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The amino acid sequence of the unique COOH-terminal
region of the B 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-GIn-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-Ile-Leu-Pro-Gin. In addition, the positions of
attachment of the carbohydrate moieties to serine residues
was established by a direct procedure using alkaline elimi-
nation and *S-labeled sulfite addition, which yields [**S]-
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 g8 subunit.

Human choriogonadotropin (hCG) is a glycoprotein hor-
mone synthesized by trophoblast cells early in pregnancy (1,
2). Primary structure studies of the nhonidentical & and g
subunits of this hormone (3, 4) have revealed a high degree of
homology with the a 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 B 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, 10).

* This work was supported by National Institutes of Health Con-
tract NO1-HD-0-2251 and Research Grant AM 09579.

! The abbreviations used are: hLH, human lutropin; asialo, desi-
alylated; hCG, human choriogonadotropin; hCG 8, 8 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 g 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 8 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  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 B 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 previocusly (16).

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

RESULTS

Isolation of Peptides— The isolation and designation of no-
menclature of the peptides gT(14 + 15) and gT(15) from re-
duced, carhoxymethylated hCG B subunit have been described
earlier (13). Additional analyses are listed in Table . In order
to obtain other fragments from the COOH-terminal region of
the B subunit, we also investigated other enzymatic digestions
of native ‘and asialo 8 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-

2 “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.I 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.
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ance 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 B subunit are illustrated in the supplement.
Asialo hCG B was digested with trypsin, chymotrypsin, and
thermolysin. Since approximately 0.15 umol 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.1 shows the results of a
tryptic digestion of asialo hCG g fractionated on Sephadex G-
100. The third peak containing virtually all of the immuno-
reactive material was identified as peptide 8T(14 + 15) by
amino acid analysis and NH,-terminal sequence. Fig. S§.2

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

Small scale digestions of both native hCG g (Fig. S.3) and
asialo hCG g8 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 8 sub-
unit was released. As a result of these studies a large scale
preparative digestion of asialo hCG B subunit was performed
and the products were separated on Sephadex G-75 (Fig. 1).
Effluent fractions were pooled as shown in Fig. 1 and desig-
nated 8Th-1 through 8Th-5. Amino acid analyses of 8Th-1 and
BTh-2 appear in Table S.I 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 8 elimination, converting substituted serine residues to cysteic acid (see “Methods”). — = <0.05 residue.
Amino acid BTh-4 BT(14 + 15) BT(15) VA
Ac B A B A B

Cysteic acid® 1.0 1.4 0.5

Aspartic acid 1.8 (2) 2.0 (2) 1.0 (D) 1.0 (1) 1.0 (1) 1.3 (1)

Threonine 0.9 () 1.0 (1) 1.0 (D) 1.0 (1) 09 (1) 09 (1)

Serine 7.5(8) 5.9 3.74) 2.3 0.9 (1) 0.5

Glutamic acid 1.0 (1) 0.8 (1) 0.8 (1) 0.8 (1) 1.0Q1) 1.0Q1) 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 (D) 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) 23 @ 333 323 1.9 (2) 1.8 (2) 1.0 (D

Tyrosine

Phenylalanine 0.7 0.7 (1)

Histidine

Lysine 0.9 (1 1.0 D

Arginine 1.0Q1) 1.0 (1) 0.9 (1) 1.0 (1) 0.9 (1) 1.0 (1)

@ Results of 24-, 48-, 72-h corrected analyses.

® Cysteic acid results from the g8 elimination-sulfite addition reaction for determination of carbohydrate-substituted serines (25).
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Peptide
115 CHO CHO
BTh-4 I_’_lf-G_lr’l-A_a_P-Ser-S_e_r- Ser-Ser-Lys- Ala-Pro-P_r_g-Pro—S_er-Leu-Pro—S_eE-Pro(Ser,Arg, Leu,Pro,Gly,Pro,Ser,Asp,Thr,Pro)
123 CHO CHO
BAT(14 + 15) Ala-Pro-Pro-Pro-Ser-Leu-Pro-Ser-Pro-Ser-Arg- Leu-Pro-Gly-Pro(Ser, Asp, Thr, Pro, Ile,Leu, Pro, Gln)
134 CHO
AT15 Iﬂ-Pﬁm-(ﬂx-P_r(’)-&:-&p-Thr-Pro- lle(Leu Pro Gln)
142

