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x intensity based 
on uncorrected 

fluorescence 

70 
45 
27 
46 
54 
35 

data, % 

X intensity based 
on corrected 

fluorescence data, %b 

100 
55 
22 
57 
71 
37 

TABLE I 

PER CENT X INTENSITY IN THE ABSORPTION BANDS 
OF ( 2 , ( 3 , 7 , 5 - T E T R A P H E N Y L P O R P H I N E 0 

Band 

I 
II 
III 
IV 
SI 
SII 

° Derived from data of ref. 7a. b Corrected as suggested in 
ref. 15, using a "randomization factor" of 0.44.18 

Although detailed quanti ta t ive analysis based on simple 
inspection of reflection spectra is difficult except in 
favorable cases, the molecular dichroic ratios listed in 
Table I seem consistent with the crystal dichroism 
noted in Fig. 1, and certainly the largely y-character of 
band I I I is in accord with the appearance of the Rmin 

curve. 
If, accepting the usual interpretation of the porphine 

spectrum, one takes bands I and II as one electronic 
transition and bands I I I and IV as another, and further 
assumes tha t bands I and I I I indicate the intrinsic 
polarizations, one is now led to assign the first T P P 
transition x and the second y. Figure 1 and Table I 
also provide confirmation tha t the Soret absorption 
contains two distinct regions of polarization, tha t of low 
energy being x and tha t of high energy y. 

The mixed polarizations of bands II , I I I , and IV 
indicate that , contrary to the commonly held view, each 
of these bands is not a single vibronic component, 
since this latter situation would require unique polari­
zations. The complex nature of these bands, which 
has been noted by earlier workers,7b|17 is also supported 
by the additional structure tha t appears in low tem­
perature solution absorption spectra.18 

This work will be reported in more detail at a later 
date, as will emission and single crystal absorption 
work currently being undertaken. I t is also intended 
to extend these investigations to include selected metal 
porphyrins. 

(17) K. N. Solov'ev, Opt. Spectry., 10, 389 (1961). 
(18) C. Rimington, S. F. Mason, and O. Kennard, Spectrochim. Acta, 12, 

65 (1958). 
(19) National Institutes of Health Predoctoral Fellow. 
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Introduction of Covalent Cross-Linkages into Lysozyme 
by Reaction with a,a'-Dibromo-/>-xylenesulfonic Acid 

Sir: 

Extensive studies on the cross-linking of proteins 
have been carried out. Fibrous pro te ins 1 - 4 and globu-

(1) H. Zahn and H. Zuber, Ber. deut. chem. GeS., 86, 172 (1953). 
(2) H. Zahn and O. Waschka, Makromol. Chem.. 18, 201 (1955). 
(3) H, Zahn, H. Zuber, W. Ditscher, D. Wegerle, and J. Meienhofer, 

Ber. deut. chem. GeS., 89, 407 (1956). 
(4) H. Zahn and H. Stuerle, Biochem. Z., 331, 29 (1958). 

lar proteins 6 - 7 have been subjected to cross-linking. 
In no case were the reagents entirely satisfactory from 
the point of view of determining intramolecular dis­
tances under conditions simulating in part the condi­
tions the proteins are exposed to in their native milieu. 

The concept of using a "solubilized" bifunctional 
reagent of known dimensions was exploited first with 
various naphtholic and phenolic disulfonyl chlorides8 - 1 0 

and fluorides.11 I t was demonstrated tha t such com­
pounds can react with lysozyme under conditions 
of homogeneity and tha t intramolecular bonding had 
occurred.12 A tentat ive assignment of certain intra­
molecular distances was made.10 '12 

We wish to report here the synthesis and use of a,a'-
dibromo- and a,a'-diiodo-p-xylenesulfonic acid (DBX 
and D I X ) . These and their S35-labeled counterparts 
were synthesized by a variation of the procedures of 
Karslake and Huston,1 3 and of Schmid and Karrer.1 4 

The tri t iated material was prepared by exposure of 
the unlabeled material to tr i t ium by the Wilzbach 
procedure.15 D B X (500 7/ml,) was allowed to react 
with lysozyme (250 7/ml . in 0.1 M borate buffer, 
total volume 1000 ml.) a t 37° for 48 hr. a t pH 9.1. 
The treated lysozyme was separated from unreacted 
D B X on a column of Sephadex G-25 using 0.1 M acetic 
acid as eluent and was found to emerge as a single 
peak. 

