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A m i n o t r a n s f e r a s e  A c t i v i t y  of  T h e r m a l  P o l y l y s i n e  

T h e r m a l  p o l y a n h y d r o - e - a m i n o  acids (proteinoid),  which  
have  been  syn thes i zed  u n d e r  t he  condi t ions  of t he  pr imi-  
t ive  E a r t h  and  which  con ta in  18 amino  acids c o m m o n  to  
prote in ,  exh ib i t  amino t r ans fe r a se  ac t iv i t ies : .  The  m o s t  
ac t ive  p ro te ino id  was  t h a t  w i th  a h igh  p ropor t ion  of 
lysine.  F r o m  ac t iv i ty  t e s t s  of more  s imple  copo lymers  of 
lysine w i t h  o t h e r  amino  acids and  of homopolymers ,  i t  
could be  der ived  t h a t  t h e  m o s t  ac t ive  form of poly-  
a n h y d r o - a - a m i n o  acids was  t h e r m a l  polylys ine  x, 

F o r  th is  s t u d y  several  ba t ches  of t h e r m a l  poly lys ine  ~ 
were  p r e p a r e d  ind iv idua l ly  u n d e r  asept ic  cond i t ions  3 and  
t e s t ed  for  a m i n o t r a n s f e r a s e  ac t iv i ty  in a s y s t e m  con ta in -  
ing 0.1 m2vl CuSO4, 0.1 m M  urea  a n d  0.1 m M  e-ke to-  
g lu tar ic  ac id  (KGA) ad ju s t ed  to  p H  7.0 w i th  BR:TTO~- 
ROB:NSON buf fe r  ( tenfold concent ra t ion) .  The  incuba t ion  
was  accompl i shed  in a w a y  t h a t  exc luded  microbia l  
c o n t a m i n a t i o n s  3,4. The  incuba t ion  t e m p e r a t u r e  was  
37.5 °C unless  o therwise  descr ibed.  Af t e r  a g iven incuba-  
t ion  per iod,  18.5 m g  of E D T A  was  a d d e d  to  t h e  t r an s -  
a m i n a t i o n  sys tem,  s u b s e q u e n t l y  t he  sample  was  ad ju s t e d  
to  p H  1 a n d  desa l t ed  t h r o u g h  a L e w a t i t  S 100 ion ex-  
change  co lumn (gift f rom F a r b e M a b r i k e n  Bayer ,  Lever -  
kusen,  Germany) .  The  e f f luent  con ta inh :g  g lu tamic  acid 
was  c o n c e n t r a t e d  to  d ryness  in a f lash e v a p o r a t o r  a n d  
used for  q u a n t i t a t i v e  amino  acid assay  on an  a u t o m a t i c  
device  s. 

More t h a n  10 ind iv idua l ly  p r epa red  ba t ches  of t h e r m a l  
po ly lys ine  showed,  w i th  no except ion ,  amino t r ans fe r a se  
a c t i v i t y  as expressed  b y  the  fo rma t ion  of g lu tamic  acid 
(Table I). Most  of t he  p r epa ra t i ons  fo rmed  a gel-like mass  

Table I. Formation of glutamie acid by transamination reaction 
catalyzed by thermal polylysine 

Polymer or control Glutamic 
acid/zM 

(a) Thermalpolylysine (LSD-1) + CuSO a + 3.45 
KGA + urea 

(b) urea + CuSO~ + KGA 0.00 
(e) LSD-I + urea + KGA 0.00 
(d) LSD-1 + CuSO4 + KGA 0.00 
(e) LSD-I + CuS0 4 0.00 
(f) LSD-1 + KGA 0.00 
(g) LSD-1 + urea 0.00 
(h) LSD-1 0.00 
(i) Thermal polylysine (LSD-2) + CuSO, + 3.72 

KGA +urca  
(k) Thermal polylysine (LSD-3), water-insoluble + 4.02 

CuSO a + KGA + urea 
(1) Thermal polylsine (LSD-3), water-soluble, 3.29 

m.w. 200.000, + CuSO 4 + KGA + urea 
(m) Thermal polylsine (LSD-4} + CuSO 4 + 3.37 

