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Ultrasonification of Ethylene GlycoP 

As far  as  we know,  al l  k n o w n  s y n t h e t i c  s onochem ica l  
reac t ions  r equ i re  t h e  p resence  of w a t e r  *. W e  wish  to  
r epor t  t h a t  u l t r a son ic  waves  ~ m a y  be  used to oxidize  pu re  
e thy lene  glycol  in t he  p resence  of o x y g e n  a t  0°C to 
peroxides  a (of u n d e t e r m i n e d  compos i t ion )  a n d  glycol-  
a ldehyde  a n d / o r  g lyoxal .  I n  t h e  p resence  of pu re  a rgon  
th i s  r eac t ion  does no t  occur.  D i lu t i on  w i t h  w a t e r  (up to 
75% H~O) lowers t he  pe rox ide  yield.  U n d e r  iden t i ca l  
r eac t ion  c o n d i t i o n s  p u r e  e t h y l e n e  glycol  a f fords  more  
peroxide  t h a n  does  pu re  water .  

The  k ine t ics  of pe rox ide  f o r m a t i o n  (up to 24 h) a p p e a r  
to be zero order  w i t h  k .... 0.23 zk 0.06 mM/I/h. Alde-  
hyde  fo rma t ion ,  ev idenced  b y  the  osazone  o b t a i n e d  w i t h  
2 .4 -d in i t r opheny lhyd ra z i ne~ ,  s tops  a t  ca. 10 mM/l  ~ 
af ter  12 h of u l t r a son i f i ca t ion ,  a l t h o u g h  a f t e r  24 h b o t h  
the  yel low co lour  a n d  d i s t i nc t i ve  odour  of g lyoxa l  were  
de tec ted .  Thus ,  t h e  a p p a r e n t  cessa t ion  of t o t a l  a l d e h y d e  
f o r m a t i o n  a p p e a r s  t o x b e  due  to  f u r t h e r  o x i d a t i o n  of 
g lyco la ldehyde  to  glyo al. 

Our  o b s e r v a t i o n s  i nd ica t e  t h a t  t he  m e c h a n i s m  of ox ida -  
t ion  of e t h y l e n e  glycol m a y  be  d i f f e ren t  f rom t h a t  wh ich  
occurs  in  aqueous  so lu t ion ,  s ince t he  glycol  r eac t i on  re- 
quires  t he  p resence  of oxygen ,  whereas  t h e  w a t e r  r eac t i on  
does no t  ~. Th i s  p rocedu re  does  no t  c o n s t i t u t e  a p r ac t i c a l  
m e t h o d  for  t he  s y n t h e s i s  of t h e  a l d e h y d e s  o b t a i n e d .  

Zusammen]assung. I n  G e g e n w a r t  v o n  Sauers to f f  wi rd  
~ t h y l e n g l y c o l  d u r c h  U l t r a s c h a l l  zu Pe rox iden ,  Glycol -  
a t d e h y d  u n d / o d e r  G lyoxa t  ox id ie r t .  
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8 A model T200 (Lehfeldt-GmbH) ultrasonic generator operating 
at 800 kc/sec with an energy input of 3.8 W/era I was used. The 
glycol samples were 6 ml. 

4 Peroxide was determined by the spectrophotometrie method of 
A. O. ALLE~, C. J. HOC~*ANADEL, J. A. GnORMLE~, and T. W. 
DAWS, J. phys. Chem., Ithaca 56, 575 (1952). 
T. BA~s ,  C. VAU~H~, and L. M. MARSHALt, Analyt. Chem. 27, 
1348 (1955); C. NmmERG and E. STt~AUSS, Archs Bioehem. 7, 211 
(1945). 
The aldehyde concentration was determined after all the peroxides 
had been destroyed by allowing the reaction mixture to stand 
overnight and heatiug it at ca. 100°C for 1 h. The yield therefore 
consists of aldehyde formed both directly and via thermal de- 
composition of the peroxide_s. 

S t e r e o s e l e c t i v i t y  i n  P e p t i d e  S y n t h e s i s  
u n d e r  S i m p l e  C o n d i t i o n s  

Prev ious  s tud ies  h a v e  i nd i ca t ed  t h a t  a su i t ab l e  s y s t e m  
for s t u d y i n g  p c p t i d e  s y n t h e s i s  in aqueous  so lu t ion  u n d e r  
s imple  cond i t i ons  employs  t he  c y a n a m i d c s ,  w i t h  b e s t  re- 
sul ts  coming  w i t h  s o d i u m  d i c y a n a m i d e L  I t  was  t h e  ob-  
jec t ive  of t he  p r e sen t  s t u d y  to d e t e r m i n e  if s t e reo-  
se l ec t iv i ty  was  ac t ive  in o l igopep t ide  s y n t h e s i s  which  
would d e p e n d  on  t h e  n a t u r e  of p r i m a r y  (ne ighbor)  in t e r -  
ac t ions  r a t h e r  t h a n  s e c o n d a r y  ones  (such as ~-helix,  
which  f i rs t  a p p e a r s  a r o u n d  t he  o c t a p e p t i d e  level2). 