I t was homogeneous by ultracentrifugal analysis 
with essentially the same molecular weight as the 
native lysozyme. The enzymic activity was not di­
minished by a significant amount. 

Two peaks were apparent by analysis by the Tiseluis 
technique, neither of which corresponded to lysozyme 
itself. The relative amount of material in each peak 
was 70 and 30%. The difference in mobilities be­
tween lysozyme and the peak nearest it in mobility 
was essentially equal to the difference between the 
mobilities of the two reacted species. This suggests 
tha t one and two residues of D B X have been in­
troduced into lysozyme changing the charge on the 
molecule by two equal increments. Since the peptides 
A and B were of about equal radioactivity it would 
appear tha t all of the lysozyme had reacted with at 
least one D B X at one of two sites and a smaller frac­
tion had reacted to give the least cationic species (30% 
of the material) seen in the electrophoretic analysis. 

Examination of the t rypt ic digest of the lysozyme 
treated with performic acid by peptide mapping re­
vealed some deletions and three additions (peptides 
A, B, and C) when compared to the lysozyme not 
exposed to DBX. The new peptides were radioactive 
when either DBX-S 3 5 or D B X - H 3 were used. 

(5) H. Zahn and J. Meienhofer, Makromol. Chem., 26, 126, 153 (1958). 
(6) F. Wold, J. Biol. Chem., 236, 106 (1961). 
(7) P. E. Guire and F. Wold, Abstracts, Division of Biological Chemistry, 

141st National Meeting of the American Chemical Society, Washington, 
D. C , March, 1962, p. 74. 

(8) R. A. Day, D. J. Herzig, and J. R. Johnson, Abstracts, Division of 
Biological Chemistry, 139th National Meeting of the American Chemical 
Society, St. Louis, Mo., March, 1961, p. 52. 

(9) D. J. Herzig, A. W. Rees, and R. A. Day, Federation Proc, 21, 410K 
(1962). 

(10) D. J. Herzig and R. A. Day, Proc. Intern. Congr. Biochem.. 6th. 
IUPAC, 32, 156 (1964). 

(11) J R. Johnson and R. A. Day, unpublished. 
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1 13 
HjN-lys-val-phe-gly-arg-cys-glu-leu-ala-ala-ala-met-lys 

/NH2 ,NH2 
arg 

try-asp-gly-leu-ser-tyr-gly-arg-tyr-asp-asp-leu-gly-his 

val 

33 /NH 2 ,NH2 ,NH2 
cys-ala-ala-lys-phe-glu-ser-asp-phe-asp-thr-glu-ala-thr 

N1 . I rNH 2 
DBX asp 

S r N H , | 
asp-thr-gly-lys asp-thr-ser-gly-asp-thr-asp-arg 

val 
I 

r N H 2 
glu 

ala 
I 

try 

ileu 

arg 

116 

cys-

arg 

r N H 2 
a s p 

arg 

tyr 

I r N H 2 r N H 2 

gly-ileu-leu-glu-ileu-asp-ser-arg 
I 

try 
r N H j | 

gly-pro-thr-arg-gly-asp-asp-cys-try 

ser 

/ 
NH2 NH2 

gly 
I 

cys-

arg-asp-leu-cys-asp-ileu-pro-cys-ser 

ala-thr-ileu-asp-ser-ser - leu- leu-a la 

ser 

I . . 
val . DBX 

try asp-cys-ala-lys-lys-ileu-val 
L NH 2 96 97 I 

ser 
arg ,NH2 | 

I 129 ala-val-try-ala-asp-met-gly-asp-gly-asp 
leu-COOH 
Fig. 1.—Schematic representation of points of attachment of 

<*,a'-dibromo-£-xylenesulfonic acid. 

