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Some com~l~ i i~e ~ ed~ the f lbr inogen-f lbr!n conversion 

Species-specific d L r f f e r ~ n ~ e s ~  B~mn~ demons t r a t ed  to exist among  the  N- t e rmina l  
amino acids of ~mmnmdli~m ffBrihug~ns ~ .  The var iab i l i ty  appears  to be confined 
to the e n d - g r o u p s ~ x ~ t f i d h d t ~ ' f i ~ m ~  the paren t  protein  following th rombin  act ion 
dur ing  clott ing.  The rngw ~,-tmmfinal] residues of the  resul t ing fibrins are those of 
glycine, suggest ing ttlhat 0the ann~emsi0n~ of  all m a m m a l i a n  fibrinogens is a funct ion 
of the  cleavage ,err 3K-,d~3Min~e lt~nd~. The  known preferent ial  specificity of several  
m a m m a l i a n  throrriiiins (0mmml.  B ~ i n e ,  and  rabbi t)  for arginyl  esters *, coupled with  
the  p o s i t i v e i d e r r t i f i e a ~ t i o n o f f ~ - i n 2 t h e  C- terminal  posit ion of h u m a n  s and  bovine ~ 
fibrinopeptides,  : [u~f l iex .~~t t s~ t~ ia~  the  c lo t t ing  of fibrinogen is genera l ly  in i t ia ted 
by  the  hydroly t ic ,  d l e , ~  off am a t g i n y l - g l y c i n e  pept ide  bond.  Another  consis tency 
a m o n g  the mammdl iam ~ 6 m n v  Iias been the  detect ion of a pair  of N- te rmina l  
tyre.~ines in bo th  ff~he ~ and]f ibrin of 8 m a m m a l i a n  species examined.  These 
re la t ionsh ips  are -stmmxmiim~ ii~'I~i:)li~ ~ L 

~A.BLE I 

P R E V I O U S L Y  R E P O I ~ I ~ H D  _~,~--tal:Ltt~ll'~,~_~L H . H S I D U H S  O F  M A M M A L I A N  F I B R I N O G E N S  A N D  F I B R I N S  

( J ~ "  H t a m ~ ,  P i g  t Sheep and  Horse  and  Rabbit s 
goat* dog 2 

(~lx~ a ?dkV Ala Ala Th r Val 

~I~kwt ~ ~y-~ Tyr Tyr Tyr Tyr 

t~_k3 ~s ¢~1 }_~ t~ Gly Gly Gly Gly 
~l~kxr~ ~ ' ~  ~ Tyr Tyr Tyr Tyr 

~l~!Ju' Gly Ala 

Fibrinogen 

Fibrin .... 

Clot liquor, 

* NAT, N-acetyI~trremiine. 
* * Human fibrin 0trtairmtl lily all~dng~ human fibrinogen witb human thrombin ; all other 

fibrinogens clotted wi±h tbn~i~ fltlnamBinl 
** Clot liquors of htrrsez~nttdh~ixutl e~namined for end groups, 

Lamprey-eel/(~bC~ron~_~m mwrinus) fibrinogen is s imilar  in its physico-chemical  
propert ies  t o  mammfll i rrn ffttniimgenr~and! can be c lot ted b y  m a m m a l i a n  th rombinsL 
At  least one nega~d~_y ~ f l ~ i n o p e p t i d e  is c leaved f rom the molecule dur ing  
its conversion-to  rlikn~. Iltke l ~ m s ~ ,  s t u d y  was unde r t aken  in order  to gain fur ther  
details  concerningr~e(um~m~bmofffiq~rinegen der ived from this  pr imi t ive  ver tebra te .  

Purif icat ion ,cff .¢.h~ ~ - e e l l  fibrinogen was carr ied out as described pre- 
viously 7. The p r e ~ p ~ m ~ ,  0z~gain~g: 85.--92 % clot table  proteins,  were divided into 
two port ions,  o n e , 0 t x ~ i i d h ~ G o n x ~ e r t e d : i n t o  fibrin. In  three of these exper iments  
c lot t ing was effectefl  ~ l lm~r~y~ed  ~ t h romb in ;  in a fourth,  h u m a n  t h r o m b i n  
was used. 

