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The determinat ion of the molecular weight of poly-L-lysine 

In  our  r ecen t  i n v e s t i g a t i o n s  on m u l t i - c h a i n  p o l y a m i n o  acids1, 9-, po ly -L- lys ine  was  
e m p l o y e d  as a m u l t i v a l e n t  i n i t i a t o r  of p o l y m e r i z a t i o n .  In  o rde r  to  d e r i v e  t h e  m o l e c u l a r  
p a r a m e t e r s  of t hese  m a t e r i a l s ,  in  w h i c h  p o l y l y s i n e  fo rms  the  " b a c k b o n e " ,  i t  was  
e s s sen t i a l  to h a v e  an  a c c u r a t e  k n o w l e d g e  of t h e  a v e r a g e  degree  of p o l y m e r i z a t i o n  of 
a n y  g i v e n  s a m p l e  of th i s  p o l y a m i n o  a c i d  A l t h o u g h  po ly -L- lys ine  h y d r o b r o m i d e  (or 
h y d r o c h l o r i d e )  h a s  b e e n  used  qu i t e  e x t e n s i v e l y  in  c h e m i c a l  a n d  b io log ica l  researcha ,  4, 
i t  s e e m s  t h a t  no  s a t i s f a c t o r y  m e t h o d  h a s  b e e n  r e p o r t e d  b y  w h i c h  i ts  m o l e c u l a r  w e i g h t  
c a n  be e v a l u a t e d .  T h e  r e a s o n  for t h i s  s i t u a t i o n  is t h a t  p o l y l y s i n e ,  a ba s i c  po lye l ec t ro -  

lyre ,  is so lub le  o n l y  in  i ts  i on i zed  f o r m ;  free  p o l y l y s i n e  h a s  b e e n  p r e p a r e d  a n d  w a s  

f o u n d  to be  i n s o l u b l e  in  al l  e x c e p t  ac id ic  i on i z ing  so lven t s .  D i r e c t  m o l e c u l a r - w e i g h t  
d e t e r m i n a t i o n s  of h i g h l y  c h a r g e d  m a c r o m o l e c u l e s  b y  p h y s i c a l  m e a n s  m e e t  w i t h  m a n y  
c o m p l i c a t i o n s  of b o t h  t h e o r e t i c a l  a n d  e x p e r i m e n t a l  n a t u r e .  T h e  p r e s e n t  p r - t r i c e  
is to  a s s u m e  t h a t  a p o l y l y s i n e  s a m p l e  h a s  t h e  s a m e  degree  of p o l y m e r i z a t i o n  as t h e  
p o l y c a r b o b e n z o x y l y s i n e  p r e p a r a t i o n  f r o m  w h i c h  it  was  de r ived .  Th i s  a s s u m p t i o n  m a y  

o f t en  be  va l id ,  i .e.  w h e n  d e c a r b o b e n z o x y l a t i o n  was  ca r r i ed  out  u n d e r  m i l d  a n d  wel l  

con t ro l l ed  c o n d i t i o n s  5 (see also T a b l e  I), b u t  m a y  s o m e t i m e s  be  a source  of se r ious  
er ror  n. F r o m  T a b l e  I it c a n  be seen  t h a t  e v e n  u n d e r  p r e s u m a b l y  f a v o r a b l e  c o n d i t i o n s  

TABLE ! 

Batch 
No. 

Parent Pol ycarbobenzox yl yshw 
polycarbobenzoxylysine Poly-h-lysine by ~,ecarbobengoxflation *~ 

hydrobrom ide t 
[~lJ DP*** ~slJ ( H20, z °o) ?hi  DP*** 

(dtlgJ (title) 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7 2. t x 29o b.2 1-95 1260 
5 0.9 680 z. 5-" o. 76 565 
8 o,35 317 0.9Z 0.33 300 
z 0.37 3z5 0.76 ° . z7  "5"- 
3 o.17 ~75 0.55 o. I7 175 
6 0 . 1 I  1'2-6 0 . 4 2  O . l l  1 2 6  
4 0.08 96 0.23 o.o8 96 

" Poly-L-lysine hydrobromide was prepared from the parent poly-e-carbobenzoxy- , - - lys ine  
by the method of BEN-IsHAI AND BERGER ~. The reaction time was 2o min at room temperature. 

