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T h e  s ignif icance of p h e n o l  coupl ing  in soils ha s  no t  been  
assessed;  however ,  i t  has  been  shown t h a t  pes t ic ides  a n d  
t h e i r  t r a n s f o r m a t i o n  p r o d u c t s  can  be  read i ly  b o u n d  to 
soil c o m p o n e n t s  8. E n z y m a t i c  ox ida t i ve  coupl ing  m a y  be  
a n  i m p o r t a n t  r eac t ion  t h a t  resul t s  in  c o v a l e n t  b o n d i n g  of 
phenol ic  i n t e r m e d i a t e s  to  soil organic  polymers .  Ani l in ic  
res idues  of pes t ic ides  m a y  also be s imi la r ly  bound ,  since 
pe rox idases  are ac t ive  in t he  ox ida t i on  and  coupl ing  of 
a r o m a t i c  amines .  W h e t h e r  t he  b i nd i ng  reac t ions  w i th  
phenol ic  pes t ic ide  i n t e r m e d i a t e s  shou ld  be v iewed  as re- 
sul t ir tg in t he  f o r m a t i o n  of r e c a l c i t r a n t  molecules  of un-  
k n o w n  toxic  p rope r t i e s  or as m e c h a n i s m s  of env i ron-  
m e n t a l  de tox i ca t i on  is st i l l  open  to  deba te .  

Our  resul t s  fo rm the  basis  for fu tu re  i nves t iga t ions  w i t h  
agrochemica l s  in soils in w h i c h  t he  degree of po lymer i -  
za t ion  of these  chemica ls  as well  as t he  e x t e n t  of t he i r  
incorpora t ion ,  in to  soil organic  m a t t e r  m a y  be  d e t e r m i n e d  
u n d e r  va r ious  condi t ions .  I t  is ou r  sugges t ion  t h a t  the  role 
of pheno l  ox idases  in  d e t e r m i n i n g  t he  fa te  of xenobio t i c  
chemica ls  in t he  soil e n v i r o n m e n t  h a s  been  wide ly  over-  
looked a n d  p r o b a b l y  u n d e r e s t i m a t e d .  

8 J. Katan, T. W. Fuhremann and E. P. Lichtenstein, Science 193, 
891 (1976). 
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Summary. [13C]-enriched t e t r a g a s t r i n  and  t he  r e l a t ed  c o m p o u n d  were syn thes i zed  in solut ion.  Convers ion  of S-ElsC~- 
m e t h y l a t e d  t e t r a g a s t r i n  to  t he  enr iched  t e t r a g a s t r i n  gave  10.5 p p m  upf ie ld  chemica l  sh i f t  of C * resonance .  The  po t ency  
of t he  s y n t h e t i c  t e t r a g a s t r i n  to  s t imu la t e  gas t r ic  acid sec re t ion  was v i r t u a l l y  iden t ica l  w i th  t h a t  of p e n t a g a s t r i n  (ICI). 

Gas t r in ,  a g a s t r o i n t e s t i n a l  ho rmone ,  is an  acidic h e p t a -  
decapep t i de  amide  a n d  exis ts  in 2 forms,  wh ich  are  
g a s t r i n  I w i t h  T y r  res idue  in pos i t ion  12 a n d  gas t r i n  I I  
w i t h  su l fa ted  T y r  res idue  in t he  pos i t ion  3, In  b o t h  forms,  
4 amino  ac id  res idues  in t he  C- te rmina l ,  i.e., H - T r p - M e t -  
A s p - P h e - N H  2 ( t e t ragas t r in ) ,  are  k n o w n  to be  respons ib le  
for  t he  full  r ange  of phys io logica l  a c t i v i t y  of t he  p a r e n t  
hormone* .  A n u m b e r  of ana logues  of t e t r a g a s t r i n  h a v e  
b e e n  syn thes ized  and  sub j ec t ed  to t he  i n v e s t i g a t i o n  of 
s t r u c t u r e - f u n c t i o n  r e l a t ionsh ips  in  t he  ac t ive  site of gas- 
t r i m  Morely ~ a s sum ed  t h a t  t he  Trp ,  Met  and  Ptle posi-  
t i ons  in t he  t e t r a g a s t r i n  p a r t i c i p a t e  s ign i f i can t ly  in 
b i n d i n g  t he  molecule  w i t h  t h e  si te  of phys io logica l  ac t ion .  
T h e  13C-NMR-spectroscopy ha s  become  a useful  tool  for 
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Fig.~l. Synthesis of [18C]-enriehed gastrin-related peptides. 

