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A N e w  P l a s m a  Kinin in the Turtle ,  Pseudemys scripta elegans 
A l t h o u g h  the re  is m u c h  i n f o r m a t i o n  concern ing  b r a d y -  

k in in  a n d  o the r  p l a s m a  k in ins  in  m a m m a l s  a n d  birds,  
t he re  is on ly  s c a n t y  knowledge  of these  vasodepressor  
a n d  smoo th -musc l e  s t i m u l a t i n g  pep t ides  in  o the r  ver-  
t e b r a t e s  ~-s. There fore  s tud ies  were e x t e n d e d  to  t he  tur t le ,  
Pseudemys scripts elegans. Blood f rom th i s  species was 
col lected f rom the  left  a o r t a  in  s i l iconed p las t ic  syringes,  
l igh t ly  hepar in ized ,  a n d  cen t r i fuged  a t  2000 g for 30 m i n  
a t  4 ~ The  p l a s m a  o b t a i n e d  was d i lu ted  1 : 1 w i t h  t u r t l e  
sa/line*, a n d  i n c u b a t e d  w i t h  glass beads  (surface area,  
50 cm~/ml u n d i l u t e d  p lasma)  for 40 m i n  a t  25 ~ in t h e  
presence  of t he  k in inase  inh ib i to r ,  8 -hyd roxyqu ino l ine  
su l fa te  (1 m g / m l  u n d i l u t e d  p lasma) .  Assay  on  t he  i so la ted  
r a t  u t e rus  5,5 aga ins t  s y n t h e t i c  b r a d y k i n i n  (Sandoz)  
showed  a m a r k e d  release of kinin,  be t w een  0.6 and  
3.0 ~zg/ml u n d i l u t e d  p lasma,  b r a d y k i n i n  equ iva len t .  Dur-  
ing t he  course of these  expe r imen t s ,  o the r  workers  7 
r epo r t ed  s imi la r  resu l t s  for t he  a l l i g a t o r  and  for o the r  
species of tu r t les .  F u r t h e r  s tud ies  in  our  l a b o r a t o r y  
showed  t h a t  t h e  enzymic  m e c h a n i s m s  f o r  t he  p r o d u c t i o n  
of t u r t l e  k in in  were closely s imi la r  t o  those  of r a t  p lasma.  
However ,  t h i s  d id  no t  i m p l y  t h a t  t he  k in ins  p roduced  
were ident ica l ,  and  the re fore  pu r i f i ca t ion  of t u r t l e  k in in  
was car r ied  out .  

900 ml  of p l a s m a  was o b t a i n e d  f rom 30 tur t les ,  a n d  
k in in  was re leased b y  glass ac t iva t ion ,  as descr ibed  above .  
Free  k in in  was e x t r a c t e d  f rom p l a s m a  b y  t he  fol lowing 
modi f ied  b u t a n o l  e x t r a c t i o n  procedureS:  t he  p l a s m a  was 
t r e a t e d  w i t h  e thanol ,  a n d  f i l tered free of p r ec i p i t a t e ;  t h e  
f i l t r a t e  was  w a s h e d  w i t h  e t h e r  in  t he  presence  of g lac ia l  
acet ic  acid, e v a p o r a t e d  to  d ryness  a t  40 ~ a n d  0.1 m m  Pig 
pressure ,  a n d  t a k e n  up  in s a t u r a t e d  sod ium chlor ide  
so lu t ion ;  t he  r e su l t ing  so lu t ion  was e x t r a c t e d  w i t h  b u t a n o l  
a t  p H  1.5. The  b u t a n o l  e x t r a c t  was  reduced  to  d ryness  
in  a f lash  evapora to r ,  and  t he  res idue  was dissolved in 
0 . 0 2 M  a m m o n i u m  ace t a t e  buffer ,  p H  5.0. Th i s  so lu t ion  
was passed  t h r o u g h  a G-25 S e p h a d e x  gel f i l t r a t ion  
co lumn  ( 9 0 •  cm), and  t he  oxy toc ic  a c t i v i t y  was 
found  to  e lute  as a single peak.  T he  ac t ive  e lua te  was 
app l ied  to a CM-Sephadex  ion exchange  res in  in t he  
same buffer .  A g rad i en t  to  1 . 0 M  a m m o n i u m  ace ta te ,  
p H  5.0, e lu ted  t h e  k in in ,  aga in  as a single peak.  The  
overa l l  pu r i f i ca t ion  was 1475-fold, as j udged  b y  t he  
increase  in t he  oxytoc ic  a c t i v i t y  per  m g  of t o t a l  ' pep t ide '  
(me thod  of LowRY, ROSEBROUGH, FARR a n d  RANDALL9). 
A s u m m a r y  of t he  pur i f i ca t ions  o b t a i n e d  is g iven  in 
Tab le  I. 

