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plet, 2 H :  CH~ en C-2), 2,13 p p m  (singulet, 3 H :  CHa-C- ), 
3,25 p p m  (triplet, 2 H : - C H o - O - t r i t y l e ) ,  3,30 p p m  (sin- 
gulet,  3 H : OCH3), 3,83ppm (quadruplet ,  1H : /~CH-OCHa) ,  
7,30 p p m  (multiplet ,  15 H : H aromatiques) .  

Le compos6 9 op t i quemen t  act if  a 6t6 par  ailleurs obtenu 
par t i r  de l 'acide S ( - ) -mal ique au moyen  de la s6quence 

de r6act ion suivante.  L 'ac ide  10 a 6t6 t ransform6 en O-m6- 
thy l  mala te  de m6thyle  115. La  r6duct ion de ce diester  par  
LiA1H, dans l '6 ther  anhydre  Iourni t  le m6thoxy-2 
bu taned io l - l , 4  12 [~D = --23,  00 (c = 3,26, ac6tone) 
( l i t ) ,  ~alD = -- 23,50) �9 Le diol est t rai t6 par  un 1,1 6qui- 
va len t  de chlorure de t r i ty le  dans la pyr id ine  anhydre  ce 
qui  fourni t  un  m61ange des deux d6riv6s monotr i ty l6s  13 a 
et 13b  dans lequel  le mono t r i ty l  13a  est le p rodui t  pr6- 
pond6rant .  Ces deux isom6res ont  6t6 s6par6s par  chroma-  
tographie  sur gel de silice. Le  compos6 13a  non cristallis6 
[mID = + 2, 300 (c = 3,07, CHCla) a 4t6 oxyd6 par  ler6act i I  
de JoNEs ~ en acide 14 [~D ~ --15, 60 (c = 4,23, CHC13) 
qui  se pr6sente sous forme d 'une  huile incolore. 

En  t r a i t an t  l ' ac ide  14 par  3 6quivalents  de m6thyl-  
l i th ium dans l '6 ther  anhydre  ~ on ob t ien t  un m61ange de 
produi t s  dont  le composan t  pr6pond6rant  est la m4thyl  
c6tone 9 b  [e~D = --23,7  ~ (c = 1,8, CHCI~). Celle-ci 
pr6sente le mSme RI  en chromatographie  sur couche mince 
et le m4me spectre de R M N  que le p rodu i t  9 a  isol6 

par t i r  de l 'acide bongkr6kique.  Le carbone C-17 de l 'acide 
bongkr6kique a pa r  cons6quent  la configurat ion R, ce qui  
confirme l 'ass ignat ion fai te  pr6c6demment  t~ par t i r  de la 
courbe de dichroisme circulaire de l 'acide bongkr6kique i, 7. 

Summary. The chirali t ies of the  two asymetr ic  centers 
of the  toxic  ant ib iot ic  hongkrekic  acid have  been deter- 
mined:  the  C-6 center  has the S conf igurat ion and the  
C-17 center  the  R configuration.  
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Tousles compos6s pr6par6s au cours de ce travail out pr4sent6 des 
spectres de RMN (CDCI~, 60 MHz), de masse en accord avec Ieur 
structure. 
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Integumental Distribution of Tyrosinase Activity 
Presence of Integumental Tyrosinase Inhibitor(s) 

In  the s tudy  of melanin  biosynthesis  f rom an evolu- 
t ionary  viewpoint ,  re la t ive ly  l i t t le  is known of the  p r ima te  
pa t t e rn  of in tegumenta l  tyrosinase dis tr ibut ion.  As the  
ava i lab i l i ty  o f  the  pr imates  for such studies has been 
l imited,  the  gift  of a lower pr imate ,  the  slow loris (Nycti- 
cebus coucang), provided  a unique  oppor tun i ty  to ex tend  
our unders tanding  of tyros inase  dis tr ibut ion.  Thus, a 
s tudy  of the  subcellular  d is t r ibut ion  of tyrosinase ac t i v i t y  
in var ious in tegumenta l  regions differing in p igmen ta t ion  
as well as the  eye was under taken.  Fur ther ,  in the  course 
of these studies i t  was discovered tha t  prepara t ions  der ived 
f rom cer ta in  skin areas also showed the  presence of 
in tegumenta l  tyrosinase inhibitor(s).  