ARV Die-Loy-Pro-Gin
Composite 115 120 CHO 125 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

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

data of 8Th-2 appears in Tables S.IIA and S.IIB. Similar but
less distinct sequence results were noted with 8Th-1. 8Th-1
appears to be 8 subunit which has been partially degraded
with thermolysin, but still contains the COOH-terminal frag-
ment. 8Th-2 consists of 8 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 8Th-3 and 8Th-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%. BTh-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,-termi-
nal structure. Peptide HV-1 was identified as the COOH-ter-
minal tetrapeptide (Residues 142 to 145) and its amino acid
analysis (Table S.III) 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
BTh-5 are detailed in Table S.III. 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 8.

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: 8Th-4; BT(14 + 15); BT(15), and
BHV-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, S.V, 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 8 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 BT(14 + 15) and BT(15) and thermolysin peptide
BTh-4. Amino acid analysis indicates that after a 4-h reaction
period, approximately 1.5 serine residues were converted to
cysteic acid in peptides fTh-4 and ST(14 + 15). In peptide
BT(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. 34 indicates the *S counts observed during each
step of the manual Edman procedure of peptide 8Th-4. Fig. 3B
illustrates the same data for peptide ST(14 + 15) and Fig. 3C
for peptide BT(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 8 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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Fic. 3. Identification of the location of carbohydrate groups at-
tached to serines in the COOH-terminal region of the hCG B mole-
cule. Radioactivity of [**S]eysteic 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 abscissa. A, peptide 8Th-4; carbohydrate
present at position 121 with a trace present at 120. B, peptide 8T(14
+ 15); carbohydrate attached to residues 127 and 132. C, peptide
BT(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 of B 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 [**Slsulfite also
contributed to variations in the labeling of the peptides.

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

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 (6-8), their structural comparison is of
considerable interest. hCG has a higher carbohydrate content
than hLH and the hCG g 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 10-fold increase in the
plasma half-life of hCG when compared with hLH (17, 18).

Several practical immunologic applications have centered
about the differences in primary structure between the g
subunits of hCG and hLH. Antisera raised against hCG g,
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 8 subunit, conju-
gated to tetanus toxoid, has begun to be studied as a method of
altering fertility (21, 22). However, when the entire hCG 8
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 g 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.

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
B 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-Pro
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.

Our earlier report employed peptides produced by trypsin
and thrombin cleavage of asialo RCM hCG g (13) while the
structural studies of Carlsen et al. (12) were performed by
digestion of asialo, S-carboxamidomethylated hCG g 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 8 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
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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.1 to S.3), 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.III 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 **S-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-1-sulfonyl)-monitored
Edman sequence degradation of the peptide designated, S8C-
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 8Th-21, T-1 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 8C-
19, T-2, containing residues 115 to 122, was purified but not
subjected to extensive sequence analysis. Had peptide STh-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 8 subunit COOH terminus em-
ploying a different type of enzymic cleavage and a different
method to identify serine substituted with carbohydrate. The

Human Choriogonadotropin B Subunit Structure

results agree completely with those described herein.
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Human Choriogonadotropin 8 Subunit Structure

SUPPLEMENT

TO: Isolation and Amino Acid Sequence of COOH-Terminsl Fragments
from the Beta Subunit of Human Choriogonadotropin*

Steven B{rken and Robert E. Canfield

INTRODUCTION

The preparation cheracterizacion and use of antlsers to the COOK-
terminal region s subunit aze presented In this supplemenc,
In addition: the res sc P oyme digastions of the nCO
“ubinit and’the quantltative Edman d.;rndnion results are provided in
this section.