Chemical  and  pha rmaco log ica l  t es t s  were m a d e  on  t h e  
ac t ive  e lua tes  a t  va r ious  s tages  of pur i f ica t ion .  Tur t l e  
k in in  showed  c h r o m a t o g r a p h i c  b e h a v i o u r  ind i s t ingu i sh-  
able  f rom t h a t  of b r a d y k i n i n  on  gel f i l t r a t ion  co lumns  
(G-25 Sephadex) ,  ion exchange  co lumns  (CM-Sephadex) ,  
a n d  on p a p e r  c h r o m a t o g r a p h y  in b u t a n o l  : acet ic  acid : 
water ,  4: 1 :5 ;  in con t ras t ,  t h e  s y n t h e t i c  ana logue  lys- 
b r a d y k i n i n  (Schwarz  Bioresearch)  was  sha rp ly  s epa ra t ed  
b y  t he  las t  two sys tems.  Desp i te  these  c h r o m a t o g r a p h i c a l  
results ,  mu l t i p l e  pha rmaco log ica l  assays  showed  m a r k e d  
differences be tween  s y n t h e t i c  b r a d y k i n i n  and  t u r t l e  k in in  
w h e n  t h e y  were t e s t ed  d i rec t ly  aga ins t  one a n o t h e r  on  
ce r t a in  of t h e  fol lowing p r e p a r a t i o n s :  i sola ted r a t  u t e rus  5, 
i so la ted  r a t  u t e rus  sensi t ized w i t h  c h y m o t r y p s i n  1~ r a t  
d u o d e n u m  (re laxat ion)  n,  gu inea-p ig  i l eum 12, r a t  b lood 
pressure  (vasodepressor)  12 a n d  r a b b i t  b lood pressure  
(vasodepressor)  12. Tests  were car r ied  ou t  b y  t he  4 -po in t  
s t a t i s t i ca l  m e t h o d  5, us ing  s y n t h e t i c  b r a d y k i n i n  as s t and -  
ard, and  t he  resu l t s  are g iven  in Tab le  I I ,  w i t h  t h e i r  
errors  expressed  as conf idence  l imits ,  p 0.05. I f  t u r t l e  
k in in  a n d  b r a d y k i n i n  were ident ical ,  t h e  ra t ios  b e t w e e n  
assays  would  a lways  h a v e  been  un i ty .  In  fact ,  t h i s  was  
t r ue  for ce r t a in  rat ios,  a n d  t he  va lue  of r a t  u t e r u s / r a t  
b lood pressure  a c t i v i t y  for t he  pu res t  p r e p a r a t i o n  of 
t u r t l e  k in in  was on ly  m a r g i n a l l y  d i f fe ren t  f rom u n i t y  
(1.3 • 0.2). However ,  t h e  ra t ios  of r a t  u t e rus /gu inea -p ig  
i l eum a c t i v i t y  (2.5 4- 0.4) and  of r a t  u t e r u s / r a b b i t  b lood 
pressure  ac t i v i t y  (7.0 4- 1.8) showed  s t r i k ing  d iscrepancies  
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Table I. The purification of glass released turtle kinin 

Stage of purification Total Total peptide Total rat uterus Recovery o Specific Factor 
volume present (mg) oxytoeie activity (%) activity ([xg) of purl- 
of active LOWRY 9 present ([~g) bradykinin fication a 
preparation peptide �9 bradykinin equivalent (mg) 
(ml) equivalent b LowRr 9 peptide 

