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a b o v e ,  i t  a p p e a r s  t h a t  M n  2+ a c t s  o n  t h e  p i g e o n  l i ve r  
p y r u v a t e  k i n a s e  o n l y  as  a p o s i t i v e  e f f ec to r .  

T h e  p i g e o n  l i ve r  p y r u v a t e  k i n a s e  a c t i v i t y  c a n  be  v a r i e d  
b y  a s m a l l  c h a n g e  of  M n  ~+ c o n c e n t r a t i o n  e v e n  w h e n  t h e  
M g  2+ c o n t e n t  in  t h e  cell  is m a i n t a i n e d  a t  a c o n s t a n t  level .  
C h a n g e s  o f  t h e  M n  2+ c o n t e n t  in  t h e  l i ve r  c y t o p l a s m  c a n  be  
p o s t u l a t e d ,  b e c a u s e  r a t  l i ve r  m i t o c h o n d r i a  a r e  a b l e  t o  
a c c u m u l a t e  M n  =+ f r o m  a s u r r o u n d i n g  s o l u t i o n  za. H o w e v e r ,  
t h e  l a c k  o f  k n o w l e d g e  of  t h e  a c t u a l  i on  e n v i r o n m e n t  of  t h e  
e n z y m e  in  t h e  cell  p r e c l u d e s  t i l e  e x a c t  v a l u a t i o n  of  t h e  
p h e n o m e n a  in  v i v o .  

Riassu,zlo.  M n  ~+ a n d  M g  2+ a t t i v a n o  la  p i r u v a t o  c i n a s i  
d i  I e g a t o  di  p i c c i o n e  in  m a n i e r a  d i s t i n t a .  I n  p r e s e n z a  di  
b a s s e  c o n c e n t r a t i o n i  d i  f o s f o e n o l p i r u v a t o  M n +  6 pifi 

e f f i cace  di  M g  2+ ed  6 a t t i v a t o r e  d e l l ' e n z i m a  s a t u r a t o  d a  
M g  2+. P i r u v a t o  c i n a s i  (EC 2.7.1.40) .  
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Conformat iona l  Ana lys i s  of Prote ins  f r o m  Circular D i c h r o i s m  Spectra  wi th  
Reference to H u m a n  Erythrocupre in  

T h e  i n t e r p r e t a t i o n  of p r o t e i n  c o n f o r m a t i o n  f r o m  c i rcu-  
l a r  d i c h r o i s m  (CD) s p e c t r a  h a s  a t t r a c t e d  m u c h  a t t e n -  
t i o n  1-5. I t  is  a s s u m e d  t h a t  t h e  f a r  u l t r a v i o l e t  C D - s p e c -  
t r u m  h a s  a b a s i s  c o n s i s t i n g  o f  t h e  s p e c t r a  o f  t h e  e -he l i ca l ,  
f l - s t r u c t u r a l  a n d  n n o r d e r e d  c o n f o r m a t i o n s ,  a n d  is  g i v e n  
b y  a l i n e a r  c o m b i n a t i o n  o f  t h e s e  s p e c t r a .  A l t h o u g h  
p o l y - a - a m i n o  a c i d  C D - s p e c t r a  g i v e  g o o d  a p p r o x i m a -  
t i o n s  in  c e r t a i n  c a s e s  1,a, i t  is  d o u b t f u l  w h e t h e r  t h e s e  
s p e c t r a  c a n  f o r m  a t r u e  b a s i s  fo r  p r o t e i n  s p e c t r a  4-6. 
T h e  u s e  of  b a s i s  s p e c t r a  c a l c u l a t e d  f r o m  t h e  C D - s p e c -  
t r a  of  r e f e r e n c e  p r o t e i n s  w h o s e  s t r u c t u r a l  c o m p o s i t i o n  
h a s  b e e n  d e t e r m i n e d  b y  X - r a y  a n a l y s i s  h a s  t h e r e f o r e  
b e e n  p r o p o s e d  4-6. T h e  r e s e r v a t i o n s  in  t h i s  a p p r o a c h  
h a v e  b e e n  p o i n t e d  o u t  ~-~. W e  h e r e  d r a w  a t t e n t i o n  t o  
t h e  n e e d  to  a s s u m e  t h a t  t h e  s e t  of  r e f e r e n c e  a n d  a n a l y z e d  
p r o t e i n  s p e c t r a  h a v e  t h e  s a m e  ba s i s .  T h i s  a s s u m p t i o n  is 
a m e n a b l e  to  c o n f i r m a t i o n  b y  r a n k  a n a l y s i s  of  t h e  m a -  
t r i x  of  r e f e r e n c e  a n d  a n a l y z e d  p r o t e i n  s p e c t r a .  F o r  a 
v a l i d  3 - c o m p o n e n t  f i t  of  t h e  a n a l y z e d  s p e c t r a  t h i s  m a -  
t r i x  s h o u l d  h a v e  a r a n k  of  t h r e e .  W e  p r o p o s e  t h i s  m a -  
t r i x  r a n k  a n a l y s i s  p r i o r  t o  c u r v e  f i t t i n g  of  p r o t e i n  C D -  
s p e c t r a  w i t h  c a l c u l a t e d  b a s i s  s p e c t r a  as  in  t h e  c o m p u -  

