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cleavage of the intermediate alkyliridium(III) complex 
with bromine had the same configuration as the starting 
5, and on the assumption that bromination of this alkyl-
iridium complex occurred with retention of config­
uration at carbon.1314 The inversion of configuration 
established for bromination of 1 indicates that this 
proposal should presently be accepted with reservation. 
Although the stereochemistry assumed for the bromi­
nation leading to 5 may ultimately be demonstrated to 
be correct, it is clear that either inversion or retention of 
configuration may characterize brominative cleavage 
of carbon-metal bonds. 

(13) R. G. Pearson and W. R. Muir, / . Amer. Chem. Soc, 92, 5519 
(1970). 

(14) Inversion of configuration had been established in oxidative 
addition of <ra/M-l-bromo-2-fluorocyclohexane to Ir(CO)Cl[P(CHs)3]2: 
J. A. Labinger, R. J. Braus, D. Dolphin, and J. A. Osborn, Chem. Com-
mun., 612 (1970). 

(15) National Institutes of Health Predoctoral Fellow, 1967-1970. 

George M. Whitesides,* David J. Boschetto16 

Department of Chemistry, Massachusetts Institute of Technology 
Cambridge, Massachusetts 02139 

Received January 4, 1971 

Amino Acid Sequence of the Subunits of Ovine 
Pituitary Interstitial Cell-Stimulating Hormone 

Sir: 

Ovine interstitial cell-stimulating hormone (ICSH, 
LH), a glycoprotein of about 30,000 molecular weight,1'2 

is a dimer3 in neutral solutions. Carboxyl terminal 
group analysis by Ward, et al.,4 suggested the presence 
of two nonidentical polypeptide chains. Subse­
quently, by virtue of their isolation by countercurrent 
distribution,5 the subunits of ICSH were unequivocally 
demonstrated to be chemically dissimilar both with 
respect to amino acid and carbohydrate content. The 
individual subunits, ICSH-a and ICSH-0 (formerly 
designated ICSH-CI and ICSH-CII), are biologically 
inactive until recombined.6-8 Enzyme digestion with 
carboxypeptidase A showed9 that the COOH terminal 
residue of ICSH-a was serine and that of ICSH-/3 was 
leucine. More recently, reinvestigation of the N termi­
nus by the dansyl procedure10 shows that ICSH-a has 
an NH2 terminal phenylalanine and ICSH-/3 begins with 
serine. We have previously reported on the sequences 
of two peptides obtained by CNBr cleavage of ICSH-/3 
which accounted for 39 of the 120 residues present11 in 
ICSH-/3. We wish now to report the results of se­
quence studies which allow us to postulate the entire 

(1) P. G. Squire and C. H. Li, Science, 127, 32 (1958); / . Biol. Chem., 
234, 520 (1959). 

(2) D. N. Ward, R. F. McGregor, and A. C. Griffin, Biochim. Bio-
phys. Acta, 32, 305 (1959). 

(3) C. H. Li and B. Starman, Nature (London), 202, 291 (1964). 
(4) D. N. Ward, M. Fujino, and W. M. Lamkin, Fed. Proc, Fed. 

Amer. Soc. Exp. Biol., 25, 348 (1966). 
(5) H. Papkoff and T. S. A. Samy, Biochim. Biophys. Acta, 147, 175 

(1967). 
(6) H. Papkoff and T. S. A. Samy, Fed. Proc, Fed. Amer. Soc. Exp. 

Biol., 27, 371 (1968). 
(7) H. Papkoff and J. Gan, Arch. Biochem. Biophys., 136, 522 (1970). 
(8) L. E. Reichert, M. A. Rasco, D. N. Ward, G. D. Niswender, and 

A. R. Midgley, J. Biol. Chem., 244, 5110 (1969). 
(9) T. S. A. Samy, H. Papkoff, and C. H. Li, Arch. Biochem. Biophys., 

130,674(1969). 
(10) B. S. Hartley and V. Massey, Biochim. Biophys. Acta, 21, 58 

(1956); W. R. Gray, Methods Enzymol., 11, 469 (1967). 
(11) T. S. A. Samy, H. Papkoff, and C. H. Li, Arch. Biochem. Bio­

phys., 132,315 (1969). 

linear amino acid sequence of both ICSH-a and 
ICSH-/3. 

