2, 3 t r i h y d r o x y b e n z e n e )  a n d  ph lorog luc ino l  (1, 3, 5 t r i -  
h y d r o x y b e n z e n e )  m a y  be  b e t t e r  i nh ib i t o r s  a t  h i g h e r  
concen t r a t i ons .  Thus ,  t he  n u m b e r  a n d  g e o m e t r y  of t h e  
phenol ic  g roups  i n  t he  benzene  c o m p o u n d s  a p p e a r  im-  
p o r t a n t  in t he  i n h i b i t i o n  of t y ros inase  ac t iv i ty .  
The  su l fhyd ry l  compounds ,  m e r c a p t o e t h y l a m i n e  a n d  
g lu t a th ione ,  were p o t e n t  i n h i b i t o r s  of ty ros inase .  L-  
cys te ine  was ef fec t ive  a t  t h e  h ighes t  concen t r a t i on .  The  
d imer  of m e r c a p t o e t h y l a m i n e ,  cys t amine ,  a n d  t he  d i m e r  
of cyste ine ,  cys t ine ,  showed  reduced  i n h i b i t o r y  effects  
poss ib ly  t he  r e su l t  of conve r s ion  of su l fhyd ry l  g roups  to  
disulf ide bonds .  The  smal l  i n h i b i t o r y  effect  of m e t h i o n i n e  
m a y  resu l t  f r om m e t h y l a t i o n  of t he  - S H  reac t ive  group.  
In t e r e s t i ng ly ,  d i e t h y l d i t h i o c a r b a m a t e  (DDC), c o n t a i n i n g  

I 

S = C - S - -  b u t  n o t  - S H  was t h e  m o s t  p o t e n t  inh ib i to r .  
Ascorbic  acid was  a p o t e n t  i n h i b i t o r  a t  t he  h ighe r  con-  
cen t ra t ions .  F u r t h e r ,  a c h e l a t i n g  agent ,  E D T A ,  showed  
a smal le r  i n h i b i t o r y  effect  on  ty ros inase  a c t i v i t y  t h a n  
DDC, sugges t ing  t h a t  che la t ion  m a y  n o t  be  t he  m e c h a n i s m  
of e n z y m a t i c  i n h i b i t i o n  b y  t he  l a t t e r .  
Compar i son  of t he  p r e sen t  i n h i b i t o r y  effects of those  
agen t s  p rev ious ly  ut i l ized upon  ty ros inase  a c t i v i t y  in  
c rude  and  f r a c t i o n a t e d  m e l a n o m a  h o m o g e n a t e s  s revea led  
s imi la r  t r e n d s  a n d  results .  
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Summary. P r o t o p l a s t s  de r ived  f rom A spergillus flavus are shown  to be  capab l e  of syn thes i z ing  a f l a tox ins  w h e n  in-  
c u b a t e d  in a chemica l ly  def ined m ed i um .  14C-Acetate a n d  ~4C-Versicolorin A, added  to  p ro top l a s t s  f rom 3-day-old  
myce l ium,  are i n c o r p o r a t e d  in to  a f l a tox in  B~. 

One g rea t  d i f f icu l ty  in t h e  s t u d y  of funga l  m e t a b o l i s m  
is t h e  presence  of a t o u g h  cell wal l  wh ich  p r e v e n t s  easy  
access to  the  cy top l a s m i c  c o n t e n t  a n d  hence  to  t he  
enzymes  t h a t  i t  con ta ins .  However ,  some success us ing  
m e c h a n i c a l  d i s r u p t i o n  of m y c e l i u m  has  been  ach ieved  
in e n z y m a t i c  s tud ies  of funga l  s econda ry  m e t a b o l i s m  1,2. 
D u r i n g  our  s tud ies  on  a f l a t o x i n  b iosyn thes i s  we h a v e  
a t t e m p t e d  to  p roduce  ac t ive  e n z y m e  p r e p a r a t i o n s  f rom 
Aspergillus tiaras, us ing  a v a r i e t y  of d i s r u p t i v e  me thods ,  
w i t h  v a r y i n g  degrees  of success. Severa l  nega t i ve  resu l t s  
wh ich  we h a v e  o b t a i n e d  h a v e  been  a t t r i b u t e d  to  dena-  
t u r i n g  effects  d u r i n g  t h e  d i s r u p t i v e  procedure .  However ,  
one m e t h o d  w h i c h  does n o t  d e p e n d  on  m e c h a n i c a l  

Table 1. Production of aflatoxin in Reddy's chemically defined 
medium by protoplasts from myeelium of Aspergillus ]lavus N1 of 
different ages 

Age of mycelium Aflatoxin (Ezg) formed per 2 ml suspension after: 
(days) 0 h 1 h 2 h 3 h 18 h 

1 4.96 5.46 5.55 5.10 8.08 
2 9.92 11.84 14.53 14.89 14.96 
3 5.60 5.60 8.08 9.50 13.75 
4 3.20 2.00 0.50 0.50 2.70 
5 7.10 5.30 1.80 1.20 2.10 

d i s r u p t i o n  is t h e  r e m o v a l  of t he  cell wal l  b y  e n z y m a t i c  
d iges t ion,  r e su l t i ng  in t he  f o r m a t i o n  of p ro top l a s t s  8,4. 
These  are  m u c h  more  easi ly  d i s rup t ed  t h a n  i n t a c t  
m y c e l i u m  a n d  hence  are more  l ike ly  to  yield ac t ive  
e n z y m e  p repa ra t i ons .  P r o t o p l a s t s  are c u r r e n t l y  be ing  
used to  i nves t i ga t e  funga l  organel les  5, cell wal l  syn thes i s  6 
and  an t ib io t i c  p r o d u c t i o n L  T h u s  we h a v e  s tud ied  t h e  
p o t e n t i a l  of p ro top las t s ,  de r ived  f rom t o x i n - p r o d u c i n g  
s t r a in s  of A. ]lavus, for c o n v e r t i n g  possible  i n t e r m e d i a t e s  
to  the  a f l a tox ins  as a p re requ i s i t e  to  the  s t u d y  of i so la ted  
cell-free enzymes .  
Materials and methods. The  lyt ic  e n z y m e  was p r e p a r e d  
f rom Trichoderma viride CBS 354-33 (k indly  suppl ied  b y  
D r  J. Pebe rdy ,  U n i v e r s i t y  of N o t t i n g h a m )  us ing  t he  
m e t h o d  of P e b e r d y  and  Issacs  s. The  g r o w t h  m e d i u m  
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