
A new reference preparation of human chorionic
gonadotrophin and its subunits
R. E. CANFIELD 1 & G. T. ROSS 2

The WHO Expert Committee on Biological Standardization has established CR119
HCG, CR119 HCGa, and CR119 HCG/3 as reference preparations for the immunoassay
of human chorionic gonadotrophin (HCG) and its subunits. CR119 HCG has interstitial
cell stimulating activities of 13 450 lU/mg (bioassay, Second International Standard for
HCG) and proportional thyroid stimulating and follicle stimulating activities when
tested in vivo.

In the subunit preparations, the potencies of these activities are uniformly less than
0.02 relative to the undissociated hormone, and approximately 75 % of the activity of
each is recovered after recombination. The chemical, physical, and antigenic properties of
each preparation are consistent with those reported for preparations of equivalent purity.

For the past four years the Center for Population
Research and the Reproduction Research Branch of
the National Institute of Child Health and Human
Development have supported a programme to pro-
vide highly purified human chorionic gonadotrophin
(HCG) and HCG a and ,B subunits for research
studies. The production schedule of this programme
was increased at the time when crude material was
purchased for the purification of batch CR119, so
that a portion of each final product could be offered
to the World Health Organization as reference prep-
arations for immunoassays and other in vitro assays.
This report contains information about that batch of
purified HCG and its subunits with a summary of
the methods of purification and characterization,
annexes containing pertinent data, and literature
references.

APPLICATIONS

It is reasonable to question why reference prepara-
tions for subunits of glycoprotein hormones, espe-
cially HCG, should be distributed. Justification can
best be provided by considering examples of estab-
lished and prospective uses of HCG subunits, as well
as antisera that can be produced from these.
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2 Reproduction Research Branch, National Institute of
Child Health and Human Development, Bethesda, MD,
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For use in clinical practice and research (in iliinuno-
assays or variations thereof)
(a) in early diagnosis of pregnancy for fertility

control;
(b) in the differential diagnosis of abdominopelvic

pain in women during their reproductive years;
(c) in diagnosing and monitoring treatment re-

sponse of trophoblastic neoplasms, which occur with
frequencies varying from 1/300 to 1/3000 live births;
and

(d) in diagnosing, studying the natural history of,
and monitoring the therapeutic response of nontro-
phoblastic tumours that secrete either biologically
inactive HCG subunits or biologically active hor-
mone.

For use in nonclinical research
(a) to provide a basis for comparing preparations

of hormone or subunits employed in chemical stud-
ies such as those to resolve residual discrepancies
concerning primary structure;

(b) in studying structure-function relationships of
HCG and its receptors in vivo and in vitro; and

(c) in comparing properties, including relative
potencies, of natural and synthetic fragments of the
hormone.

For each of these applications, it will be necessary
to prepare successive lots of glycoprotein hormone
and subunits, and a continuous supply of a reference
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preparation will facilitate comparisons of these.
CR119 HCG and a and ,B subunits prepared from
the purified native hormone merit consideration for
distribution as reference preparations for these pur-
poses.

METHODS OF BIOLOGICAL CHARACTERIZATION

Biological activities

When given to appropriate test animals in proper
dosages, HCG has at least three biological activities.
These are similar to those of luteinizing hormone
(LH) or, as it is sometimes called, interstitial cell
stimulating hormone (ICSH), of thyroid stimulating
hormone (TSH), and of follicle stimulating hormone
(FSH)-all secreted by the human anterior pituitary
gland. Among these biological activities the inter-
stitital cell stimulating activity (ICSA) is the basis of
the most frequently used biological assays for HCG
in serum and urine. This activity is usually expressed
in IU relative to the Second International Standard
for Chorionic Gonadotrophin, Human, for Bioassay
(Second International Standard for HCG), distribu-
ted by WHO.