The  fibrinogens a ~ x t l ~ ~  x v ~ .  t r ea t ed  wi th  Sanger ' s  reagent  (x-fluoro-2,4~di - 
ni trobenzene) ~as , d e ~ ~ ~ m ~ i t i ~ .  A ~ e r  acid hydrolyses  of 8 and  24 h, the  ether-  
soluble ~-DN~-,maiino a~riit~ x~m" q imnt i t a t i ve ly  de te rmined  following separa t ion  
on two-d imens i tm~  ~ tdimmatJagrams using the solvent  sys tems  of t o l u e n e -  
py r id ine - ch lo ro~hand l - :mnmmi i tm~  hydroxide  and  1.5 M phospha te  buffer s. D N P -  
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aspart ic acid was dist inguished from DNP-g!utarrdc acid in a one-dimensional run 
wi th /e r t . - amyl  a l coho l -ph tha i a t e  9. Suitable corrections were applied for hydrolyt ic  
losses x°. For es t imat ing the moles of DNP-amino  acids per 340ooo uni t  of protein, 
it was assumed t h a t  the actual  protein contents  were equal  to 80 % of the  dry  weights 
of the  DNP-proteins.  

In  all cases, the  positions of the major  ether-soluble DNP-alrdno acids derived 
from lamprey-eel fibrinogen corresponded to those of aspart ic acid and serine. Simi- 
laxly, lamprey fibrin, produced by the action of ei ther lamprey or human  thrombin,  
gave mainly  N-terminal  glycincs and  serines. The quant i t a t ive  values for DNP-  
aspart ic  acid and  DNP-glycine were quite consistent,  but  the DNP-serine contents  
of the  preparat ions  varied considerably. Occasionally, one or two anomalous spots 
appeared on the chromatograms of the 8-h hydrolysates,  but  since these disappeared 
af ter  24 h hydrolysis, it was assumed tha t  they  represented incompletely hydrolyzed 
DNP-pept ides .  The es t imated moles of DNP-amino  acids per 34oooo uni t  of protein 
are reported in Table II .  In  nearest  whole numbers,  these da t a  describe a fibrinogen 
uni t  containing ~ N-terminal  aspart ic acids and I or more serines. The fibrin apparen t ly  
has  4 N-terminal  glycines and  x or more serines. The disappearance of the  N-terminal  
aspart ic  acid is typical  of the release of the fibrinopeptide mater ial  during clott ing 
and  of its DNP-  derivat ive being removed from the system during the washing of 
the  DNP-fibrin s. 

T A B L E  I I 

MAJOR N-TERMINAL AMINO ACIDS OF LAMPREY-EEL FIBRINOGEN AND FIBRIN 

E s t i m a t e d  m o l e s  p e r  3 4 o o o o  u n i t  p r o t e i n .  T h e  c a l c u l a t i o n s  p r e s u m e  t h a t  t h e  a c t u a l  p r o t e i n  c o n t e n t  
is  e q u a l  t o  80 ~o o f  t h e  d r y  D N P - p r o t e i n .  T h e  n u m b e r s  i n  p a r e n t h e s e s  i n d i c a t e  w h a t  p e r c e n t a g e  

o f  t h e  D N P - a m i n o  a c i d s  h a s  b e e n  p r e s u m e d  t o  r e m a i n  a f t e r  h y d r o l y s i s ,  T r  = t r a c e s .  

Preparat ion  ~ 

Glyr ine  A spatl i¢ acid  Ser ine  

8 h  8 h  a 4 h  8 h  24 '. 
(36 °6) ($~ %) (se %) (86 ?5) (70 %) 

I F i b r i n o g e n  T r  ~. 6 2 .o  o .5  o .8  
F i b r i n  2 .9  T r  T r  o .5  o .8  

I i F i b r i n o g e n  T r  i .  7 2. i 0 .6  0 .9  
F i b r i n  3 .5  T r  T r  i .4 i .  7 

I I I  F i b r i n o g e n  ~ * 0 .5  r.  7 2.2 3-4 4 .0  
F i b r i n * "  3 .5  T r  o 1.9 2 .4  

I V  F i b f i n e g e n  o . I  1. 4 I.  3 o 6 
F i b r i n  x. 8 o.  8 o. 4 o.  6 - -  

* P r e p a r a t i o n s  I ,  I I ,  a n d  I I I  w e r e  c l o t t e d  w i t h  l a m p r e y - e e l  t h r o m b i n .  P r e p a r a t i o n  I V  w a s  
c l o t t e d  w i t h  h u m a n  t h r o m b i n .  