* * Poly-L-lysine hydrobromide (364 rag), was dissolved in water (6 ml). To the cooled and stirred 
solution, 4 N NaOH (2.25 ml) and benzylcholoroformate (o.51 ml) were added alternately in 
3 portions. The product precipitated out after the first addition of the acid chloride. Stirring was 
coptinued for Io min. The polymer was collected, washed thoroughly with water, ethanol and 
ether, and dried in vacuo over H2SO 4. Yield 9o$/o. Calcd. for Ct4HlsN~Os: N, to.7. Found: 
N, zo.6; io.8 (Kjeldahl). The polymer contained no b~sic groups as determined by anhydrous 
titration in dimethylformamide solution with HCIO i in dioxane, using thymot blue as indicator. 

* * *  Degree of polymerization as estimated from viscosity measurements in dimethylformamide 6, 
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degrada t ion  m a y  occux ff~ m,-l&~m)~,sa'l reasons. Moreover,  wi th  polymers  of high 
degrees of polymeriT~l~k~n, e~-en a b w  percen tage  of bonds  split  m a y  have  a m a r k e d  
effect on the  ave rage  mo~t-aflar ~ 'eight  of the  product .  I t  is, therefore ,  i m p o r t a n t  t,,  
h a v e  a w a y  o f  c h e c k i n g  t h e  mo!ie, :u~ar w e i g h t  of  a p o l y l y s i n e  p r e p a r a t i o n  d i r e c t l y  
be  i t  f o r  r e a s o n s  g i v e n  abox-e  ~ r  lt~ecause d a t a  o n  t h e  p a r e n t  p o l y c a r b o b e n z o x y l y s i n t .  
p r e p a r a t i o n  a r e  n o t  a ~ ~ I e _  i n  l t ~  c o m m u n i c a t i o n  t w o  a l t e r n a t i v e  p r o c e d u r e s  a r e  
descr ibed which  m a y  se~-e  ~ purpose.  

In  t he  first m e t h o d ,  wh ich  ~an be appl ied  to a n y  poly-L-lysine p repara t ion ,  tht- 
p o l y l y s i n e  s a m p l e  i~ ~onx-ea~ed h ~ o  p o l y c a r b o b e n z o x y l y s i n e *  (see f o o t n o t e  in  T a b l e  I) .  
T h e  r e a c t i o n  is  p x a e t i e a l l  3- ~ - ~ t ~ t a n e o u s  a n d  t h e  p r o d u c t  is i s o l a t e d  in h i g h  ~field, 
b e i n g  a n a l y t i c a l l y  p u r e  aff~tex ~-a .sk ing a n d  d r ) r ing .  T h e  i n t r i n s i c  v i s c o s i t y  ~q~ of  t h i s  
p o l y m e r  is t h e n  d e t ~  m ~ i m e t h y I f o r m a m i d e  s o l u t i o n  a n d  i t s  d e g r e e  of  p o l y m e r i -  
z a t i o n ,  D P ,  c a l c u l a t ~  ~ m  t h e  e q u a t i o f i  n D P  ~-  ( z o ' [ ~ ' _ , / 2 . 2 4 ) - ~ ' ~ / 2 6 2 .  B e c a u s e  of  
t h e  e x t r e m e l y  m i l d  . ~ o ~ ~ a ~  ,~f t h e  r e c a r b o b e n z o x y l a t i o n  a n d  t h e  s h o r t  react io~l  
t ime involved,  i t  c an  be  a~,~..~-u t h a t  the  degree of po lymer iza t ion  t hus  ob ta ined  
is ident ica l  wi th  t h a t  o[ t h e  ~ - ~ y s i n e  sample  t~sed. 

T h e  second m e t h o d  is based  on  v iscos i ty  m e a s u r e m e n t s  of polylys ine  hydro-  
b romide  in salt-fr~e a ~ l ~ m s  ~ lMt~n_  E m p l o y i n g  the  values  of the  degrees of polymeri-  
za t ion  of a n u m b e r  off p o h - l ~  kyd rob romide  samples  d e t e r m i n e d  b~" the  first 
me thod ,  the  following ~eLalion_~h~ was es tabl ished" 

D P  ~ o.79 log qsp(c == ~";,) + 2.46 
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Fig. z. The log of the  ~ off # y a ~ e r i z ~ t i o n  
(log D P )  of p o l y - L - t ~ -  H ~ r  ~ ~ of the  
specific viscosity (log ~ , )  a t  ¢ ---- ~ 0'~ m water.  

