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The amino acid sequence of the unique COOH-terminal 
region of the fi subunit of human choriogonadotropin has 
been reinvestigated. The desialylated subunit was digested 
with thermolysin and a 27-residue peptide from positions 115 
through 141 isolated in a high yield. Quantitative Edman 
sequence degradation of this peptide, of another peptide 
produced by thermolysin digestion containing residues 142 
to 145, and of two tryptic peptides (residues 123 to 145,134 to 
145) has established that the amino acid sequence of this 

115 120 CHO 125 
region is: Phe-Gln-Asp-Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro- 

CHO 130 CHO 135 CHO 
Pro-Ser-Leu -Pro- Ser- Pro-Ser -Arg -Leu- Pro- Gly- Pro- Ser- 

140 145 

Asp-Thr-Pro-He-Leu-Pro-Gln. In addition, the positions of 
attachment of the carbohydrate moieties to serine residues 
was established by a direct procedure using alkaline elimi- 
nation and 35S-labeled sulfite addition, which yields [%I- 
cysteic acid residues at the site of a substituted serine. 
Carbohydrate side chains in the COOH-terminal region have 
been shown to exist at residues 121, 127, 132, and 138. These 
studies have also resulted in the development of improved 
methods for the purification of COOH-terminal peptides of 
the human choriogonadotropin 0 subunit. 

Human choriogonadotropin (hCG) is a glycoprotein hor- 
mone synthesized by trophoblast cells early in pregnancy (1, 
2). Primary structure studies of the honidentical a and /? 
subunits of this hormone (3, 4) have revealed a high degree of 
homology with the (Y subunits of the other glycoprotein hor- 
mones, i.e., lutropin, thyrotropin, and follitropin; target organ 
specificity is apparently conveyed by differences in the struc- 
tures of their p subunits (5). The structural comparison of 
hLH’ with hCG is of particular interest since these two hor- 
mones bind at the same ovarian or testicular receptors (6 - 8). 
Also, antibodies that bind hCG and do not bind hLH have been 
used as tumor markers and to make the diagnosis of preg- 
nancy as early as several days following fertilization (9,101. 

* This work was supported by National Institutes of Health Con- 
tract NOl-HD-O-2251 and Research Grant AM 09579. 

1 The abbreviations used are: hLH, human lutropin; asialo, desi- 
alylated; hCG, human choriogonadotropin; hCG p, p subunit of 
human choriogonadotropin; PTH, 3-phenyl-2-thiohydantoin; RCM, 
reduced, S-carboxymethylated. 

Two proposals for the primary structure of hCG have been 
published (11-13). Both indicate a high degree of homology 
between the a! and p subunits of hLH and hCG with the 
interesting finding of a unique extension of approximately 30 
amino acids at the COOH terminus of the hCG p subunit. 
However, these two proposals contain significant differences in 
the amino acid sequence of this region and in sites of carbohy- 
drate attachment to serine residues. Since synthetic peptides 
containing this unique sequence of the hCG p subunit provide 
the most promising source of antigens to raise antibodies that 
distinguish hCG from hLH, it is important to resolve these 
disagreements about the primary structure. This communica- 
tion describes the isolation of peptides from this region of the 
hCG /3 subunit and structural studies which confirm our ini- 
tial proposal. The accompanying paper contains the results of 
an independent study arriving at the same conclusion (14). 

EXPERIMENTAL PROCEDURES 

Hormone Preparation - Crude human choriogonadotropin was 
purchased from Organon (Oss, Netherlands) and purified as de- 
scribed earlier (15). The hormone was dissociated into subunits and 
purified by methods that have also been described previously (16). 

