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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  
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t he  m o n o f u n c t i o n a l  a l k y l a t i n g  agen ts  u n d e r w e n t  t h e r m a l  
d e n a t u r a t i o n  a t  lower t e m p e r a t u r e  and  a lkal i  d e n a t u r a t i o n  
a t  lower p H  t h a n  did  ds-RNA.  T he  p r o d u c t s  o b t a i n e d  w i t h  
t he  b i i unc t i ona l  a lky l a t i ng  a g e n t  also u n d e r w e n t  a lkal i  
d e n a t u r a t i o n  a t  lower p H  b u t  h a d  e l eva ted  m e l t i n g  
t e m p e r a t u r e s  (Tin), i nd ica t ing  t he  presence  of i n t e r s t r a n d  
cross l inking.  

Analys is  of t he  p roduc t s  f rom E x p t s .  4, 5, 9 a n d  10 b y  
gel f i l t r a t ion  on Sepharose  2B a n d  po lyac ry lamide -ge l  
e lec t rophores is  d e m o n s t r a t e d  t h a t  t h e y  h a d  t h e  same  
molecu la r  we igh t  as ds -RNA.  The  e n h a n c e d  s t a b i l i t y  of 
t he  pur ine- r ibos ide  c o m p a r e d  w i t h  t he  pu r ine -deoxyr ibo -  
side b o n d  a t  acidic p H  is well  e s t ab l i shed  ~2, a n d  e l imina-  
t ion  of the  a lky l a t ed  pu r ine  fol lowed b y  d e g r a d a t i o n  of t he  
nucleic acid would  no t  be  expec t ed  to occur  to  t he  same 
e x t e n t  in  ds-IRNA as in DNA.  However ,  as for  single- 
s t r a n d e d  polyr ibonncleot idesla ,~4,  t he  presence  of a free 
2 ' - hyd roxy l  g roup  would  be  expec ted  to resu l t  in  more  

r e a d y  hydro lys i s  of a lky l a t ed  in t e rnnc leo t ide  p h o s p h a t e  
l inkages.  The  absence  of d e g r a d a t i o n  the re fo re  suggests  
t h a t  in  d s - R N A  the  U - h y d r o x y l  groups  m a y  no t  be  in a 
f avourab le  c o n f o r m a t i o n  for p a r t i c i p a t i o n  in t he  f o r m a t i o n  
of cyclic p h o s p h a t e  in t e rmed ia t e s .  I n  s u p p o r t  of th i s  we 
h a v e  found  t h a t  hydro lys i s  of d s -RNA u n d e r  a v a r i e t y  
of so lven t  condi t ions  occurs  on ly  a t  p H ' s  above  those  
requi red  for s t r a n d  sepa ra t i on  (M. R. HARNDXN, A . G .  
BROWN and  R. A. VERE HODG~, u n p u b l i s h e d  work).  

As for DNA, a lky l a t i on  of d s -RNA w i t h  bis-(2-chloro- 
e t h y l ) m e t h y l a m i n e  ( E x p e r i m e n t s  6 a n d  7) p roceeded  more  
r ap id ly  t h a n  w i t h  bis-(2-chloroethyl)amine. The  a lka l i  
d e n a t u r a t i o n  cha rac te r i s t i c s  of t he  p r o d u c t s  o b t a i n e d  
were, however ,  qui te  a typ ica l  for ds -RNA.  Al though ,  as 
for all  of t he  o the r  a l k y l a t i o n  p roduc t s ,  s t r a n d  s e p a r a t i o n  
c o m m e n c e d  in t he  region p H  10.2-10.5, t h e  d e v e l o p m e n t  
of h y p e r c h r o m i c i t y  w i t h  increas ing  p H  was slower and  
comple te  d e n a t u r a t i o n  d id  no t  a p p e a r  to  be  ach ieved  
even  a t  p H  12.4. U n d e r  t he  same  cond i t ions  s epa ra t i on  of 
d s - R N A  s t r ands  commences  a t  p H  11.2 a n d  is comple te  
a t  p H  12.2. Gel f i l t r a t ion  a n d  po lyac ry lamide-ge l  electro- 
phores is  i nd i ca t ed  t h a t  t he  bis-(2-chloroethyl)methyl- 
amine  p r o d u c t s  were h igh ly  aggregated ,  sugges t ing  t h a t  
w i t h  t h i s  r eagen t  cross- l inking be tween  doub le  helices 
also occurs. 

I t  has  been  r epo r t ed  ~5 t h a t  in  aqueous  so lu t ion  bis-(2- 
chloroe thyl )  m e t h y l a m i n e  dimerizes,  and  fo rma t ion  of 
t he  d imer  is m a r k e d l y  r e t a r d e d  b y  NaC1. The  effect  o5 
75 mM-NaC1 on i ts  r eac t ion  w i t h  d s - R N A  was the re fore  
i nves t i ga t ed  (Exp.  8). More a lky l a t i on  occurred  t h a n  in 
t he  absence  of NaG1 (Exp.  6), b u t  t he  t h e r m a l  a n d  a lkal i  
d e n a t u r a t i o n  charac te r i s t i c s  of t h e  p r o d u c t  r e sembled  
m u c h  more  closely those  of ds -RNA.  Gel f i l t r a t ion  a n d  
po lyac ry lamide -ge l  e lec t rophores is  showed t h a t  t he  
molecu la r  we igh t  of t he  p r o d u c t  was same  as t h a t  of 
ds-RNA.  The  f o r m a t i o n  of aggrega ted  p r o d u c t s  could 
the re fore  be associa ted  w i t h  t h e  ab i l i ty  of t he  a lky l a t i ng  
a g e n t  to  dimerize.  