Biological assays

In monitoring the changes in biological specific
ICSA and recovery during the purification of native
hormone and of purified and recombined subunits,
we used an assay based on increments in the ventral
prostate weights of hypophysectomized immature
rats to which graded doses of the hormone had been
given. Details of the assay methods, including sta-
tistical analyses, are described in Annex 1.
For determinations of thyroid stimulating activity

(TSA) in native hormone and subunits prior to and
following recombination, similar assay designs were
employed, with a graded dose-response modifica-
tion of the MacKenzie mouse assay for TSH. Doses
of the reference preparation ranged from 750 to 3000
IU (International Units of the WHO Second Inter-
national Standard for HCG). In calculating the
relative potencies of TSA, a potency of unity was
arbitrarily assigned to the reference preparation of
HCG.
For measurements of follicle stimulating activity

(FSA) in the same preparations, we have devised an
assay based on ovarian weight increments, in re-
sponse to 400, 800, and 1600 IU of our working
reference preparation relative to the Second Inter-
national Standard for HCG, in hypophysectomized

immature female rats into which Silastic capsules
filled with diethylstilbestrol were implanted sub-
cutaneously on the day of operation. FSA was
expressed in IU relative to the Second International
Reference Preparation of Human Menopausal
Gonadotrophins (IRP2HMG). As for the other
assays, the design was 3 x 3 with 5 animals at each
dose of the reference preparation and unknown.

METHODS OF IMMUNOLOGICAL CHARACTERIZATION

For comparisons of antigenic properties, including
immunoreactivity, we relied on homologous assays
for a and f subunits, using 1251-labelled HCG a or
,B subunits, anti-HCG a and 8 sera, and unlabelled
CR115 a and f, and HCG as provisional reference
preparations. Details of the methods used for per-
forming these assays are described in Annex 2.

METHODS OF PURIFICATION

The standard methods for the purification of HCG
and its subunits that we employed have been de-
scribed in several publications (1-4). These methods
were followed in the purification of batch CR119
HCG and CR119 a and ,B subunits. The initial
material used for this preparation was obtained from
NV Organon, Oss, Netherlands, as batch 91930 with
an estimated biological potency of 3900 IU per mg
(bioassay, Second International Standard for HCG).

Since the final purification step is especially impor-
tant in the preparation of highly purified HCG
subunits, we have illustrated the gel filtration pat-
terns for this last step for CR119 a and f subunits
in Fig. 1. The column (190 x 4 cm) was equilibrated
with 10 g/litre ammonium carbonate and the frac-
tion size was 13 ml. The a subunit column was
loaded with 1.0 g of material dissolved in 50 ml and
the f subunit column was loaded with 1.5 g of
material dissolved in 50 ml. The fractions were
pooled as shown by the blocks under each peak.
The final products are listed below, along with

estimates of ICSA and FSA specific activities and
95% confidence intervals (in parentheses). Based
on smaller numbers of assays (4) for ICSA, other
potency estimates have been reported for these prepa-
rations, but all were within the confidence limits
listed. Since there is no official reference prepa-
ration for TSA in HCG, we determined potencies
relative to a local provisional reference prepa-
ration, CR115 HCG.
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Preparation ICSA a

CR119 HCG 13 450 IU/mg
(9560-16 624)

CR119 HCG a

subunit
CR119 HCG f8

14.5 IU/mg
(10.2-21.7)
5.2 IU/mg

(3-7)
a Relative to the Second International Stand
b Relative to the Second International Refer

Human Menopausal Gonadotrophin.

Radioimmunoassays of CR119 H(

FSA b

19 5 TTT/mni
Amino acid analysis

(i3 827>...e Duplicate 24-h, 48-h, and 72-h hydrolyses of
(13.8-27) samples of HCG and the subunit preparations are

< 0.2 IU/mg routinely performed in 6 mol/litre hydrochloric acid

at 110°C. In addition, amino acid analyses are
< 0.2 IU/mg performed with hydrolysis in 4 mol/litre methane-

sulfonic acid to obtain estimates of tryptophane and
lard for HCG. amino sugars. Norleucine is routinely added as an

ence Preparation of internal standard so that estimates of recovery can

be made. The results of analyses of CR119 prep-
arations are given in Table 1. These data agree well
with the proposal for the amino acid sequence of

-G and CR119 the subunits (8).

a ana p suounits snowea tnat tnese preparations are
antigenically indistinguishable from the laboratory
provisional reference preparations CR115 HCG and
CR115 a and d subunits. Furthermore, we detected
no significant contamination of CR119 HCG with
subunits, or of the CR119 a and fi3 subunits with
native hormone.