EXPERIMENTAL PROCEDURE
Materials and Methods

Materials - Neuraminadase and trypsin were purchased from Worthing-
e

ton (FreensId, K. 3.3, while thermolyain (Prote nd chymocr:
were acquired from Chemical Co. (St. Louls, ) ephadex gels
were from Phlmncln r e Chealcaly (Piscataway, B.J). ALl chemicals

were either Fisher ex reagent g; except "Sequencer grade" re-
ggence wnich were Fpurchasca fron Bechman Insiruments or Pierie Cremical

fethods - Removsl of sislic acid by incubation with neuraminadase
uas perforned as descrided earlier (27). Pilor scale proteolycic diges-
tions of the asialo. M subunit wich trypein and chyuotrypein ver
perforned as foliows: Crypsin of chymotrypain were dissoilved c
Eracion of 3 mg/al in 00018 HCL.. Tneee ug of desialylated heG 5 were
dissolved in 300 ul of 0.1K awmonium bicarbomate. Ten sl of the
solution were added to the hormone solution

5 min. The digestion was carried out
zacion after 90 min. The products of trypsin digescion were ch
graphed an Sephadex G-100, superfine (1.2 x 95cm) in 0.08M smmonium ace-
tate. pH 5.9, while the chymotryptic digestion products were gel filtered
in G'75 Sephadex Superfine employing the same buffer. Fractions of

size were collected at a flow rate of 8 ml/hr.

Pilot scale digeations of both native and asfalo hCG 8 subunit pre-
parscions vere perforned wich chermolyein in 1t NaCl, 0. 05H Tels, 0. 014
CaCly, pH 7.5 (28). Thermolysin (3 mg/wl) was dissolved in th

buffer,  Three militgrams of hCG & or asialo hCG 8 were sinesteed to 300
v1 of buffer and 2 thermolynin solucion (6 units) were added e
aixture was incubared at 25 for 50 aln following which 25 11 of glacial
scetic ecid were added to stop the reaction and Ehe aixcure vas imned(-
ately gel fileered on Sephadex C-75 Superfine (1.2 x 95em) in 0.08H en-
monlum acetate, p 59 ap ouclined above

d on resulce of che pilot acale aigestion. ¢ preparative thermo-
Lysin digestion was carried out as follows: asialo, WCG s subunic (20
was dissolved in 26 wl of 0.1 NaCl, 0.0SM Tris, 0.0IM CaCly, pH 7.5 buf-
fer. Six milligrams (498U) of thermolysin were dissolved in'l ml of buf-
fer and added to the hCG 8 solution. The digeacion was carried out for
90 min at 25° end terminated by the addition of 200 ,1 of glacial acetic
ac The sclucion var lyephilized, rediesolved in © wi of 0.08H ammoni-
um acetace, pH 5.9 and applied to a Sephadex G-75 colum (190 x 2.Sem)

The column was eluted with the ammonium acetate buffer and 5 ml fractions
were collected ac a flow rate of 40 ml/hr

The tryptic peptidea AT(14+15) and 4715 were prepared as described
carlier (15) xon s preparation of reduced, carboxymerhyl heC § sabunit

arstion of Antisera - The two antisera used to detect the COOH-
eptide antigens In column effluent were produced by immunizing
Fabbits by the convencional toe ped
A conjugate of peptide $T(14715) to ovalbunin s prepered by the carbo-
dilmide tothnique. (20) with squal pasce by weeht of peptide and zarrier.
alts were removed by dialysia. The requltant product vas used as immu-
nogen. The {mmunogen s etulaified with Freund's couplete adjuvant at a
concentration of 1 mg/m: Ell:h of zwo rlbhl(l vll inj.cted with 0.4 m}
nl in sach toe Ead) e 10 dey tne
iona. titer (Ol! to 1:9000 iinnl rum
binding T ool 1o tne(gem) ‘For RI41 and 111500 Tor 147 within four

»

th Cloera were characterized for specificity by competitive
blading ys (30) employlng the following competitors: hCG 6. asialo
NCC 8, asialb, RCM WG 8. peptide ST(L4t15) and peptide sTh-4. 17
labelisdoasialo, RO NCC 6 was used as tracer. The tracer proteins we
{odinated by che chioramine T technique (1)~ Ancibody dilucions vo bind
30-50% of the added tracer were used in thes: Standard curves
were developed For each competitor and slopes were calculaced by a Wgns
5500 programable caiculator using the Rodbard linear-iogic systen of
ueighting (32)