W e  h a v e  found  t h a t  a l k y l a t i o n  of d s - R N A  w i t h  e i the r  
m o n o f n n c t i o n a l  or b i fu nc t i ona l  2 -ch lo roe thy lamines  yields 
p r o d u c t s  w i t h  decreased  a n t i v i r a l  ac t iv i ty .  

Methods. For  a lky la t ions  t he  solid 2 -ch lo roe thy lamine  
hydroch lo r ide  (1 mo l /mo l  of nuc leo t ide  for b i f unc t i ona l  
a l k y l a i i n g  agen t s  a n d  2 mo l /mo l  of nuc leo t ide  for mono-  
func t iona l  compounds )  was  added  to a 2.5 m g / m l  so lu t ion  
of t he  nucleic  acid in 2.5 m M - N a O H .  T he  p H  was imme-  
d ia te ly  d e t e r m i n e d  an d  reac t ion  car r ied  ou t  a t  20 ~ for 
t he  specified t ime.  The  f inal  p H  was de t e rmined ,  t he  NaC1 
c o n c e n t r a t i o n  ad ju s t ed  to  0.15 M and  t he  p r o d u c t  preci-  
p i t a t e d  w i t h  2 v o l u m e  of e thanol .  For  Exp .  8 on ly  the  
d s - R N A  was dissolved in a so lu t ion  2.5 mTVf in N a O H  and  
75 m M  in NAG1. 

Var ious  charac te r i s t i c s  of t h e  p r o d u c t s  were de t e rmined .  
The  E~8o/E26o r a t ios  were m e a s u r e d ;  t h e  co r r e spond ing  
va lue  for D N A  is 0.543 a n d  t h a t  for d s - R N A  is 0.475. 
T h e r m a l  d e n a t u r a t i o n  cha rac te r i s t i c s  were d e t e r m i n e d  
in 15 mM-NaC1,  1.5 m M  t r i s o d i u m  ci t ra te ,  p H  7. Measure-  
m e n t s  were car r ied  ou t  in  1 cm cells in  a P y e - U n i c a m  
SP .800B s p e c t r o m e t e r  equ ipped  w i t h  an  SP877 electr i-  
cal ly h e a t e d  cell ho lde r  and  a n  SP876 Accu ran  t e m p e r a -  
t u r e - p r o g r a m m e  control ler .  The  so lu t ion  t e m p e r a t u r e  
was e leva ted  b y  0.5~ The  h y p e r c h r o m i c i t y ,  mea-  
sured  a t  260 nm,  deve loped  be tween  30 ~ a n d  100~ is 
recorded.  D s - R N A  has  Tm 85~ a n d  h y p e r c h r o m i c i t y  
40.3 %. Alkal i  d e n a t u r a t i o n  was d e t e r m i n e d  for so lu t ions  
of t he  nucleic  acid in 0.15 M-NaC1 a t  20~ b y  measure -  
m e n t  of t he  i m m e d i a t e  h y p e r c h r o m i c i t y  deve loped  w i t h  
increas ing  c o n c e n t r a t i o n s  of N a O H .  The  m a x i m u m  hy~?er- 
chromic i ty ,  m e a s u r e d  a t  260 nm,  obse rved  for t he  nucle ic  
acids u n d e r  these  cond i t ions  was 29 % and  t he  recorded  
p r im  is t he  va lue  a t  wh ich  t he  m e a s u r e d  h y p e r c h r o m i c i t y  
is 50 % of t he  m a x i m u m  h y p e r c h r o m i c i t y .  D s - R N A  has  
p r im  11.75. 

Fo r  Sepharose  2B c h r o m a t o g r a p h y  a c o l u m n  26 cm 
long 2.5 cm in t e rna l  d iamete r ,  v o l u m e  approx .  130 ml,  
was used. The  co lumn  was e lu ted  in a n  u p w a r d  d i rec t ion  
w i t h  a so lu t ion  c o n t a i n i n g  0.15 7VI-NaC1-50 mM-tris  buffer -  
5 mM-MgCI=-0.002 % NaNa, p H  7.5, a t  a flow r a t e  of 
0 0 8  ml /min .  Fo r  e lec t rophores is  4 %  ac ry l amide  gels 
c o n t a i n i n g  0.04 % bis-acrylamide were p r e p a r e d  in  glass 
tubes ,  4 m m  in t e rna l  d i amete r .  The  r u n n i n g  buffer  was  
40 r aM-  Tris-20 m M - s o d i u m  ace ta te -2  m M - E D T A ,  p H  7.8. 
E lec t rophores i s  was  car r ied  ou t  a t  5 m A / t u b e  for 2 h. The  
gels were s t a ined  w i t h  Methy lene  Blue.  D s - R N A  moves  as 
3 sha rp  closely spaced b a n d s  a b o u t  1.5 cm in to  t he  gel ~~ 

Zusammen/assung. Nachweis  der  A lky l i e rung  doppel -  
fgdiger  R N S  mi t t e l s  2 -Ch lo rg thy l aminen  in wgsser iger  
L6sung  ohne  gleichzei t ige Hydro lyse  der  P h o s p h a t e s t e r -  
b i n d u n g e n  zwischen den  Nuk leo t iden ,  was  in s t a r k e m  
Gegensa tz  zu fr i iheren,  bet  e infgdigen  R N S  g e w o n n e n e n  
Ergebn i s sen  s teh t .  
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Beecham Research Laboratories, Brockham Park, 
Betchworth, Surrey (RH3 7AJ  England), 77 May 7973. 
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