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Abstmet--Phycoerythrob'tlin was shown to be the chromophore of all known red biliproteins, the phycoery- 
thrins. The reality of a second chromophore, phycourobilin, in some phycoerythrins is considered. No 
evidence could be marshalled to support the contention that the so-called phycourobilin is a specific in vivo 
chromophore. Rather it appears to be a protein-phycoerythrobilin complex with absorbance properties 
similar to a bilene (urobilin). Chroomonas phycocyanin contains only the phycocyanobilin chromophore. 

INTRODUCTION 

Tm~ STRUCTURE of  phycoerythrobilin, isolated from C-phycoerythrin was recently eluci- 
dated. 1,2 There are several phycoerythrins classified primarily on absorption spectra 
characteristics. Spectral studies of  phycoerythrobilin isolated from some of  these phyco- 
erythrins3 has implicated a common chromophore. We examined all types of  phycoerythfins 
and compared their chromophores with reference phycoerythrobilin prepared from Co 
phycoerythrin (ex. Phormidiwn persicinum). T h e  phycoerythrobilin chromophores from 
several phycoerythrins were identical and no indications of  structural variations were found. 
Similar studies on phycocyanobilin, 4 the chromophore of  the phycocyanins, also revealed 
only a single chromophoric group. The only biliprotein examined to date containing more 
than one bilin pigment is R-phycocyanin. 4 It  contains both phycocyanobilin and phycoery- 
throbilin. 

RESULTS 

Phycoerythrobilin was the only bilin cleaved from R-, B-, and Rhodomonas phycoery- 
thrin. In each case identity with reference phyeoerythrobilin (as the dimethyl ester) from 
C-phycoerythrin was established by visible u.v. absorbance spectra (Table 1), similar i.r. 
absorbance spectra and chromatographic homogeneity on silica gel with three different 
solvent systems (carbon tetrachloride :methyl acetate, 2:1 v/v; benzene :ethanol, 8:1 v/v; 
ethylene dichloride: ethyl acetate, 7: 3 v/v). 

Only one bilin pigment was recovered from the phycocyanln of  Chroomonas. Identity of  
the pigment with reference phycocyanobilin (as the dimethyl ester) from C-phycocyanin was 
established by similar absorbanee spectra in the visible u.v. (Table 1) and i.r. region and 
chromatographic homogeneity in the above three solvent systems. 

* Research carried out at Brookhaven National Laboratory under the auspices of the U.S. Atomic Energy 
Commission. 
1D.J. CHAPMAN, W.J. COLe and H. W. SI~3~O,N, J. Am. Chem. Soc. 89, 5976(1967). 
2 D. J. CHAPMAN, W. J. COLe and H. W. Smom~vu~, in preparation. 
3 p. 6 CAm~, C. 0 ~ and D. M. C~OLL, Biochem. 3, 1343 (1964). 
4 D. J. CHAPV~N, W. J. COI~ and H. W. SmOeLMAN, Biochem. d. 105, 903 (1967). 
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TABLE 1. ABSORBANCE MAXIMA (rim) oF PHYCOI~YTHROaKIN AND ~YCOCYANOSUJN DIMeTHYL 
E ST E RS P R E P ~  F R O M  P H Y C O E R Y T H I U N S  A N D  P I - I Y O D C Y A N I N S  

Source of bilin dimethyl ester 
Solvent 

^ 

Saturated zinc acetate 
5 ~o HCl-methanol in ethanol 

Absorption maxima (nm) 
A 

Reference C-phycoerythrobilin 591 326 603 557 336 
B-phycoerythfin 590 326 603 557 336 
R-phycoerythrin 591 327 603 557 335 

R/wdomanas phycoerythrin 591 326 603 556 336 
Reference phyco~vanobilin 687 375 664 375 
Chroomonm phycocyanin 685 373 663 375 

DISCUSSION 

R-phycocrythrin and B-phycoerythrin both show a distinct absorbance maximum or 
shoulder respectively at 498-500 nm. 5 This maximum has been attributed to a third chromo- 
phore, phycourobilin, since the bilene urobilins all show distinct absorbance maxima in this 
region. 