Materials and Methods - Details of the material and methods used 
are given in the supplement to this paper.2 

RESULTS 

Isolation of Peptides - The isolation and designation of no- 
menclature of the peptides PT(14 + 15) and PT(15) from re- 
duced, carboxymethylated hCG p subunit have been described 
earlier (13). Additional analyses are listed in Table I. In order 
to obtain other fragments from the COOH-terminal region of 
the p subunit, we also investigated other enzymatic digestions 
of native -and asialo p subunit. Since there was a limited 
supply of material, the conditions for large scale preparation of 
peptides were established by small scale digestions followed by 
gel filtration and monitoring of the eluant fractions by absorb- 

’ “Materials and Methods” as well as some of the figures and 
tables are presented in a miniprint format immediately following 
this paper. The abbreviations used, in addition to those in the main 
text, are RIA, radioimmunoassay; DMAA, N,N-dimethyl-N-allyl- 
amine; EtCl,, dichloroethane; PITC, phenylisothiocyanate. Figs. S.1 
through S.5 and Tables S.1 through S.VI are found on pp. 5391-5392. 
Also, 16 pages of full size photocopies are available from the Journal 
of Biological Chemistry, 9650 Rockville Pike, Bethesda, Md. 20014. 
Request JBC Document Number 77M-180, cite the author(s), and 
include a check or money order for $2.40 per set of photocopies. 

5386 

 by guest, on F
ebruary 15, 2011

w
w

w
.jbc.org

D
ow

nloaded from
 

http://www.jbc.org/


Human Choriogonadotropin j3 Subunit Structure 5387 
ante at 230 nm and by a sensitive radioimmunoassay to the 
COOH-terminal region. 

The gel filtration patterns following these small scale (3 mg) 
digestions of the p subunit are illustrated in the supplement. 
Asialo hCG /3 was digested with trypsin, chymotrypsin, and 
thermolysin. Since approximately 0.15 pm01 of substrate was 
employed, the immunoassay technique was of great benefit in 
determining the degree of cleavage and the location of COOH- 
terminal peptides in the column effluents. Amino acid analy- 
ses and NH,-terminal sequence studies were also used to 
characterize the products. Fig. S.l shows the results of a 
tryptic digestion of asialo hCG /3 fractionated on Sephadex G 
100. The third peak containing virtually all of the immuno- 
reactive material was identified as peptide pT(14 + 15) by 
amino acid analysis and NH,-terminal sequence. Fig. 5.2 

shows that chymotrypsin, under the conditions used in this 
study, does not cleave a COOH-terminal peptide from asialo 
hCG /3. The accompanying paper indicates that a COOH- 
terminal fragment can be derived from chymotryptic digestion 
of the RCM /3 subunit (14). 

Small scale digestions of both native hCG /3 (Fig. 5.3) and 
asialo hCG /3 with thermolysin, followed by chromatography 
of the digestion products on Sephadex G-75, indicated that a 
COOH-terminal peptide starting at residue 115 of the /3 sub- 
unit was released. As a result of these studies a large scale 
preparative digestion of asialo hCG /3 subunit was performed 
and the products were separated on Sephadex G-75 (Fig. 1). 
ERluent fractions were pooled as shown in Fig. 1 and desig- 
nated m-1 through @I’h-5. Amino acid analyses of @I’h-1 and 
@l’h-2 appear in Table S.1 and the NH,-terminal sequence 

TABLE I 
Amino acid analyses of COOH-terminal peptides 

Given as relative number of residues. Column A gives the analysis obtained for the peptides as isolated, while column B is the analysis 
obtained after the alkaline p elimination, converting substituted serine residues to cysteic acid (see “Methods”). - = co.05 residue. 

Amino acid 
m-4 ply14 + 15) f?lY15) 