Immuncassay of Column Effluents - Aliquots of every 3rd to Sth tube
were taken and fTTured In's pRosphate butfered saline solution (0.0L M
sodium phosphate, 0,15  NaC 1
4 aubjected co raito ay ust
teypeic peptide s’l‘(llnls) Antiserun RI4L was used ac a 1/9000
R14: ac 8 1/2500 final dilgeton in @ systen con-
£ 100 41 EDTA" w 1%), 100 .l 1251 RO bCC 8

1

belled-asialo

an .
incubated at 4° for 16-20 hr following which L ml of sheep anci-rabbit
156 anciaeran (diluced 1/15 in phospnate buffered saline) was added Lo

ch tube, except al count tul vortexed, incubated at 4® for 4-6 hr,
Standard curv
RCH 8 competitor snd standerd
and “unknown citors Were calcutated on a Wang 2200 progras-
bl caleulator dencs rond sbow

dec.
11

Antiserun Chatactesisation - Ancisers produced o the conjugaced
trypelc pepelde T{I4+15) falls into two basic groups: (1) Thase that
crossreact with both native and asialo. RCM hCG @

that react mainly vich che latter molecule (40,41},
aonitor tion of 6 subunit in this study
Forl Tace et Therer Category Lo cthey Teact ehiefly with asialo, REMA:
The ancisers do crossreact slightly with native 8 buc che predominant
antibody specien bl ¢ to che unfolded molecule Figure $.5 shows

cy of severa to antisera RLLL and R162
hon BT S e aatals, Ren nee s wao weed

pepcide §T(L4+15), which Gas par coupled tamnogen Ls the best
Compecitor along Lith the anlubelled Fracer (toell, i

CTa eThek and elals, mative s vers the aext pors effestive competicors
It appears chat sialic acid plays & crucial role in the ancibody binding
plee'of thee anclsers. = Native » or RO ¢ wich sislic acld incace are
both very poor compecitors by two or three orders of megnit

However, specificity of these antisera to react with fra ents of

Co0H corninal reglon of HCG s made then very uaeful for [ocacing cheae
peptides during purificarion.

iigh Voltage Paper Electrophoresta - Susll peptices were purifiedby
high voltage Gsing Gilson with a 0.05M,
A L pyedainesoriite. butter (0D A center strip stained with
Tinhydein ap a goide for cuteing ovt pn-n.x sreas containing unatatned
pept tides were elu of Reeve-Angel “spi
B abies’ and's sequence of seid- i 9% acetic scld (10);
5% NHLOH (Zx); Hp0 (2%)

Amino Acld Analysis - Amino acid snalyses of proteins and peptides
wore betforned 3 ¥orkaan model 121 automacic anino acid malyzer by &
single column method (13).

Amino Acid Sequence Determination

Automatic Edman Degradation - Automated Edman degradstion was per-
forned {n an Tupdated” Becknwn 8903 sequencer uelng Becknan progran Mo
60275, uhich 1s a eingle couplin 1on

PTH-amino acid duec: sdencifi
..ru.x (13). Quanticacion of
ion of ne mathods of satohle
The organic phate concaining the PTH anino ac
parts lmuediately after dissolving in EcClp.
Toentifies by thin layer (36) and gas an,
and the other half was mixed with « norleucine internal standard in s hy-

3y
cments

s

c1ds v
(3 ) nnd of Inglis (35) ows

San divided tneo oyl
One-half of the sample was

the phenanthrenequinone fluorescen test (38). This PTH-amino

acid fraction vas then bydrolyred iOhR] (hakey 47-51%) under vacuus

st 140 For 24 br, and the KT vas chen © d by vacuum in a dessic
et Rach” The saimo a6ld comtent. o the residve waa analyzad in a Beck-

oan model 121 amino acid analyser by use of & "rapid" single colum pro-
gram (Beckman No. 96972).