ChromopeptidesS, 6 and subunits (P-chloromvrcuribenzoate-induced dissociation) 7, s have 
been prepared from R- and B-phycoerythrin. In many instances these show very prominent 
500 nm absorbance maxima. The failure to eliminate this maximum, even from small frag- 
ments or subunits is the mainstay of  the argument for phycourobilin. In the present work 
attempts to isolate this chromophore have been unsuccessful. No urobilin was liberated by 
methanol hydrolysis or by Nagarse, a protvinase, that liberates phycoerythrobilin and 
phycocyanobilin. 9 Chromatographic examination of  the Aplysia defensive pigment, aply- 
sioviolin, derived from R-phycocrythrin revealed no urobilin zone (unpublished observa- 
tions). The urobilin 5 liberated by the silver sulphate method 1° probably arises from the 
action of  acetic acid on the acetic acid-liberated phycocrythrobilin. Phycoerythrobilin is 
unstable and readily isomerizes to a urobilin. 3' n 

There is additional circumstantial evidence that the 500 nm absorbance maximum is the 
result of  protein-phycovrythrobilin interaction. The absorbance spectra of  R-phycoerythrin 
dissolved in 5 M guanidine-HCl, both before and after methanol hydrolysis are nearly 
identical (Fig. 1). I f  two chromophores were present, the ratio Es0 o nm:E56 o ,m would be 
expected to increase noticeably, reflecting the approximately 20 per cent liberation of  phy- 
coerythrobilin (560 nm peak) only. The ratio is virtually unchanged (0.94 before; 0.99 after) 
suggesting that both maxima result from the same chromophore (phycoerythrobilin). 

The absorbance spectra of  the phycoerythrins arc markedly pH dependent. The absorb- 
ance spectrum of  R-phycoerythrin at pH 10 has a predominant broad 500 nm absorbance 

5 c.  ~ HEOCHA, Chemistry and Biochemistry of  Plant Pigments (edited by T. W. GOODWIN), p. 175, Aca- 
demic Press, London (1965). 

6 T. FUJXWAP.A, Y. Biochem. (Tokyo) 48, 317 (1960). 
7 E. FUJXMO~J and J. Peccx, Arch. Biochem. Biophys. 118, 448 (1967). 
s j. P~cx and E. FUnMORX, Biochim. Biophys. Acta 137, 147 (1967). 
9 H. W. SniOFJ.b~LN, D. J. CHAPMAN and W. J. COLE, Arch. Biochem. Biophys. 122, 261 (1967). 

1o A. PAUL, Acta. Chem. Scand. 4, 239 (1950). 
11W. J. COLE, C. (5 HEocKA, A. Moscowrrz andW. R. I~tu'Bo~, EuropeanJ. Biochem. 3, 202 (1967). 
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maximum lz with a subsidiary 560 nm maximum. A 500 nm absorbance maximum is induced 
in C-phycoerythrin at pH 10, a biliprotein that apparently has only a phycoerythrobilin 
chromophore. The absorbance spectra of C-, 13- and R-phycoerythrin are all very similar at 
pH 1012 (and unpublished observations of this laboratory). Denatured C- and R-phycoery- 
thrins dissolved in 5 M guanidine-HC1 (acid) and in 2 M Tris (tris (hydroxymethyl) amino- 
methane) in 5 M guanidine-I-ICl (alkaline) (Fig. 2) have predominant 515 and 510 nm 
absorbance maximum, respectively. In 5 M guanidine-HCl, C- and R-phycoerythrins show 
absorbance maxima at 560 urn, and 560 and 500 um respectively. Under the alkaline condi- 
tions the 515 um absorbance maximum predominates and appears in C-phycoerythrin 
(]:is. 2). 
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The fluorescence spectrum of R-phycocrythrin is suggestive of only one chromophorc. 
Irrespective of the wavelength of excitation, ll the fluorescence emission Sl~ctrum was 
reported to have only one maximum at 578 nm, corresponding to phycocrythrobilin. R- 
phycocyanin, which contains phycocyanobilin and phycocrythrobilin 4 was reported to have 
two maxima in thc fluorescence emission spectrum, corresponding to the two chromophores, s 