Ovine ICSH, and its subunits ICSH-a and ICSH-/3, 
were prepared by the procedures previously de­
scribed.6 '12 Performic acid oxidations as well as re­
duction and alkylation of the hormone were performed 
by methods1 3 , 1 4 reported earlier. CNBr reactions1 5 

were carried out in 7 0 % formic acid. Completeness 
of performic acid oxidation, reduction, and alkylation 
and CNBr cleavage was determined by amino acid 
analysis of the products. Amino acid analyses16 were 
performed with a Beckman amino acid analyzer Model 
120 B. 

Digestions with trypsin, chymotrypsin, and subtilisin 
were carried out in 0.1 M ammonium acetate of p H 8.3 
for 8 hr at 37° (enzyme-substrate, 1:100 or 1:50). 
CNBr reaction mixtures were fractionated on columns 
of Sephadex G-50 in 20 % formic acid (v/v). Enzyme 
digests were fractionated first on columns of Sephadex 
G-50, -25, and -15 in 0.01 Af N H 4 O H ; further purifica­
tions were effected by paper chromatography in the sys­
tem 1-butanol-acetic acid-water ( 4 :1 :5 , v/v), or 1-buta-
nol-pyridine-acetic acid-water ( 5 : 2 : 1 : 4 , v/v) and by 
high- and low-voltage electrophoresis on paper in buf­
fers of either p H 2.0 or 6.4. Purity of peptides was as­
sessed by terminal group analysis,10 quantitative amino 
acid analysis,16 and by the fingerprint technique.17 

Sequences were established by the Edman1 8-dansyl1 0 

technique, the Edman subtractive method,19 and ki­
netic studies of digestion with leucineaminopeptidase 
and carboxypeptidase. 

The proposed structure of ICSH-a is shown in Char t 
I and that of ICSH-(S in Chart II. ICSH-a consists 

Chart I. Amino Acid Sequence of Ovine ICSH-a(CI)° 

H-Phe-Pro-Asp-Gly-Glx-Phe-Thr-Met-Glx-Gly-Cys-Pro-Glx-Cys-
10 

LySrLeU-LySjGIu-Asn-Lys-Tyr-Phe-Ser-Lys-Pro-Asx-Ala-Pro-Ue-
T t 20T 

Tyr-Gln-Cys-MeTOly-Cys-Cys-Phe-Ser-Arg-Ala-Tyr-Pro-Thr-
30 T40 

CHO 
l i ! 

Pro-Ala-ArgjSer-Lys-Lys-Thr-Met-Leu-Val-Pro-Lys-Asn-Ile-
T t T 50 t 

Thr-Ser-Glu-Ala-Thr-Cys-CysjVal-Ala-LysjAla-Phe-Thr-Lys-Ala-
* 60 T t * T 70 T 

CHO 
Thr-Val-Metfely-Asn-Val-Arg-Val-Glx-Asn-His-Thr-Glx-Cys-

T 180 

HisjSer-Cys-Thr-Cys-TyrjTyr-His-LysjSer-OH 
i 90* T t 

"CHO, carbohydrate moiety; Jl, CNBr; f, trypsin; \, 
chymotrypsin; f , subtilisin. 

(12) H. Papkoff, D. Gospodarowicz, A. Candiotti, and C. H. Li, 
ibid., 111,431 (1965). 
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(15) E. Gross and B. Witkop, J. Biol. Chem., 237, 1856 (1962); E. 
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(19) W. Konigsberg and R. T. Hill, J. Biol. Chem., 234, 2547 (1962). 
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Chart II. Amino Acid Sequence of Ovine ICSH-jS (CII)0 

CHO 

H-Ser-ArgjGly-Pro-Leu-Arg-Pro-Leu-Cys-Glu-Pro-Ile-Asn-Ala-
* 10 

Thr-LeuUla-Ala-GIu-LysjGlu-Ala-Cys-Pro-Val-Cys-Ile-Thr-
20* 

PhejThr-Thr-Ser-Ile-Gly-Ala-Tyr-Cys-Cys-Pro-Ser-MePLys-
* 30 40 t 

Arg-Val-Leu-Pro-Val-Pro-Pro-Leu-Ile-Pro-Met-Pro-Gln-ArgjVal-
T 50 T 

Cys-Thr-Tyr^His-Gln-LeuUrg-PheUla-Ser-Val-ArgrLeu-Pro-
60 I T 70 

Gly-Pro-Cys-Pro-Val-Asp-Pro-Gly-MetWser-Phe-Pro-Val-
80 

Ala-LeuiSer-Cys-His-Gly-Pro-Cys-Cys-Arg-LeulSer-Ser-Thr-
* 90 T 

Asp-Cys-Gly-Pro-Gly-Arg-Thr-Glu-Pro-LeuJAla-Cys-Asp-His-
100 I * 

Pro-Pro-Leu-Pro-Asp-Ile-Leu-OH 
120 

° See footnote a, Chart I. 