Original plasma 900 468.0 2490:t:250 - 0.53 1 
Butanolextract 16 60.0 531-4- 18 21.3 8.9 16.8 
G-25 Sephadex pooled eluates 75 1.95 370•  40 69.7 189 357 
CM-Sephadex pooled eluates 25 0.45 352•  26 94.5 782 1475 

Peptide determined by the method of LOWRY, ROSEBROUGH, FARR and RANDALL 9. 10 Oxytoeic activity determined by the 4-point method 
of HOLTON 5, with errors expressed as confidence limits, P 0.05. ~ The recovery represents the percentage recovery obtained by the particular 
purification procedure indicated in the first column, a The factor of purification = specific activity of the preparation/specific activity of 
the original plasma. 
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Table II. Pharmacological studies; the ratios of different biological activities of turtle kinin, assayed against synthetic bradykinin 

Method of assay Turtle kinin Assay value; Rat uterus Ratio 
preparation assayed~ bradykinin oxytocic activity; Rat uterus activity; 

equivalent bradykinin biological activity 
(~xg]ml) equivalent (ptg/ml) assayed 

Rat uterus, sensitized with chymotrypsin Butanol extract 2.5 4- 0.1 b 2.3 i 0.2 0.9 4- 0.1 
Rat duodenum G-25 Sephadex eluate 0.16 4- 0.03 o 0.17 4- 0.01 1.0 4- 0.1 

0.19 4- 0.03 ~ 0.19 4- 0.01 1.0 4- 0.1 
Rat blood pressure CM-Sephadex eluate 10.1 4- 1.5 13.2 4- 1.0 1.3 4- 0.2 
Guinea-pig ileum G-25 Sephadex eluate 0.10 4- 0.04 0.19 4- 0.01 2.0 4- 0.8 

CM-Sephadex eluate 5.2 4- 0.7 13.2 4- 1.0 2.5 4- 0.4 
Rabbit blood pressure CM-Sephadex eluate 0.95 4- 0.15 6.7 4- 0.8 7.0 4- 1.8 

The stages of purification, and degrees of purity are as indicated in Table I. b All assays were carried out by the 4-point method of 
HOLTONS; errors are expressed as confidence limits, P 0.05. ~ Values obtained during 2 separate runs through G-25 Sephadex. 

in th is  same prepara t ion .  This ind ica ted  t h a t  tu r t l e  kinin 
was less act ive  t h a n  b r adyk in in  on the  guinea-pig i leum 
and  on the  r abb i t  b lood pressure,  and th is  sugges ted  t h a t  
it  was a d i f fe rent  kinin. Therefore,  tu r t l e  kinin was 
ana lyzed  for i ts  amino  acid composi t ion.  

145 ~zg b radyk in in -equ iva l en t  of the  CM-Sephadex  
puri f ied tu r t l e  k in in  was hydro lyzed  for 36 h a t  107~ 
in 6 N  HC1, and  a contro l  of 100 ~zg syn the t i c  b radyk in in  
was t r e a t ed  in a similar  manner .  Amino  acid analyses  were 
carr ied out  on a Biocal 200 analyzer ,  and the  resul ts  
are given in Table  I I I .  Tur t le  kinin gave molar  ra t ios  of 
arginine (2), prol ine (3), glycine (1), and  pheny l  a lanine (2) 
exac t ly  as would have  been  p red ic ted  for b radykin in ,  
bu t  it  differed in the  presence  of one molar  ra t io  of 
t h reon ine  and  the  absence  of one molar  ra t io  of serine. 
Other  amino  acids were p re sen t  in only  t race  amounts .  
Syn the t i c  b radyk in in  gave the  expec ted  analysis.  The 
s imples t  conclusion we can d raw f rom these  analyses  is 
t h a t  tu r t l e  k in in  m a y  be an analogue of b r adyk in in  in 
which  th reon ine  has  been  subs t i t u t ed  for serine, and  is 
therefore  6- threonine  b r adyk in in :  

H- Arg- Pro-Pro-Gly-Phe- Ser-Pro- Phe-Arg-O H 
Bradykinin 1~. 

t-I-Arg-Pro-Pro-Gly-Phe- Thr-Pro-Phe-Arg-OH 
6-Thr-bradykinin: proposed turtle kinin. 