I-IV-1 
A” B A B A B 

Cysteic acidb 1.0 1.4 0.5 
Aspartic acid 1.8 (2) 2.0 (2) 1.0 (1) 1.0 (1) 1.0 (1) 1.3 (1) 
Threonine 0.9 (1) 1.0 (1) 1.0 (1) 1.0 (1) 0.9 (1) 0.9 (1) 
Serine 1.5 (8) 5.9 3.7 (4) 2.3 0.9 (1) 0.5 
Glutamic acid 1.0 (1) 0.8 (1) 0.8 (1) 0.8 (1) 1.0 (1) 1.0 (1) 1.0 (1) 
Proline 7.1 (8) 9.4 (8) 9.6 (9) 10.7 (9) 3.8 (4) 3.0 (4) 1.0 (1) 
Glycine 0.9 (1) 1.0 (1) 1.0 (1) 1.0 (1) 1.0 (1) 1.0 (1) 1.0 (1) 
Alanine 0.9 (1) 0.9 (1) 1.0 (1) 
Cysteine 
Valine 
Methionine 
Isoleucine 0.1 1.0 (1) 0.9 (1) 1.0 (1) 0.7 (1) 0.9 (1) 
Leucine 1.9 (2) 2.3 (2) 3.3 (3) 3.2 (3) 1.9 (2) 1.8 (2) 1.0 (1) 
Tyrosine 
Phenylalanine 0.7 (1) 0.7 (1) 
Histidine 
Lysine 0.9 (1) 1.0 (1) 
Arginine 1.0 (1) 1.0 (1) 0.9 (1) 1.0 (1) 0.9 (1) 1.0 (1) 
a Results of 24-, 48-, 72-h corrected analyses. 
b Cyst&c acid results from the p elimination-sulfite addition reaction for determination of carbohydrate-substituted serines (25). 

FIG. 1. Separation of products of a 
thermolysin digest of 200 mg of asialo 
hCG p. Gel filtration of the digestion ? 1.5 

products was on Sephadex G-75 (195 x 2 
2.5 cm); eluant, 0.08 M ammonium ace- cu 1.2 
tate, pH 5.9; flow rate, 40 ml/h; temper- 
ature, 23”. Fractions were 5 ml and : 

pooled as indicated by shaded areas. 24 LL 0.9 
RIA , radioimmunoassay. 0 

: 
I 0.6 

250 750 Id00 

EFFLUENT VOLUME (ml) 
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Human Choriogonadotropin /3 Subunit Structure 5388 

Peptide 

jn(14 + 15) 

PHV-I 

Composite 115 120 CHO 126 CHO 130 CHO 135 CHO 140 145 
sequence Phe-Gln-Asp-Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile-Leu-Pro-Gln 

115 CHO CHO 
Ph$X&u~-&x-Seer- Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro(Ser,Arg, Leu,Pro,Gly,Pro,Ser,Asp,Thr,Pro) 7777-7-7~17~7 

123 CHO CHO 
Ala-Pro-Ro-Ro-Ser-Leu-Pm-Ser-Pro-Ser-Arg-Leu-Pro-G~-~(Ser.Asp,Thr,~o,Ile,Leu,Pro,Gln) --777--T------r--7 -- 

134 CHO 
Leu-Pro-Go-ho-Ser-AspThr-Pro- Ile(Leu Pro Gln) -7 -77--7 

142 
fld.fJU-Pro-Ghl -7-7 

FIG. 2. Quantitative Edman degradation of peptides derived from 
the COOH-terminal portion of hCG p. Residues sequenced and 
quantitated by HI hydrolysis (see supplement) are indicated by -. 
The COOH-terminal glutamine of peptide HV-1 was determined 

data of PTh-2 appears in Tables SIIA and S.IIB. Similar but 
less distinct sequence results were noted with PTh-1. PTh-1 
appears to be p subunit which has been partially degraded 
with thermolysin, but still contains the COOH-terminal frag- 
ment. PTh-2 consists of 6 subunit lacking the COOH-terminal 
residues 115 to 145 and is also missing amino acids in the 
region of residues 1 to 4 and 41 to 50. The six disulfide bonds 
presumably hold the remainder of this “core” fragment to- 
gether. The PTh-3 and /?Th-4 fractions contain a large peptide 
from the COOH terminus, which was further purified by 
rechromatography on Sephadex G-25 to remove any contami- 
nating core fragment. The product contains a peptide with an 
amino acid analysis and NH,-terminal sequence which indi- 
cate that it is comprised of residues 115 to 141 in a yield of 60 to 
70%. pTh-5 is a complex mixture of salts and a variety of small 
peptides excised from the NH, terminus and the middle of the 
core fragment (region of residues 41 to 50) and also Residues 
142 to 145 from the COOH terminus of the subunit. This 
mixture was chromatographed on both Sephadex G-15 and G- 
25 and the peptides were separated by high voltage electropho- 
resis and identified by amino acid composition and NH&arm& 
nal structure. Peptide HV-1 was identified as the COOH-ter- 
minal tetrapeptide (Residues 142 to 145) and its amino acid 
analysis (Table S.111) and NH,-terminal sequence (Fig. 2; 
Table S.VI) were determined. The amino acid analyses and 
sequence of the other small peptides separated from pool 
@l!h-5 are detailed in Table S.111. Fig. S.4 summarizes our 
results indicating the location of bonds that appear to have 
been cleaved by thermolysin during the large scale digestion 
asialo hCG p. 