KGA + urea 
{n) Thermal polylsine [LSD-5) + CuSO 4 + 5.27 

KGA + urea 
(o) Thermal polylsine (LSD-6) + CuSO 4 + 4.62 

KGA + urea 
(p) Thermal polylysine (LSD-7) + CuSO 4 + 4.61 

KGA + urea 
(q) Thermal polylysine (LSD-8) 4- CuSO, + 3.94 

KGA + urea 
(r) Thermal polylysine (LSD-9) + CuSO 4 + 3.28 

KGA + urea 
(s) Thermal polylysine (LSD-t0) + CuSO 4 + 3.89 

KGA + urea 

Experimental conditions: 10 mg polylysine, 0.1 mM CuSO 4 0.1 mM 
KGA and 0.1 mM urea; incubation at 37.5°C for 2 h. 

when  suspended  in wa te r  or buf fe red  solutions.  T h e y  were  
insoluble in minera l  and  organic acids, alkalies, and  organic 
solvents .  One of t he  ba t ches  (LSD-3), however ,  was solu- 
ble in w a t e r  and  buf fe red  solutions.  The  molecular  weigh t  
of th is  p r e p a r a t i o n  was  e s t ima ted  in t he  ana ly t ica l  u l t ra-  
cent r i fuge  to  be 200,000. 

F igure  1 d e m o n s t r a t e s  t he  course of t h e  t r a n s a m i n a t i o n  
reac t ion  depend ing  on the  t ime of incuba t ion .  

K ine t i c  s tudies  of th is  r eac t ion  h a v e  s h o w n  t h a t  i t  
obeys  MICHAELIs-MENrEr~ kinet ics  as expressed  b y  the  
LINEWEAVER-BURK plot ( F i g u r e  2). The  MICHAELIS con- 
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Fig. 1, Effect of thermal polylysine on rate of transamination in 
aqueous solution as expressed by formation of glutamic acid from 
~-ketoglutaric acid and urea as the NH2-grou p donor. 
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Fig. 2. Ln~F.WEAVER-BURK plot of transamination reaction in the 
presence of thermal polylysine in aqueous solution. 
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s t a n t  (Krn) for  t h i s  r e a c t i o n  a t  p H  7.00 a n d  37.5°C is 
2.86 × 10-4M.  T h e  c a t a l y t i c  c o n s t a n t  for  w a t e r - i n s o l ub l e  
p r e p a r a t i o n s  is p r o b a b l y  more  favorab le .  Ca lcu la t ed  for  
L S D - 3  t h e  ca t a ly t i c  c o n s t a n t  is 0 . 6 M  g l u t a m i c  acid per  
m i n  pe r  1 M polylysine .  A cor re la t ion  b e t w e e n  molecu la r  
w e i g h t  a n d  a m i n o t r a n s f e r a s e  a c t i v i t y  c an  be  de r ived  f rom 
s tud ies  on  pa r t i a l  h y d r o l y s a t e s  of t h e r m a l  po ly lys ine  
(F igure  3). W h i l e  lys ine  (monomer )  a n d  t o t a l  h y d r o -  
lysa tes  of t h e r m a l  po ly lys ine  are  c o m p l e t e l y  inac t ive ,  
a c t i v i t y  increases  w i t h  t h e  rec iproca l  degree  of hydro lys i s .  
F r o m  these  r e su l t s  we conc lude  t h a t  wa te r - in so lub le  
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Fig. 3. Inhibition of transamination reaction catalyzed by partial 
hydrolysis of polylysine. Experimental conditions: 20 mg thermal 
polylysine, 0.1 mM KGA and 0.1 mM CuS0,; incubation at 37.5 °C 
for 2 h. 20 mg of thermaI polylysine were hydrolyzed for 24 h by 1, 
2, 3, 4, and 5N HC1 at 109°C prior to the transamination trial. 

p r e p a r a t i o n s  of t h e r m M  po ly lys ine  h a v i n g  t h e  h i g h e s t  
a c t i v i t y  c o m p a r e d  w i t h  wa te r - so lub l e  p r e p a r a t i o n s  
s h o u l d  h a v e  a h ighe r  molecu la r  w e i g h t  t h a n  LSD-3 .  