r a t i o n s  r e p o r t e d  h e r e  o n  C D - s p e c t r a  of  h u m a n  e r y t h r o -  
c u p r e i n .  

T h e  p ro f i l e s  of  t h e  a n a l y z e d  h u m a n  e r y t h o c u p r e i n  
C D - s p e c t r a  h a v e  b e e n  r e p o r t e d  p r ev ious lyV .  T h e  s p e c t r a  
w e r e  d i g i t i z e d  a t  i n t e r v a l s  of  1 o r  2.5 n m  a n d  t h e  d a t a  
w e r e  s m o o t h e d  b y  a q u a d r a t i c  5 - p o i n t  l e a s t  s q u a r e s  
a p p r o x i m a t i o n  s . B a s i s  s p e c t r a  we re  c a l c u l a t e d  f r o m  
t h e  C D - s p e c t r a  of  m y o g l o b i n ,  l y s o z y m e  a n d  r i b o n u -  
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Table I. CD-spectra of human  erythrocuprein preparations 

Wavelength Mean residue ellipticity 
(nm) (deg. em2/d mol) 

Holoprotein Apoprotein Partial apoprotein 

205 --3410 --2700 --3030 
207.5 --3740 --3280 --3310 
210 --3600 --3280 --3200 
212.5 --3150 --2980 --2810 
215 --2560 --2630 --2400 
217.5 --1920 --2160 --1920 
220 --1230 --1600 --1480 
222.5 --530 --1070 --1050 
225 130 --  630 - -  640 
227.5 500 -- 420 --  360 
230 620 --  250 --  140 
232.5 550 --  230 --  70 
235 450 -- 240 - -  50 
237.5 370 --  240 10 
240 360 --  160 70 

Table II. Results of rank analysis of a matr ix  of the CD-sprectra of 
Table I and the spectra oi myoglobin, lysozyme and ribonuclease ~ 

Reduced data matrix 

--24850 --9580 --7810 --  530 --1070 --1050 
0 7003 --4260 --3111 --2097 --2438 
0 0 2960 1471 783 936 
0 0 0 --  634 -- 621 --  379 
0 0 0 0 --  394 --  12 

0 0 0 0 0 --  95 

Reduced error matrix 

1)43 479 391 27 54 53 
0 776 577 172 145 160 
0 0 616 298 208 239 
0 0 0 796 504 581 
0 0 0 0 855 688 
0 0 0 0 0 491 

a Contained 60% of original copper and no zinc. ~ First 6 rows. 
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clease given by CIIEN, YANG and ]~ARTINEZ a and the 
data for the X-ray structural composition of these pro- 
teins given  b y  SAXENA a n d  WETLAUFER 4. 5-point  La- 
g r ang i an  i n t e rpo l a t i on  was used to  digi t ize t h e  basis  spec- 
t r a  a t  i n t e rva l s  of 1 rim. M a t r i x  r a n k  ana lys i s  9 a n d  
l inear  l eas t  squares  cu rve  f i t t i ng  10 were car r ied  ou t  b y  
s t a n d a r d  me thods .  All c o m p u t a t i o n s  were pe r fo rmed  
on a H e w l e t t - P a c k a r d  9100B Calcula tor  f i t t ed  w i t h  a 
9101A E x t e n t e d  Memory .  