Methods and materials. Two female (451 and 549 g) and 
1 male  (454 g) loris (Nycticebus coucang) were sacrificed 
and the  ret inas  and in tegumenta l  areas (Table I) were 
removed,  t r immed,  weighed and frozen as p rev ious ly  
described 1. The usual  enzyme prepara t ion  prodecure,  
rad iometr ic  assay, prote in  analysis and s ta t is t ical  proce- 
dures were ut i l ized 1-3. The act iv i t ies  of the  enzyme 
prepara t ions  were dopa dependent  and inhibi ted  by 
sodium d ie thy ld i th ioca rbamate  (6 raM). The tyrosinase 
inh ib i tory  ac t iv i ty  was demons t ra ted  by the  incubat ion  of 
mushroom tyrosinase wi th  L-tyrosine-14C in the  presence 
and absence of skin enzyme preparat ions.  A dupl icate  
series of exper iments  using non-radioac t ive  L-tyrosine to 
de te rmine  subs t ra te  concent ra t ion  pre- and post - incuba-  
t ion wi th  mushroom tyrosinase was also under taken.  The 
avai lable  L-tyrosine in the  superna tan t  f ract ion post-  
t r ichloroacet ic  ac id  prec ip i ta t ion  of prote in  was determin-  
ed by the  Fol in-Ciocal teau procedure 4. Whereve r  possible 
da t a  are expressed in the  form _~ ~ SEM. 

Results and discussion. The tyrosinase ac t iv i ty  var ied  
ana tomica l ly  in the  skin (Table I). The highest  enzymat ic  
act iv i t ies  occurred in the genital  skin areas and in the  
ret ina.  The  subcellular  tyrosinase d is t r ibut ion  differed in 

in the Slow Loris, Nycticebus coucang, and the 

the  re t ina  and in the skin;  the  re t ina  showed tyrosinase 
ac t iv i ty  in bo th  the  par t icu la te  and soluble fract ions 
whereas the  skin tyrosinase ac t iv i ty  was confined to the  
par t icu la te  fraction. 

In  the  skin, the  tyrosinase act ivi t ies  of the  dorsal brown 
stripe, the  left  and r ight  la teral  t runk  skill areas and t h e ,  
left  and r ight  vent ra l  t runk  skin areas were low. However ,  
the  enzymic  ac t iv i ty  was higher  in the  dorsal dark 
brown str ipe than  in the  la teral  or vent ra l  skin. Interes t -  
ingly, the  tyrosinase ac t iv i ty  of the  vent ra l  skin was 
higher  t han  t h a t  of the  lateral  skin. Generally,  the  darker  
skin areas, such as the  cranial  skin, ears, b lack circum- 
orbi ta l  r ing and black area of male  geni ta l  skin as well  
as the  eye showed higher  ac t i v i t y  than  the  l ight  brown 
colored skin area. In  contrast ,  the  l ight  colored skin of the  
external  female geni tal ia  showed the  highest  tyrosinase 
ac t iv i ty  and the  re la t ively  dark  forehead skin area had 
ve ry  low act ivi ty .  

In  the  homogenates ,  the  specific ac t iv i ty  of the  enzyme 
was highest  in the  scalp, female external  geni ta l ia  and the  
dorsum of the  forepaw. In  all in t egumenta l  areas studied, 
the  specific a c t i v i t y  in the  par t icu la te  fract ion was 
higher  than  t h a t  in the  homogenate .  I n  some skin areas 
the  par t icu la te  fract ion tyrosinase ac t iv i ty  exceeded tha t  
of the  homogenate .  The tyrosine carboxyl  group incorpora-  
t ion into melanin  was approx imate ly  16% in the  re t ina  
and ranged f rom 19 to 29% in the  skin. 

In  the  forepaw palm,  in terorbi ta l  s t reak and forehead, 
the  enzymic  ac t iv i ty  of the  par t icula te  fract ion was 
higher  t han  t h a t  present  in the  homogena te  f rom which 

1 y .  M. CHEN and W. CItAVIN, Analyt. Bioehem. 13, 234 (1965). 
2 y .  M. CHEN and W. C~AVlN, Analyt. Biochem. 27, 463 (1969). 
3 W. CHAVlN, Am. Zool. 9, 505 (1969). 
4 x~, ~V L ellEN, unpublished. 
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Table II. Inhibitory effects of soluble fractions of Nycticebus coucang skin areas on mushroom tyrosinase 
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Skin (10 mg fresh tissue) Activity~ of mushroom tyrosinase (% of controlb) 

Fresh preparations 3 week preparations 
H S H S 

Forepaw, palm skin 35.2 4- 1.2 33.5 4- 1.0 98.8 4- 1.4 99.1 4- 1.0 
Interorbital light streak 13.5 4- 0.7 10.7 ~: 0.4 97.3 4- 0.8 101.0 4- 1.2 
Forehead 18.9 4- 0.8 15.4 4- 0.7 99.3 -~- 1.0 98.8 4- 1.2 

" 10 ~zg mushroom tyrosinase was incubated with 40 ~zg z-tyrosine-14C (sp. act. 0.329 mCi/mmole) in phosphate buffer, 0.1 M, pH 6.8, for i h 
at 30 ~ H and S, see footnotes in Table I. b Control: activity of mushroom tyrosinase ill the absence of homogenates and soluble fractions or 
in the presence of the corresponding particulate fractions. 