To c a r r y  o u t  th i s  s tudy ,  L-amino  acids were b o u n d  
(earboxyl ic  ester)  to  a c h l o r o m e t h y l a t e d  p o l y s t y r e n e  res in  
accord ing  to  t he  m e t h o d  of MERRIF~ELD". Th i s  p rocedu re  
p e r m i t t e d  eas ier  s e p a r a t i o n  of p r o d u c t s  a n d  r e s t r i c t i on  of 
the  v a r i e t y  of m i x e d  p e p t i d e s  t h a t  could  b e  p r o d u c e d  
t h a n  if free m o n o m e r - m o n o m e r  i n t e r a c t i o n s  h a d  been  
used. 

P r e l i m i n a r y  resu l t s  us ing  free leucine (x4C-labeled) a n d  
b o u n d  ty ros ine  sugges ted  t h a t  s t e r eose l ec t i v i t y  m i g h t  
exis t  a t  t he  d ipep t ide  level  4, I f  t h i s  were  so, one would  
expec t  to  see the  se l ec t iv i ty  inc rease  as the  size of t he  
i n t e r a c t i n g  s idecha ins  go t  bigger .  

To t e s t  th i s  poss ib i l i ty ,  t he  fo l lowing e x p e r i m e n t s  were  
carr ied o u t  : in  each  case,  a s e p a r a t e  a q u e o u s  m i x t u r e  was 
p r epa red  c o n t a i n i n g  0 . 0 1 2 5 M  r e s i n - b o u n d  L-amino  acid,  
0 .00125M 3H. labe led  D,Ldeucine,  a n d  0 . 1 N  HC1. Whi l e  
the  m i x t u r e  (sample  A) was be ing  s t i r r ed , - fou r  10 ~ ali- 
quo t s  of sod ium d i c y a n a m i d e  (DCA) were a d d e d  5 ra in  
a p a r t  so as to  b r i n g  t he  t o t a l  c o n c e n t r a t i o n  of t he  con-  
dens ing  a g e n t  to  0 .1M.  5 ra in  la ter ,  t h e  res in  was t h o r -  
Oughly w a s h e d  w i t h  100 ml  of 0 . 0 1 N  HC1, t h e n  wate r ,  
and  f ina l ly  m e t h a n o l .  T he  dr ied  res in  was  p laced  in 1 m l  
of Tris buf fe r  (pH 8.0) containing leucine a m i n o p e p f i d a s e  
(LAP).  Af te r  the  i n c u b a t i o n  period,  t h e  resin was aga in  

w a s h e d  w i t h  100 mI of 0.01 N HC1, t h e n  water ,  a n d  f ina l ly  
ace tone .  A n o t h e r  s a m p l e  (B) was t r e a t e d  in e x a c t l y  t h e  
s ame  fash ion  e x c e p t  t h a t  the  e n z y m e  s t ep  was e l imina t ed .  
B o t h  samples  were m e a s u r e d  b y  sc in t i l l a t i on  coun t ing .  
Leuc ine  a m i n o p e p t i d a s e  h y d r o l y z e s  off N - t e r m i n a l  L- 
a m i n o  acids  exclus ivelyS;  t h e  r e ad ing  for s a m p l e  A would  
t he r e fo re  i nd i ca t e  t h e  a m o u n t  of D-leucyl-L-amino acid 
d i p e p t i d e  p r o d u c e d  because  t he  r a d i o a c t i v i t y  is d u e  to  
leucine  a n d  t he  e n z y m e  h a d  r e m o v e d  (hydro lyzed)  L- 
leucine f rom t h e  res in .  On  t h e  o t h e r  h a n d ,  t h e  r e ad ing  for  
s a m p l e  B would  i n d i c a t e  t he  s u m  of the  D-leucyl-L-amino 
acid a n d  L-leucyl-L-amino acid  d ipep t ides  fo rmed .  Thus ,  

B - A ED + L] -- CD] 
B = E , ~ ] + E L ] ; A = [ D ~ ; [ L ~ / [ D ~ - -  A - Cv] 