Nnmnl Edman belrldacion - Manual Edsan degradation was performed as
d by Morgan using diethyl-ether for thiazolinone ex-
ety Pep:un iess than five azino ac Le
quenced by elininacion of the benzene and echyl acetate uaan The pe
dlden wers coupled in the DHAA (0. M) - pyridinejwater buffer. the PLTC
and buffer removed by evaporation under high vacuun (20 microns for I he
ac ollowed by cleavage .nd subsequent extraction with diethyl-ether.
The last amino acid of these peptides was idencifled directly by coupling
evaporation, and Lmadiate conversion
vhich A then ddencified by the sethod Tnis procedure
ally useful for peptide BV-1 in order to conf{rm ics COOH-t
winal GLutamine by Thin layar chromacography.

Alkaline s-Elimtnecion - The following Ls an adeptacion of a method
described by Simpson et al. (25) ro convery serine residues chat are sub-
stituted with carbohydrate side chains to 335-labelled cysceic acid
Sodium [338) sulfite was obtained from Naw England Nuclear (NE X- 030) And
wat dissolved in H20 a aCi/ml. 500
nanomoles of each pep(ld. wvere lyophilized, redissolved in a -oxuuon o
siating of 100 ul of sodtum (I5§] sulfite (1 0Ci) in Hy0 and 100 4

01X HaOH, .14 Na2503 (cold). pK 12.8. The final pH after aixing vas
approximatel 5 Lo pepiide soiution uas incubated o hr at 5+

The reaction vas stopped by the addition of 10 vl of glactal a -nc acid

and 5% of the volume vas temoved for amino ncid . alysts to beasyre the

excent of
lized and

oid volume
Sephadex G-50 fine (0.7 x L
dried, and subjected to manual Edman degradacion.

serine converaion
then filcered through Sepha

e, pH 5.9, The pi
was lyophilized.

rotein- containi
This material wa
cm) tn 0.1

to cysteic acid Tainder wi
g1 s (o 7 x 18ca) in 008K ammo-
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The fractions containing the major ununorucn-

vity were pooled, lyop ilized, and subjected to amino acid ana
Tesaleanc analyeis indicated the groduc( Contained residues 1150141,
shown In parenthesis: @) The = 1O, Ser (]
1.4(ly: Pro-ﬂ}(ﬂ),lﬂy-lﬂ() { P
1.5(1), Lya = 1.0€1); Arg = 0.8( ual Baman depradaiion of this
peptide confirmed the NH;- Cemainal Phe-gin -Asp vequence

BETA SUBUNIT
7 10
JJLEV - ARG - PRO - ARG - CYS - ARG - #RO - ILE -
cHo 20
ASN - ALA - THR = LEU - ALA - VAL - GLU - LYS - 6LU - 6LY - CYS ~ PRO -

VAL - €¥S - ILE - THR - VAL - ASK - THR - ThR = ILE - CY3 = ALA - GLY -

S GHRI

TYR - CYS - PRO - THR

o
11 ALA © LEU - PRO - GLN - VAL - VAL - CYS - ASN - TYR - ARG -
70
ASP - VAL - ARG - PME - GLU - SER - [LE - ARG - LEU - PRO - GLY - CYS -
80

PRO = ARG ~ GLY ~ VAL - ASN - PRO - VAL - VAL - SER - TYR - ALA - VAL -

90
ALA - LEU - SER - CYS$ - GLN - CYS = ALA - LEU - CYS - ARG - ARG - SER -

FIGURE S.4 - Probable sites of cleavage of o hCG §: The site

e themolyain under che conditions deccribed in the Mechode sec-
tion are shown . ed areas denote porcions removed
Carbohydrate substitured serine residues are shovn in bowes. The siter
of cleavage by thermolysin were deduced by the NHy-terminal sequences
resenc in the mixture 8 Th-2 (see Tables S.IIA, S.11B) and by the iso-
ation of several smsll peptides: RV-1: 142-1450 RV-2; 64-47; HV-3: 45-
S e R e e Gk Tabie 1110