F u r t h e r pur i f i ca t ion of t h e l abe led p e p t i d e s w a s t h e n 
fol lowed b y r e m o v a l of t h e c ross - l ink ing r e s idues u n d e r 
c o n d i t i o n s used to h y d r o g e n o l y z e b e n z y l a m i n e s . 1 6 

TABLE I 

QUALITATIVE ANALYSIS OF PEPTIDES INVOLVED IN CROSS 

LINKAGES 
Cross linkage,0 

Peptide lysine residue 

A n 

Ai2 

A1, 

B11 

- ~ 9 7 

96-

33 — 116 

Amino acids 

Calcd.: ala, arg, asp, gly, leu, met, 
ser, val 

Found: ala, arg, asp, gly, ileu,6 met, 
ser, val 

Calcd.: Iy s 
Found: lys 
Calcd.; ala, asp, cys, ileu, leu, lys, 

pro, ser, thr, try, val 
Found: ala, asp, cys, ileu, leu, lys, 

pro, ser, thr, . . .," val 
Calcd.: ala, asp, cys, gly, leu, lys, 

ser, try, tyr, val 
Found: ala, asp, cys, gly, leu, lys, 

ser, . . .,' tyr, val 
Calcd.: ala, arg, asp, glu, phe, ser, thr 
Found: ala, arg, asp, glu, phe, ser, thr 
Calcd.: cys, lys 
Found: cys, lys 
Calcd.: ala, arg, asp, glu, gly, ileu, 

thr, try, val 
Found: ala, arg, asp, glu, gly, ileu, 

thr,. . .," val 
"According to Canfield's sequence.16 'Analysis ambiguous 

with respect to differentiating between leucine and isoleucine. 
c Acid hydrolysis left no detectable tryptophan residues. 

Bi2 

B21 

B 22 

33 -+ 116 

33 -* 116 

33 ->• 116 

P e p t i d e A afforded o n l y o n e n o n r a d i o a c t i v e p e p t i d e 
(Ai) u p o n h y d r o g e n o l y s i s a n d p e p t i d e B g a v e t w o n o n ­
r a d i o a c t i v e p e p t i d e s (Bi a n d B2). P e p t i d e C w a s 
p r e s e n t in such sma l l a m o u n t s t h a t i t w a s neg lec t ed . 
P e p t i d e Ai u p o n t r y p s i n d iges t ion y ie lded t h r e e n e w 
p e p t i d e s (An, A12, a n d Ai3) t h e ana lys i s of w h i c h ( T a b l e 
I) s h o w e d t h a t t h e y were d e r i v e d f rom a m i n o ac ids 74 
t o 112 in t h e p r i m a r y s e q u e n c e a n n o u n c e d b y C a n -
field17 (cf. F ig . 1). T h e t h r e e t r y p t i d e s in t h i s r eg ion 
c o r r e s p o n d to Canf ie ld ' s T n , Ti2 , a n d Ti 3 . P e p t i d e s 
Bi a n d B 2 u p o n t r y p t i c d iges t ion each led t o t w o n e w 
p e p t i d e s (Bn, Bi2 , B2i, a n d B2 2) , r e spec t ive ly . T h e s e 
were a n a l y z e d a n d s h o w n to c o r r e s p o n d to Canf i e ld ' s 
t r y p t i d e s T 6 , T7 , Ti5 , a n d Ti 6 , r e s p e c t i v e l y (see F ig . 1 
a n d T a b l e I ) . I t follows, t h e n , t h a t D B X i n t r o d u c e d 
cross- l inks i n t o l y s o z y m e a n d in p a r t i c u l a r b e t w e e n t h e 
e-amino g r o u p s of lys ine r e s idues 9 0 - 9 7 a n d 3:3-110. 
T h e l ink b e t w e e n r e s idues 3 3 a n d 116 c o r r e s p o n d s t o 
an a s s i g n m e n t m a d e b y Herz ig , el al.,1- for pheno l -2 ,4 -
d i su l fony l ch lor ide , a r e a g e n t of n e a r l y i d e n t i c a l s p a n . 
T h e poss ib le s ignif icance in t h e difference in p a t t e r n s 
of c ross - l ink ing b y r e a g e n t s of n e a r l y i d e n t i c a l d i m e n ­
s ions of g r e a t l y different r e a c t i v i t i e s will b e d i scussed 
e l sewhere . 1 8 