T h e r m a l  p o l y a n h y d r o - ~ - a m i n o  acids  t h a t  ca t a lyze  t he  
hydro lys i s  of p - n i t r o p h e n y l  a c e t a t e  c an  be  a l m o s t  t o t a l l y  
i n a c t i v a t e d  b y  h e a t i n g  in buf fe red  so lu t ions  ~. T h e r m a l  
polylys ine ,  however ,  does  n o t  lose i ts  a m i n o t r a n s f e r a s e  
ac t iv i ty ,  even  w h e n  i t  is h e a t e d  in buf fe red  so lu t ions  a t  
90 °C for 2 h.  

S tud ies  o n  t h e  in f luence  of t e m p e r a t u r e  ef fec t  o n  t h e  
sa id  t r a n s a m i n a t i o n  s y s t e m  revea led  t h a t  i t s  a c t i v i t y  is 
inc reased  b y  e l eva t ed  t e m p e r a t u r e s  (Figure  1). 

Modi f i ca t ion  of a m i n o  g roups  of t h e r m a l  po ly lys ine  b y  
t r i n i t r o b e n z e n e s u l f o n i c  acid 7, d in i t r o f l uo rbenzene  s a n d  
a c e t y l a t i o n  0 caused  comple t e  i n a c t i v a t i o n  of t he  po lymer .  

Severa l  b a t c h e s  of poly-L-lysine,  HBr ,  syn thes i zed  b y  
t h e  LEUCHS m e t h o d ,  d id  n o t  show a n y  a m i n o t r a n s f e r a s e  
a c t i v i t y  in  t h e  s y s t e m  used. W e  conc lude  f rom these  re-  
su l t s  t h a t  t h e  t r a n s a m i n a t i o n  a c t i v i t y  of t h e r m a l  poly-  
lys ine  d e p e n d s  o n  t he  degree  of po lymer i za t ion ,  t h a t  is to  
say  t h e  molecu la r  weight ,  t he  s h a p e  of t h e  macro-  
molecule  and ,  in  c o n n e c t i o n  w i t h  bo th ,  on  t h e  n u m b e r  of 
ava i l ab l e  a m i n o  groups.  

G l u t a m i c  ac id  fo rmed  in t h e  t r a n s a m i n a t i o n  r eac t i on  
descr ibed  was 50% L a n d  50% D as t e s t e d  b y  use  of L- 
g l u t a m i c  ac id  d e c a r b o x y l a s e  a n d  D-amino  acid ox idase  10 

F u r t h e r m o r e ,  d e r i v a t i v e s  of u r e a  were  t e s t e d  for  t h e i r  
in f luence  on  t he  t r a n s a m i n a t i o n  reac t ion .  Modi f i ca t ions  of 
t he  c a r b o n y l  g roup  of u r ea  h a d  a n  i n h i b i t o r y  effect  on  t h e  
f o r m a t i o n  of g l u t a m i c  acid, whi le  mod i f i ca t ions  of t h e  
a m i n o  g roups  were  far  less ef fec t ive  in  t h i s  respec t  
(Table  II) .  

I r r a d i a t i o n  of t h e r m a l  po ly lys ine  in  a d r y  s t a t e  w i t h  
a n  U V - l a m p  (2570 _~ a n d  3650 /~) for  30 ra in  d id  n o t  
c h a n g e  t h e  a c t i v i t y  of t he  po lymer .  

Table II. Formation of glutamic acid by transanfination reaction 
from urea and urea derivatives by thermal polylysine 

Glutamic acid t ,M 
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Fig. 4. Influence of the temperature of incubation on the rate of 
transanfination reaction expressed by the formation of glutamic acid. 
Experimental conditions: I0 mg thermal polyl}~ine, 0.1 mM KGA, 
and 0.I mM CuSO 4. Incubation at the given temperatures for I h (1), 
2 h (2), and 3 h (3). 