The  h u m a n  e r y t h r o c u p r e i n  CD-spec t ra  are g iven  in 
Tab le  I a t  i n t e rva l s  of 2.5 rim. R a n k  ana lys i s  was  per-  
fo rmed  on a 15 •  m a t r i x  whose  co lumns  cons is ted  
of these  spec t ra  and  those  of myoglob in ,  ly sozyme a n d  
r ibonuclease% A 5% error  m a t r i x  was se t  up  as a rea-  
sonab le  es t imate .  The  resu l t s  of t h e  5 r e d u c t i o n  s teps  
possible  w i t h  t h e  or ig ina l  d a t a  m a t r i x  a n d  t he  corre- 
spond ing  p r o p a g a t e d  errors  are g iven  in Tab le  I I .  The  
e l ement s  of t he  p r inc ipa l  d iagona ls  of t he  reduced  d a t a  
and  er ror  ma t r i ce s  ind ica te  3 non-zero  rows a f t e r  reduc-  
t i o n  The  e r y t h r o c u p r e i n  a n d  reference p r o t e i n  spec t ra  
m a y  the re fore  be conc luded  to  h a v e  t h e  same  or a closely 
s imi la r  3 - componen t  basis.  

The  resu l t s  of f i t t i ng  t h e  e r y t h r o c u p r e i n  spec t ra  w i t h  
t he  basis  spec t ra  g iven  b y  t h e  reference p ro t e ins  are 
shown  in Tab le  I I I .  The  goodness  of f i t  for  each  s p e c t r u m  
is i nd i ca t ed  b y  t he  low root  m e a n  square  of t he  resi-  
duals,  a n d  b y  t he  low s t a n d a r d  errors  of t h e  e s t ima tes  
for t he  s t r u c t u r a l  modes.  The  resu l t s  sugges t  t h a t  h u m a n  
e r y t h r o c u p r e i n  ha s  l i t t l e  or no  e-hel ical  c o n t e n t  a n d  
would  seem to cons is t  m a i n l y  of uno rde red  s t r u c t u r e  
wi th  a smal le r  p r o p o r t i o n  of S-s t ructure .  

M a t r i x  r a n k  ana lys i s  as p roposed  here  can  useful ly  
e x t e n d  t he  scope a n d  v a l i d a t e  t he  resu l t s  of confo rma-  
t i o n a l  ana lys i s  f rom p ro t e in  CD-spect ra .  I t  is i m p o r t a n t  
to  p o i n t  out ,  however ,  t h a t  because  of t he  p o t e n t i a l l y  
h i g h  s ignal - to-noise  r a t io  of t h e  spec t ra  in  t h e  far  u l t r a -  
v io le t  and  t he  p r o p a g a t i o n  of errors  in  t he  r a n k  analysis ,  
i t  is d i f f icul t  to  a r r ive  a t  t h e  r i g h t  conclus ion w i t h o u t  
a n  a d e q u a t e  zero-test .  A 3 - c o m p o n e n t  f i t  of p r o t e i n  
CD-spec t ra  is i nd i ca t ed  a t  t he  p r e s e n t  t ime,  a l t h o u g h  
th i s  m a y  be  a s impl i fy ing  a s s u m p t i o n  4-s. B y  th i s  argu-  
m e n t  ma t r i ce s  of reference  a n d  ana lyzed  p ro t e in  spec t ra  
w i t h  a n  a p p a r e n t  r a n k  g rea te r  t h a n  t h r ee  i nd ica t e  t h a t  
t h e  spec t r a  in  ques t ion  do no t  h a v e  t h e  same basis  a n d  
t he  set  of reference p ro t e ins  is n o t  a p p r o p r i a t e l y  chosen.  
This  t y p e  of ana lys i s  excludes  n o n - p e p t i d e  c h r o m o p h o r e s  
f rom cons ide ra t ion  ~-G inc lud ing  p ro t e in  p r o s t h e t i c  groups.  
The  exclus ion is no t  u n r e a s o n a b l e  for t h e  p r o s t h e t i c  
groups  of m y o g l o b i n  11 a n d  e ry throcupre inT,  1L b u t  i t  
is a t  bes t  empi r ica l  where  i t  can  be  m a d e  is. 