t he  s t u d y  of con fo rma t ions  of pep t ides  and  p ro te ins  in  
solut ion.  Recen t ly ,  B le ich  e t  al. ~ r e p o r t e d  1~C- a n d  
1H-NMR-s tud ies  of t he  t e t r a g a s t r i n  a t  n a t u r a l  a b u n d a n c e  
us ing  pe rdeu te r io  d i m e t h y l  sul foxide solut ion.  In  th i s  
p a p e r  an  a t t e m p t  was m a d e  to  syn thes ize  the  t e t r a g a s t r i n  
in which  t he  m e t h y l  g roup  of t he  m e t h i o n i n e  res idue was 
special ly  enr iched  w i t h  [13C]: H-Trp - [S -me thyP3C]Met  - 
A s p - P h e - N H  2 (I). Fo r  compar i son ,  t he  [13C]-enriched t r i -  
pep t i de  amide  H- [S-me thy lz sC]Met -Asp-Phe -NHz  (II) 
was  also syn thes ized .  Specific e n r i c h m e n t  w i t h  13C of t he  
C * of the  m e t h i o n i n e  res idue in t he  pep t ide  was pe r fo rmed  
b y  a m e t h o d  t h a t  modi f ied  t he  one b y  Jones  et  al.7, 
wh ich  consis ts  of m e t h y l a t i o n  a t  t he  m e t h i o n i n e  sulfur  
w i t h  [13C]-enriched m e t h y l  iodide followed b y  r a n d o m  
d e m e t h y l a t i o n .  Fo r  the  syn thes i s  of c o m p o u n d  I, pro-  
t ec t ed  t e t r a g a s t r i n ,  t -Boc-Trp-Met -Asp-Phe-NH28,  was  
f i rs t  cons t ruc t ed  b y  s tepwise  p rocedu re  s t a r t i n g  f rom 
H-Phe -NHz .  The  s y n t h e t i c  rou te  is shown  in f igure 1. 
The  p ro t ec t ed  t e t r a g a s t r i n  was m e t h y l a t e d  in d i m e t h y l -  
f o r m a m i d e  w i t h  10fold e q u i v a l e n t  of 90% methyl-El*C] 
iodide. The  reac t ion  m i x t u r e  was k e p t  a t  p H  7.0 and  al- 
lowed to  s t a n d  a t  room t e m p e r a t u r e  in  d a r k  for  24 h. An-  

1 Acknowledgment. A part of this research was supported by 
scientific research funds (No. 944059, 048253) from the Japanese 
Ministry of Education. 

2 Present address: Department of Physiology, Kyoto Prefectural 
University of Medicine, Kyoto 602 (Japan). 

3 H . J .  Tracy and R. A. Gregory, Nature 204, 935 (1964). 
4 J .S .  Morley, H. J. Tracy and R. A. Gregory, Nature 207, 1356 

(1965). 
5 J .S .  Morley, Fedn Proc. 27, 1314 (1968). 
6 H.E.  Bleich, J. D. Cutnell and J. A. Glasel, Biochemistry 15, 

2455 (1976). 
7 W.C. Jones, T. M. Rothgeb and F. R. N. Gurd, J. Am. chem. 

Soe. 97, 3875 (1975). 
8 Abbreviations used are : t-Doe: tertiary butoxycarbanyl; BuOH : 

butanol; AcOH: acetic acid; DMSO-d~: perdeuteriodimethyl 
sulfoxide; Bzl: benzyl ester; OSu: N-hydroxy succinimido ester; 
Rf r- and RfH-values refer to the solvent systems: 1-BuOH- 
AcOH-H20(4:I:5 ) (upper layer) and 1-BuOH-pyridine-AcOH- 
HzO(30 : 20 : 6 : 24), respectively. 