502
tl BRI
2o —~ e
5 . @
a2 N S
z o 107 00 10 107 00 07
s PICOMOLES OF COMPETITOR
14 T(14+15) €123-1451  42ASIALO, hCG B
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3=/3Th-4 CI15-1411 6=hcep
3o
@y | Sl
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% ~y % \@
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FIGURE S.5 - Characterization of antisera produced to a conjugated im-

wu—no_ften o nr(uﬂs) to ovalbuai T used is 1251 1abelled-
CH hCG 8. ot icore are detatled on the figure, The ord(-
Aaca 54 4 Joglt ploc of percentage of cracer represents

The dose’ 1n Bicomoles of cach comperitor added to e ! el
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TABLE S.1

Anino Acid Analyses of 6Th-1 and gTh-28

Human Choriogonadotropin 8 Subunit Structure

TABLE S.ITA

Resulta of Quantitative Edman Degradation of Peptides Present in 6Th-2
(Y1eld in Nanomoles)

TABLE §.11B

Summary of Probable NH2-Terminal Sequences Present {n 8The2%

Antno Acid 8Th-1b $Th-2° Edman cyele number @@@@@ @@ .@.@@
Step
Aspartic Actd 11.6¢11) 9.0(9) No. Asp Thra Serb Cly Pro Gly Alac val Tle Leu Tyr Phe His Lys Arg R s, b it 12
3 5-Cy
:’hx:emine lg.:ﬁ:; ;:E:i 1 7 a4 5 12 7237 %2 - 175 - - - - 6 7 1112 13 1le L
erine . . R I YTy - - o S
Clutamtc Actd 10.409) 5.5(7) 13 Z ; . 9; 292 f 97 o= > o2 e B uu-ug Pro-ng Cyl-kg -Pro-Ile-Asn-Ala-Thr-Leu
Froline 16.5¢22) 10.403) 4 12 - - 102 143 5 88 s [l 6 - - -5 48 49 50 51 52 53 56 55 S6 S7 58 59
Glycine 7.148) 5.9(7) s M . e el 7 3 s0 138 - - P c Val-Leu-Pro-Ala-Leu-Pro-Gln-Val-Val-Cys-Asn-Tyr
Alanine 7.0¢8) 7.0n = vy
3 T - - 23 8 9 5 80 3 - - - o8 552 53 sa
= = 55 56 57 58 59 60 61 62
Cysteine 8.3a2 10-002) 7 7 - - & 13 8 6 & - 16 - - BT ) Ala-Len 1-Val-Cy ‘yr-Arg-Asp-Val
Valine z,tsz(u) 9.3(:2) s u - B 2% es ; s e o3 o . R It
Hethionine 2 0-3¢1) 9 2 - - 8 36 8 6 62 22 6 25 - - 17 *This table shows the probable NHy-terminal sequence content of the
Isoleucine 3.7(5) (RO w7 - B 5 27 7w w2 s 15 - . Y §Thc2 "core: cragnent me deduced from the cat cabulated in Teble
Leucine 10.6(12) 9.6(9) = = 5.1IA and the known sequence o hCG § subun: sepeas
nooe on - 74 10 4 3 20 7w - - - to be a heterogeneous grovp of chains held tngether hy enstiae
Tyrosine 2.45(3) 2.6(3) 12 w20 . . 8 2 S 1 27 - - - a1 gzx;d; Several peptides Iuv=  been axcise  the aid-region (41-
. O(L = = = ¥ thermolysin Che sbove fout sequences was
Fheoylalanine 1.7 1.0 detuced by exaninaiion of the gusacicacive ylelde from Ednan degra-
Histidine 2.75(1) 1.0¢L) 3as a-amino butyric acid. dation (Table S.IIA) and the isolation of some of the peptid
Lysine 5.3204) 2.5(3) b i cleaved from within this “core" fragment of hCG §. Sequence A is
Appesrs s alanine. the scructure of the Niy-terulnus of the intact beca subunic. Se-
Arglnine 8.02(12) 10.1(11) ©Ala represents both alantme and serine. quence B (s evidenc frowm of Table 5. L. he grginine
a han 5 . At Btep 4, che (soleusine &t oicp 5. and thronine st step 11K
aThe significant differencgs between these two Less than 5 nanonoles peptide conaisting of vas present in 8T Sequnee
-u in serine ani pmlina content. #Underlined numbers represents amino terminal sminc acid expected from the NH;-:terminala present C waa substantiated by isolation of chtidg HV-2 (see Fig.
These suggest that the H-terminal re- ccording to the scheme ouclined in Table S.IIB. Table S, and by the pre of ine at l(tp 1 and lllllllle
glon, has been leaved Exom 8Th-2 and mof from 4t step 4. Sequence D fa supported by the of peptide
¢ Table S.1I1) and by the Elndint of glutamic
hupnuc acid taken as 11.0 residues. Numbers d SESertl Sidpartie acid at seep B, ond tyvastue af viep'S.
1n paenthesss sre bused on structure of in-
ract & subuni
Chspartic acid caken as 9.0 residuss. Numbers
in pacenthi are u.muu in 1-114.
anino acilds are lover rediceed, due to
partial or complate Toss or peptiden 1% and
TABLE §.TII TABLE §.1V