(17) R. E. Canfield, J. Biol. Chem., 238, 2698 (1962). 
(18) We acknowledge the generous support provided by the Xational 

Science Foundation (G-9794 and G-16161) and the American Cancer Society 
(In-79 and P-343) for this research. 
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(16) L. Birkofer, Ber. deut. chem. Ges., 75, 429 (1942). 

Radical Scaveng ing in the Radio lys i s of Liquid 
M e t h a n o l - B e n z e n e M i x t u r e s 

Sir: 

R a d i o l y s i s of l iqu id m e t h a n o l c o n t a i n i n g i nc r ea s ing 
c o n c e n t r a t i o n s of b e n z e n e r e s u l t s in a s h a r p dec r ea se 
in b o t h h y d r o g e n 1 a n d e t h y l e n e glycol 2 y ie lds s imi la r 
t o t h a t o b s e r v e d for t h e h y d r o g e n yie ld in c y c l o h e x a n e -
b e n z e n e m i x t u r e s . 3 T h i s p h e n o m e n o n h a s been a t t r i b ­
u t e d t o r ad i ca l s c a v e n g i n g 1 or t o e n e r g y t r ans fe r . 3 

A n e x a m i n a t i o n of t h e r ad io lys i s p r o d u c t s of t h e cyclo-
h e x a n e - b e n z e n e s y s t e m 4 h a s s h o w n t h a t p h e n y l e y c l o -
h e x a n e is f o r m e d w i t h a G-va lue w h i c h r e a c h e s a 
m a x i m u m a t « 1 0 % v . / v . b e n z e n e , a n d t h e n falls 
l inear ly w i t h b e n z e n e c o n c e n t r a t i o n . I t w a s also 
found t h a t t h e G-values of b o t h cyc lohexy lcyc lohexene 
a n d b i cyc lohexy l s h o w a s h a r p in i t i a l dec r ea se w i t h 
b e n z e n e c o n c e n t r a t i o n . B u r r a n d G o o d s p e e d h a v e 5 

r e c e n t l y d i scussed t h e f o r m a t i o n of p h e n y l c y c l o h e x a n e 
a n d " p o l y m e r s " f rom t h e rad io lys i s of b e n z e n e - c y c l o -
h e x a n e m i x t u r e s a n d h a v e i n d i c a t e d t h e i m p o r t a n c e of 
r a d i c a l - s c a v e n g i n g m e c h a n i s m s . 

W e n o w wish t o r e p o r t a n a l o g o u s o b s e r v a t i o n s for 
t h e m e t h a n o l - b e n z e n e s y s t e m . A n u m b e r of r ad io lys i s 
p r o d u c t s h a v e been s e p a r a t e d a n d ident i f ied i n c l u d i n g 
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1961). 

(2) W. G. Brown and M. K. Eberhardt, "Radiolysis of Liquid Methanol. 
Inhibitory Effects of Additives," ARL Report 90, contract No. AF 33(616)-
3875, The University of Chicago (1961). 

(3) J. P. Manion and M. Burton, J. Phys. Chem.. 68, 421 (1954). 
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