Amino Acid Sequence-The structure of the COOH-termi- 
nal region was determined quantitatively by manual Edman 
degradation followed by HI hydrolysis of the resultant PTH- 
derivatives. Data for identification of PTH-derivatives were 
also obtained by gas chromatography and thin layer chroma- 
tography as described under “Methods.” Four peptides were 
employed in this procedure: pTh-4; PT(l4 + 15); PT(15), and 
PHV-1. Amino acid analyses for the peptides appear in Table 
I. The results of quantitative Edman degradation of each 
peptide are summarized in Fig. 2. The yields of PTH-deriva- 
tives at each step of the degradation are summarized in Tables 
S.IV, SV, and S.VI, which appear in the supplement. These 

directly. The peptide was subjected to three steps of Edman degra- 
dation and the free COOH-terminal glutamine was derivatized to 
the PTH-derivative of glutamine and identified on thin layer chro- 
matography as well as glutamic acid after HI hydrolysis. 

yields were corrected for losses during hydrolysis with HI by 
parallel studies with PTH-derivative standards. 

Determination of Position of Carbohydrate Moieties-The 
alkaline sodium [?S]sulfite p elimination-sulfite addition re- 
action was used to determine the positions of the serines 
substituted with carbohydrate side chains. Three carbohy- 
drate-containing peptides were subjected to this reaction: tryp- 
tic peptides pT(14 + 15) and PT(15) and thermolysin peptide 
@Th-4. Amino acid analysis indicates that after a 4-h reaction 
period, approximately 1.5 serine residues were converted to 
cysteic acid in peptides /3Th-4 and pT(14 + 15). In peptide 
pT(15) one-half of the residues of serine were converted to 
cysteic acid. Amino acid analyses of these peptides after alka- 
line elimination appear in Table I. These partial conversions 
of substituted serines to cysteic acid produced labeled residues 
of sufficient radioactivity for identification after Edman degra- 
dation. Gel filtration of the reaction products in ammonium 
acetate on Sephadex G-15 separated the peptide (eluting at the 
void volume) from several other radioactive peaks which were 
presumed to be partially hydrolyzed peptide fragments, la- 
beled sugar fragments, and the salt peak. In each case subse- 
quent gel filtration on Sephadex G-50 in ammonium bicarbon- 
ate produced one symmetrical peak, which represented the 
only 230 nm absorbing material in the eluant. 

Each of the peptides was subjected to sequential manual 
Edman degradation and the radioactivity of aliquots of both 
aqueous and organic phases was determined. Part of each 
organic phase was used for direct identification of the PTH- 
derivative by gas chromatography and thin layer chromatog- 
raphy and part was hydrolyzed and quantitated by amino acid 
analysis. Fig. 3A indicates the W counts observed during each 
step of the manual Edman procedure of peptide /YI’h-4. Fig. 3LI 
illustrates the same data for peptide PT(l4 + 15) and Fig. 3C 
for peptide pT(15). The yield of PTH-derivatives at each step 
was determined by HI hydrolysis which indicated that hetero- 
geneity was not present in the alkaline-treated peptides. 

The results of these alkaline p elimination experments pro- 
vided direct evidence for carbohydrate side chains attached to 
serines at position 121 (Fig. 3A), positions 127 and 132 (Fig. 
3B), and position 138 (Fig. 3C). In addition, minor amounts of 
incorporated radioactivity were also noted at serine residues 
120 and 130. 
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Human Choriogonadotropin 6 Subunit Structure 5389 

the endometrial lining of the uterus and prevent the onset of 
the impending menstrual period (2). Since hLH, which is 
synthesized in the pituitary and plays a role along with folli- 
tropin in the ovulation process, and hCG appear to act at the 
same receptor sites (6-81, their structural comparison is of 
considerable interest. hCG has a higher carbohydrate content 
than hLH and the hCG p subunit contains an additional 30 
amino acids at the COOH terminus, including four additional 
carbohydrate side chains attached at serine residues in this 
region. The amino acid composition of this extra structural 
component is unusual in that 9 of its 30 residues are proline. 
These features may convey additional resistance to proteolytic 
degradation and account for the nearly IO-fold increase in the 
plasma half-life of hCG when compared with hLH (17, 18). 