of 96 amino acid residues. There are two carbohy­
drate moieties which are linked to asparagine residues 
in positions 56 and 82. Liao and Pierce20 have re­
cently shown that thyrotropin (TSH) consists of chemi­
cally dissimilar subunits as does ICSH, and one of the 
subunits, TSH-a, is very similar to ICSH-a. Pierce, 
et a/.,21 have also determined the amino acid sequences 
of the TSH subunits. Comparison of the structure of 
ICSH-a (Chart I) with that of TSH-a reveals that the 
two are nearly identical. This is all the more remark­
able when one considers that the TSH was of bovine 
origin while the ICSH in this study is of the ovine spe­
cies. 

ICSH-/3 (Chart II) consists of 120 residues in con­
trast to the 96 of ICSH-a, contains but one carbohy­
drate moiety (residue 13), and possesses 12 half-cystine 
residues compared to the 10 in ICSH-a. The sequence 
of the peptides previously described11 is located in the 
region of 42-80. Liu, et ah,^1 in a preliminary com­
munication have also postulated a structure for the 
ICSH-/J subunit. There are certain differences worthy 
of note. Their structure lacks the carboxyl terminal 
sequence • • • Ile-Leu present in our formulation. Also, 
their structure lacks two half-cystine residues (no. 38 
and 93) as well as a threonine residue (no. 28) found in 
the structure presented in Chart II. Additionally, Liu, 
et a/.,22 postulated the amino terminal serine residue 
to be acylated. 
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Photochemistry of Polyenes. I. A Comparative 
Study of Cis-Trans Isomerization from the Si 
and Ti States of a Conjugated Triene (Alloocimene) 

Sir: 
Studies of the photochemical reaction of conjugated 

trienes have been largely limited to direct irradiation 
leading to electrocyclic or sigmatropic rearrangements.* 
The cis-trans isomerization reaction has been studied 
only in a cursory manner.ld_t In this communication, 
we wish to report some of our findings from the isomer­
ization studies. 

The triplet state energies of the trans and cis isomers 
of 1,3,5-hexatriene are 47 and 48 kcal/mol, respec­
tively. le'2 Therefore, triene triplet states can be 
readily populated with most of the conventional photo-
sensitizers. On the other hand, isomerization by 
direct irradiation can be effected by employing light of 
2537A.1 

The presence of several possible isomers in a sub­
stituted triene complicates cis-trans isomerization 
studies. The most complex case would be a triene 
with different substituents at the terminal positions 
giving a maximum of eight isomers. To reduce com­
plexity while not sacrificing interesting information we 
studied the alloocimene, 2,6-dimethyl-2,4,6-octatriene, 
system where only four geometric isomers are possible. 
All four isomers are readily isolable and their structures 
known.3 

TT TC CT CC 

Isomers TT and TC are present in commercial 
alloocimene, thus most readily available. Isomers 
CT and CC can be obtained from an irradiated4 mix­
ture of the triene. By preparative glc all four isomers 
have been isolated in at least 90 % purity. Direct and 
sensitized (by benzophenone) irradiation of dilute 
solutions of pure isomers were performed. Progress 
of the reactions was followed by glc analyses of aliquots 

(1) (a) G. J. Fonken, Tetrahedron Lett., 549 (1962); (b) J. Meinwald 
and P. H. Mazzocchi, / . Amer. Chem. Soc, 88, 2850 (1966); 89, 1755 
(1967); (c) O. L. Chapman, G. W. Borden, R. W. King, and B. Winker, 
ibid., 86, 2660 (1964); (d) K. J. Crowley, / . Org. Chem., 33, 3679 (1968); 
(e) N. G. Minnaard, Ph.D. Dissertation, University of Leiden, 1970; 
(f) G. M. Sanders, J. Pot, and E. Havinga, Fortschr. Chem. Org. Naturst., 
27, 131 (1969). 

(2) D. F. Evans, J. Chem. Soc, 1736 (1960). 
(3) See discussions in ref Id and references cited therein. 
(4) The photostationary state composition varies with triene con­

centration. At 0.05 M, the stationary mixture (sensitizer-benzophe-
none) contains 18 and 15% of CC and CT, respectively. 
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