Urea 3.29 
Thiourea 0.25 
Methylurea 3.04 
Aeetylurea 3.04 
Biuret 2.58 
N-Methylacetamide 1.98 

Experimental conditions: 0.1 ttM LSD-3, water-soluble~ 0.1 mM 
urea or derivative, 0.1 mM CuS04 and 0.1 mM KGA; incubation at 
37.5 °C for 2 h. 
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These  r e su l t s  cou ld  exp la in  a t  l eas t  in  p a r t  how,  u n d e r  
t h e  c o n d i t i o n s  of t h e  p r i m i t i v e  E a r t h ,  t h e  f i r s t  e n z y m e s  
could  h a v e  come  in to  exis tence ,  a n d  h o w  t h e y  could  h a v e  
s u r v i v e d  t h e i r  exposu re  to  e l eva t ed  t e m p e r a t u r e s  a n d  
s t r o n g  U V - l i g h t  n,l~. 

n We wish to express our most sincere thanks to Professor S. W. 
Fox for his support, encouragement, and advice during the course 
of this work and his valuable criticism of the manuscript. We are 
also indebted to Dr. H. HARDEBECK who repeated the key experi- 
ments independently from written directions only. We thank Dr. 
GRUBER, Bioehemisehe Abteilung Tutzing, C. F. Boehringer & 
S6hne GmbH, Germany, for reading the manuscript, as well as 
for his comments. 

x2 This investigation was sponsored by a subgrant of the University 
of Miami and by the Deutsche Forsehungsgemeinsehaft. 

Zusammen[assung. T h e r m i s c h  he rges te l l t e s  Po ly lys in  
besch Ieun ig t  die O b e r t r a g u n g  y o n  A m i n o g r u p p e n  des  
H a r n s t o f f s  au f  ~-Ketoglutars /~ure .  Das  p H - O p t i m u m  die-  
ser  R e a k t i o n ,  die die A n w e s e n h e i t  y o n  C u - I o n e n  e r forder t ,  
l iegt  be i  7.00. Die  T r a n s a m i n i e r u n g s r e a k t i o n  fo lg t  
de r  MlCtlAELIS-MENTEN-Kinetik. T h e r m i s c h  he rges te l l t e s  
Po ly lys in  wi rd  d u r c h  E r h i t z e n  in P u f f e r l 6 s u n g e n  n i c h t  
i n a k t i v i e r t ,  wAhrend  D e p o l y m e r i s a t i o n  oder  Modifizie-  
r u n g e n  de r  A m i n o g r u p p e n  den  Ve r lu s t  de r  A k t i v i t ~ t  zu r  
Fo lge  h a b e n .  
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Secretory Responses of the Submaxillary Gland in Hypophysectomized Rats after Treatment 
with Thyroxine 

E n d o c r i n e  glands,  m a i n l y  the  h y p o p h y s i a l  a n d  t h y r o i d  
g lands  a n d  t h e  gonads ,  are  k n o w n  to  a f fec t  t he  s t r u c t u r e  
of s a l i v a r y  g lands  in  r o d e n t s  1-s. R e g a r d i n g  g l a n d u l a r  
func t ion ,  p r ev ious  resu l t s  i nd i ca t e  t h a t  h o r m o n a l  factors ,  
p a r t i c u l a r l y  t h y r o x i n e ,  are of g r ea t  i m p o r t a n c e  for  t h e  
sec re to ry  responses  of t he  r a t ' s  s u b m a x i l l a r y  g land  to  
p a r a s y m p a t h o m i m e t i c s  4. To s t u d y  t he  role of t h y r o x i n e  
i t s  effects  on  t h e  t h r e s h o l d  dose of ace ty l cho l ine  a n d  on  
t he  m a x i m a l  s ec re to ry  responses  to  s t i m u l a t i o n  of t h e  
cho rda - l i ngua l  n e r v e  or  p i loca rp ine  of t he  s u b m a x i l l a r y  
g l and  were  d e t e r m i n e d  in h y p o p h y s e c t o m i z e d  ra ts .  

T w e n t y - f i v e  female  r a t s  were  used.  H y p o p h y s e c t o m y  
was  p e r f o r m e d  a t  t h e  age of 110-120 d a y s  in  all  an imals .  
T h e  e x p e r i m e n t s  were  p e r f o r m e d  7 weeks  a f t e r  t h e  ope ra -  
t ion.  T h i r t e e n  r a t s  were  u n t r e a t e d  whi le  12 rece ived  da i ly  
s.c. i n j ec t ions  of a phys io log ica l  dose  of t h y r o x i n e  s, 6.5 lug 
L- thyroxine ,  for  3 weeks  s t a r t i n g  t h e  t r e a t m e n t  4 weeks  
a f t e r  h y p o p h y s e c t o m y .  T h e  com pl e t enes s  of h y p o p h y s -  
e c t o m y  was  checked  6. T he  h y p o p h y s e c t o m y  was  incom-  
p le t e  in  6 an imals .  T h e  re su l t s  re fer  to  19 r a t s  where  
microscopic  e x a m i n a t i o n  r evea l ed  no  o t h e r  h y p o p h y s i a t  
cells t h a n  sma l l  p a r s  t u b e r a t i s  cells l in ing  t h e  p i t u i t a r y  
s ta lk .  