** T h e s e  p r e p a r a t i o n s  w e r e  t r e a t e d  w i t h  5 m M  u r e a  a n d  t h e n  e x h a u s t i v e l y  d i a l y z e d  a g a i n s t  
d i s t i l l e d  w a t e r  b e f o r e  t h e  t r e a t m e n t  w i t h  F D N B  s w a s  u n d e r t a k e n .  

These da t a  are compatible ,ndth the assumption tha t  an  X-g!ycine bond is cleaved 
in the  clot t ing of lamprey-eel fibrinogen. Tha t  this is an a rg inyl -g lyc inc  bond may 
be inferred from the known preferential  specificities of the  two thrombins  used v. 
I t  is likely t ha t  the  spl i t t ing of an Arg-Gly  link is a characterist ic  event  in fibrinogen 
conversion for all ver tebrates ,  si~mdfying a considerable res t ra int  in the  evolution of 
this  region of the fibr:nogen molecule. 
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The N - t e r m i n a l  serine a p p e a r s  to  be a p a r t  of t h a t  pep t ide  cha in  which  ~n 
m a m m a l s  ends  in tyros ine .  In  l ight  of the  e x t r e m e  va r i ab i l i ty  of t h e  f ib r inopept ide  
N- t e rmina l s  (Table I), t he  conse rved  m a m m a l i a n  tyros ine  e n d  g r o u p  ~ common" to  
b o t h  f ibr inogen a n d  f i b r i n ~ m a y  h a v e  a specific func t ion  which  resu l t s  in i ts  be ing  
selected for du r ing  evolu t ion .  I t  will be in t e re s t ing  to  find where  a m o n g  t h e  v e r t e b r a t e s  
the  N - t e r m i n a l  ty ros ine  m a k e s  its first appea rance .  

We  wish to  t h a n k  Dr.  W. L o v e  for p rov id ing  the  l amprey-ee l  p lasma .  This  work  
was  a ided  a t  A m h e r s t  College b y  a g r a n t  f rom the  Rockefe l ler  F o u n d a t i o n  a n d  a t  
N o r t h w e s t e r n  U n i v e r s i t y  b y  g r a n t  H-z2xz of the  Na t iona l  H e a r t  I n s t i t u t e ,  U.S. 
N a t i o n a l  I n s t i t u t e s  of Hea l th .  
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Steroids. C C X X I l I * .  

Color reagent for steroids in thin-layer chromatography** 
Color imetr ic  r eac t ions  h a v e  p r o v e d  va luab l e  for q u a n t i t a t i v e  a n d  qua l i t a t i ve  analysis .  
I n  the  case of s teroids  which  do n o t  exh ib i t  u l t r av io le t  abso rp t ion ,  co lor imet r ic  
reac t ions  are  ind i spensab le  for the i r  loca t ion  in  c h r o m a t o g r a m s .  Such  reac t ions  a re  
also used  as s u p p o r t i n g  ev idence  for s t r u c t u r a l  g roup ings  in  s teroids ,  a l t h o u g h  in 
genera l  color imetr ic  reac t ion  s are n o t  specific e n o u g h  to  be used  as p r i m a r y  evidence.  

The  general ,  non-specific r e a g e n t  descr ibed  here  uses vani l l in  in H~SO4-e thano! .  
Vani l l in  was  used  b y  F R E R E J A Q U I ~  2 to  de t ec t  d igi ta l is  glucosides  on p a p e r  w i t h  for- 
m a t i o n  of b lue  colors. McALEER AND KOZLOWSK#, 4 used vani l l in  in H a P O  4 to  de tec t  
sapogen ins  a n d  xT-hydroxy-zo-ketopregnanes on paper .  T h e  fo rmer  p r o d u c e d  va r ious  
colors while t he  l a t t e r  gave  o range  spo ts  on a b a c k g r o u n d  of yellow. T h e  l a t es t  
r e p o r t e d  use of vani l l in  for t he  de t ec t i on  of s teroids  e m p l o y e d  th is  r e a g e n t  in HCIO 4 
to  de t ec t  p regnane t r io l s  in p a p e r  c h r o m a t o g r a p h y  5. 

The  a d v e n t  of t h in - l aye r  c h r o m a t o g r a p h y  e has  p re sen t ed  a m e d i u m  in which  

" See ref. i for steroids CCXXII. 
** Contribution No. 283.  
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