Table 1. Amino acid analyses of CR119 HCG and
its subunits a

Amino acid CR-119 CR-119 a CR-119 ig

Asp 17.2 (17) 5.9 (6) 11.3 (11)

Thr 17.8 (18) 8.3 (8) 10.4 (10)

METHODS OF CHEMICAL CHARACTERIZATION

OF CR1 19 HCG AND CR1 19 a AND ,B SUBUNITS

Gel electrophoresis

HCG dissociates into its subunits with the ana-

lytical sodium dodecyl sulfate (SDS) gel electro-
phoresis technique. Since the molecular weight of
the a subunit is significantly lower than that of
the ,B subunit, they separate on these gels (7.5%
cross-linked), and it is possible by this method
to make a gross estimate of the degree of con-

tamination of one subunit with the other. SDS
gel electrophoresis patterns for the reference prepa-
rations, CR1 19 HCG P3, CR119 HCG a, and CR119
HCG are illustrated at the lower left of Fig. 1. The
heterogeneity of the electrical charge is apparent
from the width of the stained bands, but each
subunit preparation appears to be free from contam-
ination with the other subunit. The purified HCG, as

was to be expected, dissociated into a and , subunits
and there was no evidence of any contaminating
material. The lower right panel in Fig. 1 illustrates
the SDS gel electrophoresis patterns for the CR119
HCG pools shown in the elution diagram at the
upper right. There is evidence of contamination with
a subunit in the f4 pool, and a trace of a subunit in
the fl1 pool probably arose from a small amount of
contaminating HCG. These findings have been
noted before and are discussed elsewhere (4). There
was no evidence of contamination of the Ps pool.

Ser

Glu

20.3 (21) 7.8 (8 13.4 (13)

18.3 (18) 9.2 (9) 9.2 (9)

Pro 28.2 (29) 6.8 (7) 21.8 (22)

Gly 11.9 (12) 3.9 (4) 7.8 (8)

Ala

Cys

Val

Met

lle

Leu

Tyr

Phe

His

Lys

Arg

12.4 (13)

(22)

19.6 (20)

4.3 (4)

5.9 (6)

16.5 (16)

6.9 (7)

5.7 (6)

3.7 (4)

9.8 (10)

15.4 (15)

4.5 (5)

(1 0)

7.0 (7)

2.9 (3)

1.0 (1)

4.1 (4)

4.1 (4)

4.1 (4)

2.8 (3)

5.9 (6)

3.0 (3)

7.8 (8)

(12)

12.6 (12)

1.2 (2)

4.6 (5)

12.3 (12)

2.9 (3)

1.7 (2)

1.0 (1)

4.0 (4)

12.4 (12)

Sialic acid b 10.6 % 6.5 % 12.3 %

Extinction
coefficient c 1.43 xj 04M-1 0.65 x1 04M-1 0.52 xJ 04M-'

cm' cm-, cm-'

aCompilation of data from amino acid analyses of duplicate
24-h, 48-h, and 72-h hydrolyses expressed as number of residues
of each amino acid. Serine and threonine were extrapolated to 0 h.
Tryptophan was absent. Cystine values were obtained by analyses
of other preparations following performic acid oxidation. The values
in parentheses are those obtained from a determination of the amino
acid sequence (8).

b Determined by thiobarbituric acid method and expressed as
percentage of weight.

c Molar extinction coefficients in distilled water at 280 nm.
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Fig. 1. Final purification step for subunits and gel electrophoresis patterns of reference preparations.
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NH2-terminal amino acid determinations
Both HCG CR119 a and HCG CR119 #3 prepara-

tions have been subjected to the manual Edman
degradation procedure. The a subunit is known to be
heterogeneous in the NH2-terminal region (5) while
the ,B subunit appears to be homogeneous. The results
of these studies for the CR119 subunit preparations
are in agreement with previous reports and details are
given in Fig. 2 (Annex 3). Proposals have been made
for the primary structures of both subunits (6-8).