T o  s t u d y  t h e  sec re to ry  responses  t h e  r a t s  were  anaes -  
t h e t i z e d  us ing  chlora lose  (100 mg/kg)  i.v. a f t e r  p r e l i m i n a r y  
e the r .  T h e  s u b m a x i l l a r y  duc t s  were exposed  in t h e  neck  
a n d  c a n n u l a t e d  w i t h  smal l  glass c a n n u l a e  g iv ing  a b o u t  

100 d rops  ou t  of 1 ml  of d is t i l led  water .  Secre t ion  appea r -  
ing a t  t h e  t ip  of t h e  c a n n u l a  was  m a r k e d  on  a s m o k e d  
d r u m .  A series of doses of t h e  h y d r o c h l o r i d e  of ace ty l -  
chol ine  (0.05-5 #g/kg)  was  g iven  i.v. to  e s t i m a t e  t h e  
t h r e s h o l d  dose. T h e  m a x i m a l  sec re to ry  r e sponse  of t h e  
g l and  was  e s t i m a t e d  b y  s t i m u l a t i n g  t he  cho rda - l i ngua l  
n e r v e  b y  20 shocks/sec,  w h i c h  is k n o w n  to  cause  a secre- 
t ion  of m a x i m a l  r a t e  7, or  b y  g iv ing  p i loca rp ine  i.v. in 
inc reas ing  doses  f rom 50-200 /~g /kg  e v e r y  30-60 see un t i l  
t h e  m a x i m a l  f low r a t e  was  reached .  T h e  m a x i m a l  secre- 
t o r y  r e sponse  is expressed  as ~1 s a l i v a / r a i n / g l a n d  or  /A 
s a l i v a / m i n / m g  g l a n d u l a r  t i s sue  (dry  weight) .  Af t e r  t h e  
e x p e r i m e n t s  t h e  s u b m a x i l l a r y  g lands  were  ca re fu l ly  
c l eaned  a n d  we ighed  .(wet weight ) .  T h e  d r y  we igh t  was  
d e t e r m i n e d  a f t e r  h e a t i n g  to  105-110 °C for 48 h. 

T h e  size of t h e  s u b m a x i l l a r y  g l and  was  f o u n d  to  be  
inc reased  b y  a b o u t  50% in  h y p o p h y s e c t o m i z e d  r a t s  a f t e r  

x A. LACASSAGNE~ C. r. S6anc. Soe. Biol. 133, 180 (1940). 
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4 p. OltLIN, Q. J1 exp. Physiol. 50, 446 (1965). 
W. E. GRIESBACtt, T. I-I. KI~NNEDY and H. D. PURVES, Endo- 
crinology 44, 445 (1949). 

6 D. JACOBSOHN, Acts endoer., Copenh. 35, 107 (1960). 
P. O~LI~, Acts Univ. lurid. II. 23, 1 (1965). 

Weight of submaxillary glands and maximal secretory responses to chorda stimulation or pilocarpine in rats after hypophysectomy and in 
hypophyseetomized rats given thyroxine 

Glands Maximal secretory responses 

No. Wet weight Dry weight Chords stimulation Pilocarpine 
(rag) (rag) 

No. /zl]min /zl/min/mg No. /~l/min /~llmin/mg 

Hypophysectomy 11 66 4- 3.7 14.1 :t: 0,87 7 13 d: 1,6 0.89 -4- 0.083 7 4,5 :t: 0.30 
Hypophysectomy + 8 100 ! 6.4 ~ 21 4- 1.4~ 4 40 4- 5.7 b 1.9 4- 0.18 a 7 10.9 :J= 0.86 a 
thyroxine 

0.32 4- 0.026 
0.53 4- 0.049 b 

Values are mean 4- S.E.M. • P < 0.001. b p < 0,01 when compared with hypophysectomy. 