Zusammen/assung. Naehweis  m i t t e l s  ve rg le i chende r  
C D - S p e k t r a l u n t e r s u c h u n g e n  bet  e iner  Auf l6sung  yon  2.5 
n m  yon  E r y t h r o c u p r e i n ,  Myoglobin ,  L y s o z y m  u n d  R i b o n u -  
klease,  dass  mensch l i ches  E r y t h r o c u p r e i n  ke inen  oder  
n u r  e inen  ger ingen  Tell  m i t  e-hel icoidaler  S t r u k t u r  ha t .  
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Table II1. Structural content of human erythrocuprein preparations 
as estimated by fitting the CD-spectrum between 205 and 240 nm 

a-Helix /~-Structure Unordered RMS 
(%) (%) structure 

Holoprotein 3.0 b i 0.5 37.0 ~_ 0.8 60 =E 1.9 150 

Apoprotein 5.9 -~ 1 32.9 ~ 1.7 61.2 ~ 2.2 220 

Partialapoprotein 4.8 ~ 0,5 33 ~ 0.9 62.2 4- 1.2 120 

Data points at 1 nm intervals were used. Basis spectra were caluclated 
from the spectra of myoglobin, lysozyme and ribonucleaseK Values 
include standard error. 
a Root mean square of residuals for fitted spectrum, b Negative with 
respect to least squares. 
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Alkylation of Double-Stranded Ribonucleic Acid 

The  reac t ion  of 2 -ha loe thy l amines  w i t h  D N A  has  been  
ex t ens ive ly  i nves t i ga t ed  1-4. W i t h  2 -ch lo roe thy l amine  
a l k y l a t i o n  in i t i a l ly  occurs  a t  b o t h  t h e  p h o s p h a t e  es ter  
groups  a n d  base  moiet ies ,  p r e d o m i n a n t l y  a t  t h e  N-7 of 
guanine .  Alky l  groups  are  t h e n  t r a n s f e r r e d  f rom t he  phos-  
p h a t e  t r i e s te r s  to  u n s u b s t i t u t e d  bases,  t h e  a lky l a t ed  
pur ines  are e l i m i n a t e d  and  hydro lys i s  of phos phod i e s t e r  
b o n d s  s u b s e q u e n t l y  resul t s  in  deg rada t ion .  

W i t h  b i func t i ona l  a l k y l a t i n g  agen t s  ev idence  exis ts  for 
t he  f o r m a t i o n  of cross l inks  be t w een  doub le  hel ices s, 
b e tween  t h e  2 s t r a n d s  of a single doub le  he l ix  s-s and  
be tween  a d j a c e n t  bases  on  t he  same s t r a n d  9. 

Us ing  cond i t ions  t h a t  r e su l t  in  ex tens ive  d e g r a d a t i o n  
of D N A  (Table,  E x p e r i m e n t s  1, 2 and  3), we h a v e  found  

with 2-Chloroethylamines 

that the double-stranded RNA isolated from a myco- 
phage I~ can be alkylated by both monofunctional and 
bifunctional 2-chloroethylamines without degradation. 

As for DNA, the primary site of base alkylation in RNA 
is the guanine N-7 position, although some alkylation can 
also occur at N-I, 1%-3 and N-7 of adenine and at N-3 of 
cytosine 11. Alkylation at N-7 of guanine is accompanied 
by the appearance of a chromophore at 280 nm 4 and the 
relative extent of alkylation can be estimated from the 
E2so/Ez6 o ra t io .  

A l k y l a t i o n  of ds~RNA w i t h  2 -ch lo roe thy ld ime thy l -  
amine  (Exp.  9), 2 - c h l o r o e t h y l h e x a m e t h y l e n e i m i n e  (Exp.  
10), a n d  bis-(2-chloroethyl)amine ( E x p e r i m e n t s  4 a n d  5) 
p roceeded  a t  s imi la r  ra tes .  The  p r o d u c t s  o b t a i n e d  w i t h  