Suppor t  for th is  hypo thes i s  comes f rom the  p h a r m a -  
cological proper t ies  of tu r t l e  kinin.  Syn the t i c  6-Thr- 

Table I II. Chemical studies; the molar ratios of amino acid residues 
front hydrolysates of bradykinin and turtle kinin 

Amino acids Molar ratios of amino acid residues from 
hydrolysates, Arg 2.00 

Experimental ratios Deduced ratios 

Brady- Turtle Brady- Turtle 
kinin kinin kinin ~ kinin 

Arginine 2.00 2.00 2 2 
Proline 2.93 3.16 3 3 
Glycine 1.06 1.15 1 1 
Phenyl alanine 2.01 1.82 2 2 
Serine 1.07 0.14 1 0 
Threonine 0.10 0.99 0 1 

Molar ratios of amino acids present in trace amounts only. 1. Brady- 
kinin: AIa, 0.24; Val, 0.18; Lys, 0.16; Asp, Glu, Met, Ile, Leu, Tyr, 
His, <0.10. 2. Turtle kinin: Glu, 0.18; Ala, 0.14; Val, 0.13; Asp, 
Met, Ile, Leu, Tyr, His, Lys, < 0.10. ~ The values given in this 
column are in agreement with the known values for bradykinin TM. 

bradyk in in  was s tudied  by  SCHRODER and HEMPEL 14, 
and a l though  it was as act ive  as bradyki l l in  on the  ra t  
uterus,  the  rat io of ra t  u te rus /guinea-p ig  i leum ac t iv i ty  
was 3, and  the  ra t io  of ra t  u t e rus / r abb i t  b lood pressure  
ac t iv i ty  was 10. Al though  these  a p p r o x i m a t e  values 
con t ras t  wi th  those  of m a n y  o ther  syn the t i c  b r adyk in in  
analogues ~5, t h e y  are in good ag reemen t  w i th  the  values  
ob ta ined  for tu r t l e  kinin (Table II). 

Although  final conclusions m u s t  awai t  sequence ana-  
lysis o f  the  act ive  pep t ides  concerned,  the  evidence ob- 
t a ined  in th is  s tudy  suggests  t he  presence  in tu r t l e  p la sma  
of a kal l ikrein-kinin sys tem ve ry  similar to  t h a t  of 
m a m m a l i a n  plasma,  b u t  based on th reon ine  conta in ing  
pept ides ,  and cu lmina t ing  in t he  p roduc t ion  of 6- threonine 
b radyk in in  as the  na tu ra l  p l a sma  kinin of the  tur t le ,  
Pseudemys scripta elegans. This is t he  f i rs t  evidence to  
suggest  t h a t  6- threonine b radyk in in  occurs in nature ,  
and  it is the  first  example  of a na tu ra l ly  occurr ing 
analogue of b radyk in in  in which  the re  has been a replace- 
m e n t  wi th in  the  f u n d a m e n t a l  b radyk in in  chain.  A m u t a -  
t ion  which  could cause the  in te rchange  of serine and  
th reon ine  is a reasonable  possibil i ty,  since i t  involves  a 
single base change in the  genet ic  code~% This  raises tile 
poss ibi l i ty  t h a t  o ther  mu ta t i ons  could have  p roduced  
ye t  d i f fe rent  analogues in o the r  ve r t eb ra t e  plasmas,  and  
i t  is possible t h a t  fu r ther  work  could reveal  a p a t t e r n  
of molecular  evolut ion t h r o u g h o u t  the  ve r t eb ra t e  t r e e n .  

Zusammen/assung. Eine  pharmakolog i sche  Unte r su -  
chung,  biologische Studie  und  chemische  Analyse  des 
isolierten und  teilweise gereinigten Kinins  im Blu tp l a sma  
der  Schidkr6te ,  Pseudemys scripta elegans, wird beschrie-  
ben. Das Kin in  der  Schi ldkr6te  un te r sche ide t  sich yore 
Bradyk in in  und  ist  ve rmut l i ch  6-Thr-Bradykin in .  
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