C o n c . n .  ( g / l O O m ~  ) 

Fig. , .  The reduced viscosity (7$gp/c) of sorn~- 
poly-L- lys ine-HBr samples  in water ,  plotted 

agains t  the concentra t ion (c). 

" A similar  ~ i . . .  o m m ~ - ~  of a polyelectrolyte into an uncharged derivat ive,  has 
been u s e d  b y  K A ~ ~  ~ _F_-_~:~BF.a~ ~. 

** An indirect  c ~  ¢~[ e h ~  a .~mapt ion  can be obtained from Fig. i. All the  batches 
maxked by  cixcl~ (3. 4~ 6, 7. '~ in T a ~  I) show no degradat ion.  Batches  2 and 5, marked  by 
t r iangles  were ~ ~ ffa~ tthat tim~- Iie on the same s t ra igh t  line ~-~ the  undegraded samples  
shows t h a t  dega~a:latiom ~ a ~ l  dmrmg the  H B r  t r e a tmen t  and  not  dur ing  recarbobenzoxylat ion.  
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The l inear i ty  of this funct ion in the  range of degresr of po lymer iza t ion  D P  ~-~ IOO-XOOO 
can be seen in Fig, I .  The condit ions of the  viscosi ty  measu remen t s  were chosen be- 
cause of the following considerations.  In  Fig. 2 the  concent ra t ion  dependence  of 
a n u m b e r  of polylysine.  H B r  samples  in salt-free aqueous  solut ion is given. I t  has 
been d e m o n s t r a t e d  tha t  ex t rapo la t ion  of curves of this k ind to c = o in order  to 
obta in  intr insic viscosities is not  feasible s. The concent ra t ion  of i o/ /o was chosen so 
as to avoid  work ing  in the  s teep region of the  curve,  and  in the  absence of added  salt  
viscosi ty values of reasonable m a g n i t u d e  are ob ta ined  even for po lymers  of r a the r  
low molecular  weight  (DP = IOO). 

The  most  serious d r awback  of the second m e t h o d  lies in the  following pecul iar  
behavior  of poly-L-lysine.  HBr ,  which is as ye t  not  unders tood.  The  po lymer  when 
kept  at  - -15  ° shows comple te  s t ab i l i ty  of its viscosi ty propert ies .  However ,  a t  room 
t e m p e r a t u r e  certain changes  t ake  place which result  in viscosi ty  increases. Thus 
the va lue  of ~lsp (c--- ,o,) ~ 2.5 in wate r  of a f reshly p repared  sariiple rose to 4.6 af ter  
keeping it in a desiccator  a t  room t e m p e r a t u r e  for four months .  This change is not  
due to  an increase in molecular  weight  of the  sample ,  as can be seen f rom the  fact 
tha t  the  po lyca rbobenzoxy lys ine  p repara t ions  m a d e  f rom the  fresh and  f rom the  
aged mate r ia l  had  the  same viscosity.  I t  is therefore clear t h a t  if a polylys ine  sample  
has been kep t  under  unfavorab le  or u n k n o w n  condi t ions  for a considerable  length 
of t ime,  the  first procedure  ( recarbobenzoxyla t ion)  for the  d e t e r m i n a t i o n  of its degree 
of po lymer iza t ion  m u s t  be employed .  

This work was suppor t ed  b y  a research g ran t  (FG-Is-Io4-60)  f rom the  U.S. De- 
p a r t m e n t  of Agricul ture .  
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Mitochondr ia l  f o r m a t i o n  and hydrolysis of  adenosine t r iphosphate  
in the presence of  some ra re -ear th  ions 

The in t ravenous  injection of re la t ive ly  smal l  a m o u n t s  of soluble salts of l a n t h a n u m ,  
cer ium, p r a s e o d y m i u m ,  n e o d y m i u m ,  and s a m a r i u m  causes in some species of ex- 
perin-tental animals ,  af ter  a lag period of 2 or 3 days,  an ex tens ive  accumula t ion  of 
lipids in the liver 1-5. I t  is r emarkab l e  tha t  these l an than ide  ions produce  a large 
increase in t r iglycerides and a smal ler  rise of phospholipids  of the mi tochondr ia ,  in 
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