Amino Acid Analyses of Swall Peprides®

Acid  wv-1>  wv-2® Hy-3°  Rv-4 Hv-s® wv-6
Asp - 0.1 a.1 - 0.5 -
Thr ~ - - - 0.9(1) 0.4
Ser - 0.1 - 0.2 -
Glu 1.0¢1) 1.0(1) 0.7¢(1) - 0.2 -
Pro 1.0(1) - 0.3 1.1 0.2 -
Gly 1.141) 0.7(1) - - -
Ala - - - - -
Cys - - - - - -
val - 1.0(1) 0.2 1.141) 0.9(1) -
Met - - - 1.0 1.0(1)
Ue 0.5 0.1 -

Leu Lo 1000 1.0(1) 1.2(1) - -
Tyx - - - - -
Phe - - - - - -
His - - - - -
Lys - - - - 0.3 -
Arg - - - - 1.0 0.2
REC 0.35 0.41 0.44 0.47 0.76 0.81

*Given as relative number of ratios.
uncorrected 24 hr hydrolyses.
shown,

bThese peptidea were
identified as follow:

Less tl

Aning sctd analyses are
han 0.1 residues are not

bjected to manual Edman degradation and

Ile-Ley-Pro-Gln: residues 162-145
Vll-IAu-Gln-G_lx residuen 44-47
Ya)-Ley-Gly:

Ley-Gln-Gly  : residues 45-47
Vll (Leu, Pro) : residues 47-50
Mel-Thr-X-Val : residues 4l-46

HY-6. (Assumed co be mostly free Met)

CRf is relarive to arginine migratlon.

TABLE S,V

Quantitarive Bdman Degradarion of 540 Nanomoles of 5Th-4®
(Nanomoles of amino acids recovered after hydrolysis of PTH-amino acids)

Step| (15B] 118 | 117 | axe | 118 | 120 | L3 | tez | 123 ] ize] izs| 1ze|iad | 128 ] zs] 130 |1a1
No.{Phe | Gln | Asp | Ser { Ser | Ser | Ser | Lys | Ala | Pro | Pro { Pro | Ser | Leu | Pro| ser| Pro
1 6
2 (ST
3 13 [ ed
l 4 10 34
s 5
g s @
47 @
CE @9 in
K 67
o | 18 |7
n 10
12 7 Q59
13 16 @
14 13 [D)

DResidue number in sequence of hCG 8.

Quantitative Edman Degradarion of 500 Nanowoles of 8T (14+15)
(Nanomoles of amino acids recovered after hydrolysis of PTH-amino scids)

Step | 123 ] 126 | 125 | 126 [ cRo | 128 [ 125 ] 130 [ 191 Jcuo | 131 | 13w | 135 ] 138 | 187
No. |Ala | Pro | Pro | Pro |Ser |teu | Pro | ser |Pro | Ser |Arg | Leu | Pro | Gly | Pro
1
2 [D)

3 (2]
o L5

3 B

i 3]

& 13 | Ge8

3le al Gy

1K) 7 @89
10 25
11 *

1 @@
13 18 Q@
16 EREAND)

*Deternined by phenanthrenequinone paper spot test (38).
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