15.12. 1977 Specialia 1567 

h y d r o u s  e the r  was  added  to t he  m i x t u r e  and  t he  pa r t i c -  
ipa te ,  a f t e r  drying,  was t r e a t e d  w i t h  t r i f luoroace t ic  acid 
to  r e m o v e  t he  e - amino  p r o t e c t i n g  group.  The  resu l t ing  
S@3C3-methyla ted  c o m p o u n d ,  w h i c h  was k e p t  w i t h  5fold 
e q u i v a l e n t  of d i t h i o t h r e i t o l  a t  p H  9.0 for 36 h a t  room 
t e m p e r a t u r e ,  gave  c rude  p r e p a r a t i o n  of c o m p o u n d  I. 
Pu r i f i ca t ion  of t he  c rude  m a t e r i a l  b y  c o u n t e r c u r r e n t  
d i s t r i b u t i o n  b e t w e e n  1 - B u O H  a n d  2% -AcOH gave  p u r e  
c o m p o u n d  {[c~]~9-35.2 (c 1.0, D M F ) ;  R~ I 0.46; R~ II 0.65; 
a m i n o  acid ra t ios  in  acid hyd ro lysa t e ,  ASpl.0~Metg.94 
Phea.04 ( recovery 91~ (Trp was j u s t  de te rmined)} .  The  
Rf-va lues  a n d  t he  opt ica l  r o t a t i o n  of t he  [13C]-enriched 
t e t r a g a s t r i n  showed  good a g r e e m e n t  w i t h  those  of t he  
or ig ina l  one. 
C o m p o u n d  I I  was  p r e p a r e d  b y  S @ a C ] - m e t h y l a t i o n  of t -  
B o c - M e t - A s p - P h e - N H  2 (IV) followed b y  dep r o t ec t i ng  and  
d e m e t h y l a t i o n  in t he  same m a n n e r  as descr ibed  for com- 
p o u n d  I. The  p ro t ec t ed  t r i p e p t i d e  amide  (IV) is a n  in te r -  
m e d i a t e  in syn thes i z ing  c o m p o u n d  I. 13C-enrichment  of 
m e t h i o n i n e  res idue was also s imi la r ly  car r ied  o u t  w i t h  

.<  / 
1 10 100 pg/kg 

Fig. 2. Dose-response curve of gastrin=related peptides on gastric acid 
secretion. On the abscissa is the dose (~.g/kg), and on the ordinate is 
the area of pH-reduction due to gastric acid secretion of the peptide. 
The symbols are as follows: �9 pentagastrin (ICI); �9 [!3C]-enriched 
tetragastrin; �9 [lsC]-enriched tripeptide. 