Accord ing  to  t he  h y p o t h e s i s  se t  u p  for  th i s  work,  if 
s t e r eose l ec t i v i t y  does  in  f ac t  occur  a t  t h e  d i p e p t i d e  tevel ,  
t h e  B/D v a l u e  shou ld  increase  (B/D => 1) as  t h e  side- 
c h a i n s  (R) i n v o l v e d  get  b igger  (i.e. inc reased  s idecha in  
in t e r ac t ion ) .  The  L-amino  acids  se lec ted  to  b i n d  to t h e  
res in  were m e m b e r s  of t he  s t r a i g h t  c h a i n  homologous  
a l i pha t i c  series of a l an ine  (R = CH3), e - a m i n o b u t y r i c  ac id  
(R .... CH,CH3), n o r v a l i n e  (R = CH~CH2CHa), a n d  nor -  
leucine  (R = CH~CH2CH,CHa).  Glyc ine  (R = H),  a l t h o u g h  
i t  does  n o t  c o n t a i n  a n  a s y m m e t r i c  ca rbon ,  is t he  p a r e n t  
a m i n o  acid of t h i s  series a n d  i ts  h y p o t h e t i c a l  'L/D' va lue  
can  be  t a k e n  as 1.0. T h e  b r a n c h e d  cha in  series  of va l ine  

i G. STEINMAN, D. H. K ~ v o ~  and M. CALVIn, Nature 206, 707 
(1965); Biochim. biophys. Aeta 124, 339 (1966). 
G. WAL•, Ann. N.Y. Acad. Sci. 69, 352 (1957). 

a R. B. MEa~IFtELD, Biochemistry 3, 1385 (1964). 
G. STEtm~AN and C. EStlELMAN, unpublished results. 

5 E. L. S.~t~rH, in Methods in Emymology (Ed. S. P, COLOW~CK and 
N. O. KAPLAN; Academic Press hm., New York 1957), voL II. 
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(R = CH(CHs)CH3) , leucine (R = CH,.CH(CH3)CH3) and 
isoleucine (R = CH(CH3)CH2CH3) was also studied.  

The  results  failed to  demons t r a t e  a def ini te  p a t t e r n  of 
increasing L/D values  as t he  size of the  s idechain of t he  
res in-bound L-amino acid increased.  (In each case, D,L- 
leucine was the  free amino  acid used.) A m e a n  va lue  of 
1.0 wi th  an  average  dev ia t ion  of  -4- 0.2 was observed.  
There  was no appa ren t  corre la t ion of r e su l t an t  va lues  
wi th  the  size of the  s idechain involved.  (Appropr ia te  con- 
t rol  exper iments  for the  expe r imen ta l  m e t h o d  used have  
a l ready  been repor ted  ". ) The  posi t ive  results  no ted  wi th  
the  leucyl tyros ine  sys tem m a y  involve  the  addi t ional  fac- 
to r  of the  polar  na tu re  of t he  s idechain of tyrosine,  al- 
t hough  this  remains  to be examined  more  thoroughly .  

In  order  to be cer ta in  t h a t  the  resul ts  no ted  wi th  t he  
res in-bound procedure  were also appl icable  to unbound  
systems,  the  combina t ion  yielding the  least  n u m b e r  of 
di f ferent  d ipept ides  ( leucyMeucine) was studied.  W i t h  the  
use of D,e-Ieucine-4, 5-H s and L-leucine-l-C 14, as well  as 
leucine aminopep t idase  (LAP),  t he  fol lowing ana ly t i ca l  
scheme,  out l ined in t e rms  of t he  labeled compounds  in- 
v o l v e d ,  was devised.  (The word  ' leucine '  has  been  
omit ted . )  : 

DCA 
(~H): L* + D* ~, L*-L* + L*-D* + D*-L* + D*-D* (1) 

LAP 
L* + D e, L $ '+ D$ 'L * -~- D*'D* (2) 

DCA 
(14C) : L* -t- D ll~ L * 'L$  + L*'D + D'L $ + D-D (3) 

LAP 
I.* + L$+D + D-L* + D-D (4) 

In  th is  scheme, labeled substances  are indica ted  wi th  an  
aster isk (*).. Since in the  a4C exper iments  (Nos. 3 and 4) 
D-leucine is unlabeled,  D-leucyl-D-leucine (D-D) is no t  ob- 
served by  rad io t racer  techniques .  Scint i l la t ion spectro-  
m e t r y  can  read i ly  d i f ferent ia te  be tween  t r i t i um and 
carbon-14 in t he  same sample.  