C~oomo~phycocyan in  further illustrates the complexity of" the protein-bilin interac- 
tions. 6 hEocha et a1.13 have suggested that the lower maximum (585 nm) is due to a second 
12 M. VAuolu~, Ph.D. Thesis, Massachusetts Institute of Technology (1965). 
13 C. ~) aEocs~, P. O C ~  and D. ~ Proc. R. Ir/.~ Acid. 63B, 191 (1964). 
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chromophore, the: other (650 nm) being due to phycocyanobilin. Only phycocyanobilin was 
cleaved from this phycocyanin, and there was no indication of a second chromophore. 
Denatured Chroomonas, phycocyanin dissolved in 5 M acetic acid orin 5 M guanidine-HCl 
has a single absorbance :maximum at 678-688 nm both before and after methanol hydrolysis 
(cleavage of the chromophore), implying a single chromophore. The single maximum (660 
nm) in the.fluorescence emission spectrum also suggests a single chromophore. 
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FIG. 2. ABSORIrI'ION SPECTRA OF DENATURED R-PHYCOERYTHRIN (R-PE) AND C-PHYCO~YTI-mIN 
(C-PE) m 2 M Tn~S iN 5 M GUANIDINE-HC1, pH 8"9. 

The multiplicity of absorb~n~e v~axima obseryed.m some biliproteins probably results 
from the complexities ofbilin-protein interactions. Claims for different chromophores based 
only on absorbance spectra maxima must be entertained with considerable reservation. 4 

E X P E R I M E N T A L  
Reference phycoerythr0bilin from C-phycoerythrin (ex. Phormidium persicinum) and phycocyanobilin 

from C-phycocyanin (ex. P. iuridum) were prepared by previously described procedures.l,2,4 Rhodomonas 
lens, Chroomonas sp. and Porphyridium cfuenium were grown in a mass culture apparatus,14 in synthetic 
marine media at 18 °. Grinellia americana and Ptilota serrata were collected at Woods Hole, Massachusetts, 
and Halifax, Nova Scotia, respectively. 

Cryptomonad phycoerythrin (ex. Rhodomonas), and p h y c ~ n i n  (ex. Chroomonas), B-phycoerythrm (ex. 
Porphyrich'um) and R-phycoerythrin (Ptilota and Grinellia) were released from the algae by freezing and thaw- 
ing in 0.1 M phosphate buffer, p H  7.0. The very small amotmts ofl~hycocyanin~ (C-phycocyanin and allo- 
phycocyanin) present with the phYcoerythrins (except Rhodomonas) do not interfere with preparation of the 

14 H. L~aAN and H. W. SIEGELMAN, J. Protozool. 14, 297 (1967). 
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chromophores. The biliproteins were used without purification. The procedures for denaturation of bili- 
proteins and liberation of the bilin~ have been previously described. 1,2,4 B-Phycoerythrin differs from all 
other biliproteim in not precipitating upon denaturation with 1-5 per cent trichloracetic acid. Precipitation 
was achieved by denaturin8 with 3 volumes of acetone. The cleaved phycoerythrobilins were methylated with 
diazomethan_e; the p h ~ o b ' d i n  with 7 per cent BF3-methanol. Preparative and analytical chromato- 
graphic systems, purification and crystalliTation procedures have been previously described. 1, 2, 4 

Visible-u.v. absorption spectra were recorded in 5 per cent HCl-methanol (w/v) and ethanol saturated 
with zinc acetate with a Cary 14 spectrophotometer. I.r. absorption spectra were recorded in KBr discs with 
a Perkin-Elmer Infracord. 
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