methyl-E13C] iodide to give h o m o g e n o u s  [13C~-enriched 
t r i p e p t i d e  (II) {[~]{)1 + 1.92 (c 0.52, 50% AcOH) ;  RfI0.35; 
Rfn0.54 }. In  add i t ion ,  t he  amino  acid ana lyses  of t he  acid 
h y d r o l y s a t e s  in b o t h  of the  enr iched  pep t ides  i nd i ca t ed  
t he  comple te  d e m e t h y l a t i o n  of S - m e t h y l a t e d  m e t h i o n i n e  
residue.  
Biological  ac t iv i t i es  of c o m p o u n d  I and  I I  were c o m p a r e d  
w i t h  t h a t  of p e n t a g a s t r i n  (ICI) in t e r m s  of p o t e n c y  to 
s t i m u l a t e  gas t r ic  secre t ion  wh ich  was  m e a s u r e d  b y  
Schi ld ' s  r a t  m e t h o d  9,10. The  a c t i v i t y  of c o m p o u n d  I was  
found  to  be essent ia l ly  iden t ica l  w i t h  t h a t  of p e n t a g a s t r i n ,  
while  t h a t  of c o m p o u n d  I I  was on ly  1% of t he  reference 
pep t ide  shown in f igure 2. 
N M R - s p e c t r a  were o b t a i n e d  on  a J E O L - P F T - 1 0 0  s y s t e m  
ope ra t i ng  in t he  Four ie r  t r a n s f o r m  mode.  l~C-spectra were 
p r o t o n  decoupled  a n d  o b t a i n e d  a t  r oom t e m p e r a t u r e  
(24 4- 1~ cont ro l led  b y  J E O L  t e m p e r a t u r e  control ler .  
A d e u t e r i u m  i n t e r n a l  lock was p rov ided  b y  means  of D20 
cap i l l a ry  which  was inse r t ed  in to  t he  ma te r i a l .  The  d a t a  
were a c c u m u l a t e d  us ing  90 ~ pulse w i t h  6250 Hz  b a n d -  
wid th ,  a n d  200-500 t r a n s i e n t s  were a c c u m u l a t e d  pe r  
spec t rum.  Chemical  sh i f t s  were re ferenced  to c a r b o n  
disulf ide (C S~). The  chemica l  sh i f t  of CS~ f rom t e t r a m e t h y l -  
si lane (TMS) was o b t a i n e d  a t  193.98 p p m  (~ = 198.98-(9c@. 
S- [ laC]-methyla ted  t e t r a g a s t r i n  (16 mM) in DMSO-d ,  
showed  a single, n a r r o w  13C-resonance a t  167.79 p p m  
( =  26.19 p p m  f rom TMS).  W h e n  i t  was  r educed  b y  di- 
tb io th re i to l ,  t h e  chemica l  sh i f t  of laC-resonance of t he  en- 
r iched  t e t r a g a s t r i n  sh i f t ed  upfield 10.57 ppm,  i.e., a t  
178.36 ppm.  Th i s  change  in the  chemica l  sh i f t  was  in 
good a g r e e m e n t  w i t h  t h a t  r epo r t ed  b y  Jones  e t  al. 1~. 
These  taC-enriched c o m p o u n d s  w i th  wel l -def ined s t r u c t u r e  
m a y  serve as s u b s t r a t e s  su i t ab le  for  N M R - s t u d i e s  on  t he  
b i n d i n g  of gas t r i n  w i t h  i ts  receptor .  

9 M.N. Ghosh and H. O. Sehild, Br. J. Pharmae. 13, 54 (1958). 
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Summary. Glucose u t i l i za t ion ,  l a c t a t e  p r o d u c t i o n  a n d  g l u t a t h i o n e  r egene ra t i on  were measu red  in t h e  red  b lood  cells 
of 2 species of A u s t r a l i a n  Marsupia l s ,  E a s t e r n  grey  k a n g a r o o  (Macropus gigantus) and  red kanga roo  (Macropus ru/us), 
a n d  were found  to be  s ign i f i can t ly  lower  in t he  red b lood  cells f rom grey t h a n  t h a t  of red kangaroos .  

Red  cells of E a s t e r n  grey  k a n g a r o o  (Macropus gigantus) 
h a v e  cons ide rab ly  h i g h e r  a c t i v i t y  of severa l  red  cell 
enzymes  inc lur ing  those  of g lucose -6 -phospha te  dehy-  
drogenase ,  g lucose -6 -phospha te  i somerase  a n d  l a c t a t e  
dehydrogenase ,  t h a n  those  of red  kanga roos  (Macropus 
ru/us) ~. J u s t  t he  oppos i te  is t r ue  for t he  level  of r educed  
g l u t a t h i o n e  (GSH) wh ich  is h i g h e r  in t he  red cells of 
red  kanga roos  t h a n  those  of g rey  kanga roos  4. I n  con t inu -  
a t ion  of these  s tud ies  we h a v e  now  m e a s u r e d  glucose 
u t i l i za t ion ,  l a c t a t e  p roduc t ion ,  a n d  ce r t a in  aspec ts  of 
G S H  m e t a b o l i s m  in t he  red  b lood  cells of these  2 species 
of A u s t r a l i a n  marsupia l s .  
Materials and methods. Blood was o b t a i n e d  f rom la t e ra l  
t a i l  ve ins  of kanga roos  a n d  col lected in to  hepa r in i zed  
tubes .  The  red  cells were  w a s h e d  3 t i m e s  in sal ine and  a 

cell suspens ion  giving a h a e m a t r o c t i t  of a b o u t  30% was 
m a d e  in Krebs '  R inge r s  buf fe r  p H  7.4 c o n t a i n i n g  8 mM 
glucose. The  cell suspens ion  was i n c u b a t e d  ar  37~ and  
a l iquo t s  were r e m o v e d  a t  h o u r l y  i n t e rva l s  for t he  mea-  
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