3 
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Several practical immunologic applications have centered 
about the differences in primary structure between the p 
subunits of hCG and hLH. Antisera raised against hCG 6, 
that have a low degree of cross-reactivity with hLH, have been 
employed as sensitive tests of pregnancy (9, 10). In addition, it 
has been shown that many nonpregnant patients with cancer 
have a detectable amount of hCG in their serum, making this 
assay a valuable tumor marker (19, 20). Finally, immuniza- 
tion of animals and humans with the hCG /3 subunit, conju- 
gated to tetanus toxoid, has begun to be studied as a method of 
altering fertility (21, 22). However, when the entire hCG p 
subunit is employed as a component of the immunogen, there 
is the probability that some of the antibodies produced will 
cross-react with homologous regions of hLH. The 30-residue 
COOH-terminal region of the hCG /3 subunit thus becomes a 
very attractive component of an immunogen since those anti- 
bodies that do cross-react with the native hormone will be 
unique for hCG. For this reason, synthetic fragments from 
this region have begun to be employed as antigens with vary- 
ing degrees of success (23, 24). One explanation of a lack of 
success would be that the synthetic fragment was prepared 
according to an incorrect sequence. 

134 IS5 136 137 I36 139 
LEU PRO GLY PRO 6ER ASP I 

123456 
EDMAN CYCLE NUMBER 

FIG. 3. Identification of the location of carbohydrate groups at- 
tached to serines in the COOH-terminal region of the hCG p mole- 
cule. Radioactivity of [35Slcysteic acid produced by an alkaline elimi- 
nation-sulfite addition reaction (see “Methods”) is plotted on the 
ordinate. The amino acid sequences identified in a quantitative 
fashion are plotted on the aZ~scissa. A, peptide pTh-4; carbohydrate 
present at position 121 with a trace present at 120. B, peptide PT(14 
+ 151; carbohydrate attached to residues 127 and 132. C, peptide 
pT(15); carbohydrate present at residue 138. The background radio- 
activity noted at other steps is presumed to be due to extraction of 
the labeled peptide. The scale of the ordinate ofB is different since a 
planchette counter has been used to measure radioactivity, whereas 
a liquid scintillator was used for the other experiments. Different 
specific activities of the various batches of sodium [Wlsulfite also 
contributed to variations in the labeling of the peptides. 

In view of the fact that there are numerous disagreements 
about the primary structure of this area of the molecule, we 
have undertaken to repeat a study of the isolation and amino 
acid sequence of this region, so that the types of biological 
experiments described above can proceed with synthetic mate- 
rial that is based on the correct primary structure. The princi- 
pal differences between the report of the structure of the hCG 
p COOH terminus by Carlsen et al. (12) and that from our 
laboratory (4, 13) include both amino acid and carbohydrate 
assignments. Carlsen et al. (12) found an extra Ser-Leu-F’ro 
sequence extension at the COOH terminus, but they did not 
find the serine at position 121. Carlsen et al. (12) reported a 
proline at 138 (our numbering), while we found a serine in that 
position. Carlsen et al. (12) found three carbohydrate side 
chains at serines in positions 117, 130, and 132 (our number- 
ing), while we reported the major carbohydrate substitutions 
to be at four serines at residues 121, 127, 132, and 138. 