An  aqueous  solut ion was prepared  con ta in ing  D,L- 
leucine, HCI, and sod ium d icyanamide  (DCA) as before. 
T h e  only  except ions  were t h a t  t he  HC1 concen t ra t ion  was 
0.12N, the  D,L-teucine concen t ra t ion  (all unbound)  was 
0 .02M, and b o t h  x4C-L-leucine and *H-D,L-leucine were 
included toge the r  in t he  same react ion mixture .  The  en- 
zyme step (LAP) was carried out  by  first  neut ra l iz ing  the  
p roduc t  solut ion wi th  N a H C O  3 and then  placing i t  in 
Tris buffer  (pH 8.0) conta in ing  the  leucine aminopep t i -  
dase. Al iquots  of the products ,  bo th  af ter  react ion wi th  
DCA (Nos. 1 and 3) and af ter  subsequent  t r e a t m e n t  wi th  
L A P  (Nos. 2 and 4), were resolved by  paper  electrophoresis  
in bora te  buffer  a t  p H  9.2. The  d imer  bands,  de tec ted  b y  
au torad iography ,  were cu t  ou t  and analyzed  by  scintil la- 
t ion spec t romet ry .  B y  the  e lec t rophore t ic  m e t h o d  used, 

all the  d ias tereomer ic  d ipep t ide  products  appeared  to- 
ge ther  as one band  and  the  monomers  as another .  

This  m e t h o d  led to  t he  fol lowing calcula t ions  (P = di- 
mer  p r o d u c t ;  example ,  l P -  d imer  band  f rom experi-  
m e n t  No. 1) : 

(IP) = [L-L] + [L-~] + [D-L] + [D'D] ] 8H 
(2P) = [D-L] + [D-D] ] 
(3P)  = [L-L] + [L-D] @ [D'L] ] i4C 
(4P) = [D-L] 1 

(2P)-(4P) = [n-D] Nos. 2, 4 = LAP-treated 

4P [D-L] 
L/D 

2P-4P [D-D] 

Thus,  appropr ia te  analysis  of the  L A P - t r e a t e d  d imer  
p roduc t  plus knowledge  of t he  to ta l  a c t i v i t y  employed  
would  p rov ide  the  desired data .  The  resul ts  gave  an LID 
value  of 1.2, which compares  qui te  well  wi th  the  t.1 
f igure found wi th  t he  res in-bound system.  This  would  
fur ther  cor robora te  t he  conclusion t h a t  l i t t le ,  if any,  
s te reose lec t iv i ty  is ev iden t  a t  t he  o l igopept ide  level  on 
the  basis of preferent iM interact ions .  

I n  the  con t ex t  of possible even ts  which m a y  have  oc- 
curred on the  p r imi t ive  Ear th ,  these results  suggest  t h a t  
the  synthesis  of s te reohomogeneous  po lypept ides  would  
have  had to depend  on chance  associat ions a t  the  s imple 
pep t ide  level  and then  on s tabi l iza t ion of homopo lymers  
by  the  a-hel ix  a t  h igher  degrees of po lymer iza t ionL  (See 
reference ~ for a more deta i led  discussion of the  p rob lem 
of prebiological  s tereoselect ivi ty .)  

ZusammenJassung. Die U m s e t z u n g  yon  D,L-Leucin mi t  
verschiedenen n-Aminos/ iuren und Dicyanamid  als Kon-  
densa t ionsmi t te t  zu Ol igopept iden verI~uft  n ich t  s tereo-  
selekt iv.  Die B e d e u t u n g  dieser  Beobach tung  in bezug auf  
den  Ursprung  des Lebens  wird diskut ier t .  
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D i e t a r y  C h o l e s t e r o l  and Act iv i ty  of  E n z y m e s  
H y d r o l y z i n g  and S y n t h e s i z i n g  C h o l e s t e r o l  Es ter  

in P a n c r e a t i c  Ju i ce  of  Rat s  

Di e t a ry  cholesterol  esters are hydro lyzed ,  p resumab ly  
in the  lumin of t he  smal l  intest ine,  before absorpt ion  into  
the  in tes t inal  mucosa  t. F ree  cholesterol  is esterified pr ior  
to  t he  t ransfer  of cholesterol  in to  t he  in tes t ina l  l ympha -  
tics, ma in ta in ing  a ra t io  of esterif ied to  free cholesterol  of 
a p p r o x i m a t e l y  2-3 :  I in in tes t ina l  l y m p h  1. E n z y m e s  de-  

r ived f rom the  pancreas  are bel ieved to be invo lved  in 
bo th  the  hydrolys is  of the  esters and the  ester i f icat ion of 
free cholesterol  1. Feed ing  ra ts  a high cholesterol  diet  does 
no t  increase the  a c t i v i t y  of these  enzymes  in the  pan-  
cress *. The  present  s tudy  was unde r t aken  to de te rmine  

1 DEW. S. GOODMAN, Physiol. Rev. dS, 747 {1965). 
2 S. K. MURTIIY, S. MAHADEVAN, and J. GAN~ULY, Archs. Biochem. 

Biophys. 95, 176 (1961). 