Table III. Substrate concentration in the reaction mixture at the beginning and end of incubation with mushroom tyrosinase and with or 
without soluble fractions of the skin from Nycticebus coucang 

Origin of soluble fractions 
(10 mg fresh skin) 

Tyrosine concentration (~xg/ml) 

Initial Terminal 
No soluble fraction Soluble fraction No soluble fraction Soluble fraction 

Forepaw, palm 39.9 -- 0.7 39.5 4- 0.3 36.8 4- 1.4 40.5 J_ 1.0 
Interorbital light streak 39.9 4- 0.7 40.5 =c 0.5 36.8 4- 1.4 39.4 4- 0.8 
Forehead 39.9 4- 0.7 39.9 4- 0.7 36.8 4- 1.4 41.2 ~ 0.8 

the  f rac t ion  was derived.  Such an increase in tyros inase  
ac t iv i ty  of t he  pa r t i cu la te  f rac t ion m a y  resul t  f rom the  
separa t ion  of inhib i tors  p resen t  in the  soluble f ract ion of 
the  homogena te .  The ill v i t ro  effects of these  3 skin 
homogena te s  and the i r  soluble f ract ions  on m u s h r o o m  
tyros inase  suppor t ed  th is  thes is  (Table II).  Tile inhib i tor  
factor(s) m a y  be reducing agent(s) or subs tances  suscep- 
t ib le  to ox ida t ion  since skin p repa ra t ions  ma in t a ined  at  
0~176 for 3 weeks lost  the  abi l i ty  to inh ib i t  mush roo m 
tyros inase  (Table II).  As m u s h r o o m  tyros inase  incuba ted  
in the  absence of these  skin p repara t ions  (Control 
ac t iv i ty ,  100%) was unchanged  in t he  presence  of the  
cor responding  pa r t i cu la te  fractions,  only the  soluble 
f rac t ion appears  responsib le  for the  reduc t ion  of the  
ty ros inase  ac t iv i ty  ill the  homogeuate .  To s t u d y  the  3 
soluble f rac t ion p repa ra t ions  which  reduce tyros inase  
ac t iv i ty ,  the  subs t r a t e  concen t ra t ion  of m u s h r o o m  
tyros inase  a t  the  beginning and end of incuba t ion  was 
examined  in the  presence  or absence of these  f ract ions  
(Table I I I ) .  A t  the  beginning  of incubat ion,  the  L-tyrosine 
concen t ra t ion  in t he  var ious  groups were no t  different ,  
t h e r e b y  indica t ing  t h a t  l i t t le or no free tyros ine  was 
p re sen t  in the  soluble f ract ions  under  s tudy.  At  the  end 

of the  incuba t ion  period, the  L-tyrosine concen t ra t ion  in 
t he  absence of the  soluble f rac t ion  decreased b u t  t h a t  in 
t he  presence  of the  soluble f rac t ion was unchanged.  
Since the  ty ros ine  concen t ra t ion  was de t e rmined  in t he  
superna tes  of t he  TCA prec ip i t a t ed  pre- and  pos t - incuba-  
t ion mixtures ,  the  up take  of L-tyrosine by  non- ty ros inase  
react ions  in the  soluble f rac t ion is e l imina ted  s 

Rdsumd. L'ana lyse  rad iom6tr ique  de la tyros inase  
t6gumenta i re  a mont r6  que Ies r~gions de la peau de 
Nycticebus coucang dif ferent  e n z y m a t i q u e m e n t .  Cette  
peau renferme un inh ib i teur  e n z y m a t i q u e  de ty ros inase  
ainsi que des champignons .  
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Department of Biology, Wayne State University, and 
Michigan Cancer Foundation, Detroit 
(Michigan 48202, USA), 21 January 7973. 
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The Carotenoid Pigments  of Six Species of Adult 

Adul t  acan thocepha lans  are all in tes t ina l  paras i tes  of 
ve r t eb ra t e s  and  m a n y  are coloured orange or red, a l though  
the  degree of p i g m e n t a t i o n  varies widely  f rom indiv idual  
to individual .  The orange p i g m e n t  of Polymorphus minutus 
has  been  ident i f ied as a carotenoid,  esterif ied a s t axan-  
th in  1 and  caro tenoids  have  also been descr ibed f rom 
ano the r  acan thocepha lan  Pallisentis nagpuremis 3. In  th is  
repor t  t he  na tu re  of t he  p igmen t s  ill 6 species of adul t  
Acan thocepha la  has  been  inves t iga ted ,  

Acanthocephala 

Materials and methods. Filicollis anatis were ob ta ined  
f rom the  c o m m o n  ]Eider (Somateria mollissima mollissima) 
Macraeanthorhynchus hirudinaceus f rom the  small  
in tes t ines  of pigs (Sus scro/a), Neoechinorhynehus pseud- 

1 j.  BARRETT and P. E. BUTTERWORTFI, Comp. Bioehein. Physiol. 27, 
575 (1968). 

2 R. RAVINDRANATHAN and A. M, NADAKAL, Jap. J. Parasit. 20, 1 
(1971). 