DISCUSSION 

The principal biological role of hCG is to convey a stimulus 
from the fertilized ovum to the corpus luteum of the ovary to 
sustain the synthesis of steroid hormones that will maintain 

Our earlier report employed peptides produced by trypsin 
and thrombin cleavage of asialo RCM hCG p (13) while the 
structural studies of Carlsen et al. (12) were performed by 
digestion of asialo, S-carboxamidomethylated hCG /3 with 
trypsin, chymotrypsin, and thermolysin. In this study, in 
addition to repeating the isolation of the tryptic peptides, we 
evaluated the possibility that trypsin, chymotrypsin, or ther- 
molysin might cleave the asialo p subunit without prior re- 
duction and carboxymethylation. This was accomplished by 
enzymic digestion of small quantities of the subunit, passing 
the products through Sephadex G-75, and using a sensitive 

 by guest, on F
ebruary 15, 2011

w
w

w
.jbc.org

D
ow

nloaded from
 

http://www.jbc.org/


5390 Human Choriogonadotropin p Subunit Structure 

radioimmunoassay to detect COOH-terminal antigens in the 
effluent. The results indicate that trypsin and thermolysin, 
but not chymotrypsin, under the conditions employed (Figs. 
S.l to S.31, will release fragments containing COOH-terminal 
antigens from the core of the subunit, the latter retaining a 
high molecular weight presumably due to cross-linking by the 
six cystine bridges. This new method of preparation is a major 
improvement over those that employ RCM asialo hCG as a 
substrate, because it permits a one-step purification with a 
peptide yield of nearly 70%. 

The products of the large scale thermolysin digestion (Fig. 
1) indicate that a COOH-terminal fragment arose as a result of 
cleavage of the peptide bond between residues at positions 
114 and 115. This fragment was apparently further cleaved 
giving rise to a tetrapeptide containing residues 142 to 145, 
which was recovered from the digestion mixture (HV-1). A 
summary of residue assignments from Edman degradation 
studies is given in Fig. 2 and the method of identification and 
quantitative yields are listed in Tables S.111 to S.VI in the 
supplement. The results are in complete agreement with our 
earlier proposal (4, 13). 

In an effort to re-examine the number and location of serine 
residues substituted with carbohydrate we used a modification 
of the method of /3 elimination and sulfite addition described 
by Simpson et al. (25), employing 35S-labeled sulfite. The 
results are summarized in Fig. 3. Carbohydrate side chains 
appear to be located at serines in positions 121, 127, 132, and 
138, with a minor amount at position 120. The attachments at 
positions 127, 132, and 138, all follow a Pro-X-Pro sequence, 
which has been described before (26). 

The reasons for the primary structure inaccuracies reported 
by Carlsen et al. (12) were probably the result of sequencing 
impure peptides and also lack of quantitation of PTH-deriva- 
tives. For example, the erroneous assignment of the extra 
tripeptide at the COOH terminus, Ser-Leu-Pro, resulted from 
dansyl(5-dimethylaminonaphthalene-l-sulfonyl)-monitored 
Edman sequence degradation of the peptide designated, PC- 
19, T-3, Th-2 (12). This preparation was probably contami- 
nated with other peptides and the sequence of a larger contam- 
inating peptide was apparently added at the point the major 
peptide had been sequenced to its final residue. With regard to 
other errors, Residue 138 was reported as proline apparently 
due to overlap in the Edman degradation since the PTH- 
derivative of serine, linked to carbohydrate, cannot be ob- 
served by the direct Edman identification. Another error ap- 
peared in the report of region 118 to 121, i.e. the failure to detect 
the fourth serine at position 121. The peptide pTh-21, T-l was 
sequenced through only three serines and the COOH-terminal 
lysine was not recovered since it was in the form of a dipeptide, 
Ser-Lys, at that point of Edman degradation. The peptide PC- 
19, T-2, containing residues 115 to 122, was purified but not 
subjected to extensive sequence analysis. Had peptide /3Th-21 
been sequenced through this region to the lysine at position 
122, the four serines would have been detected. The carbohy- 
drate residue assignments were primarily confused because of 
a lack of accurate subtractive Edman data as well as lack of a 
positive method of identification such as the isotopic substitu- 
tion method described in this paper. 

The accompanying paper (14) describes an independent 
study of the structure of the /I subunit COOH terminus em- 
ploying a different type of enzymic cleavage and a different 
method to identify serine substituted with carbohydrate. The 

results agree completely with those described herein. 
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