Amino sugars and sialic acid content
The results of analysis of CR119 HCG and its

subunits for sialic acid content are given in Table 1.

Recombination of subunits
One of the criteria that we have used in establish-

ing the quality of glycoprotein hormone subunit
preparations has been the demonstration that most
of the biological activity present in the original
native hormone preparations can be recovered fol-
lowing recombination of the subunits in equimolar
quantities.
HCG subunits dissolved in 0.02 mol/litre tris-HCl,

0.15 mol/litre sodium chloride, at pH 7.4, were
recombined in a ratio of 3.5: 5.5 for a and ,B sub-
units, respectively, for 6 h at 37°C. At the end of
the incubation, carrier bovine serum albumin was
added, and bioassays for ICSA, FSA, and TSA were
conducted. As shown in Table 2, isolated subunits
were essentially inactive. However, 75-80% of the
ICSA, FSA, and TSA activities were recovered after

Table 2. Relative potencies of CR119 HCG and of
CR119 a and P subunits before and after recombination

Activity
Preparation

ICSA FSA TSA

CR119 HCG la 1 b 1.0

CR119 a subunit 0.0011 <0.001 c <0.02d

CR1 19 6 subunit 0.004 <0.001 c <0.02d

a-is recombinant 0.75 0.76 0.96

a Specific activity 13 450 lU/mg (95 % confidence limits:
9560-16 624) (bioassay, Second International Standard for
HCG).

b Specific activity 19.5 lU/mg (95 % confidence limits: 13.8-27)
(bioassay, IRP2HMG).

c Exclusion assay with no biological activity detected at a
maximum dose of 0.8 mg per test animal.

d Exclusion assay with no biological activity detected at a
maximum dose of 1 mg per test animal.

recombination. Within the limits of error of the
assays, the relative proportions of the three activities
in the recombinants were indistinguishable from
those of native hormone.

Heat stability of the hormones

In the course of initiating heat stability experi-
ments, we have noted that these preparations in
powder form lose weight significantly when heated
to 100°C at a vacuum of 50 ,umHg. The estimated
loss is 9% for HCG, 7% for the a subunits, and 13 %
for the f subunits. Naturally the quantity of bound
water will vary with the ambient conditions in which
powders are equilibrated, and decisions concerning
the conditions for packaging should take these
observations into account.

Assignment of units
Following whatever additional characterization is

desired prior to assignation of a biological specific
activity to CR119 HCG (relative to the Second
International Standard for HCG) we propose that
quantities not to exceed 50 ,tg of CR119 HCG and
25 ,ag of each of its subunits be placed in vials for
distribution. These quantities should be sufficient for
a minimum of 10 radioimmunoassays with replicates
at multiple dose points, permitting an investigator to
establish the relative potency of a suitable reference
preparation for routine use.
Any unit chosen for expressing activities of the

subunits will necessarily be arbitrary. We have con-
sistently expressed potencies in terms of mass and
would recommend that one unit be defined as equi-
valent to 1 ,ug of CR119 a and ,B HCG subunits.

Establishment of the standard
A total of 550 mg of CR119 HCG and 280 mg of

each of the subunits (allowing for an estimated 10%
of bound water) were offered to the World Health
Organization and the Expert Committee on Biologi-
cal Standardization (11) established the preparation
of human chorionic gonadotrophin as the Interna-
tional Reference Preparation of Human Chorionic
Gonadotrophin (HCG), for Immunoassay, and asked
the National Institute for Biological Standards and
Control, London, to define the international unit for
immunoassay on the basis of bioassay comparison
with the existing International Standard for Human
Chorionic Gonadotrophin, for Bioassay. The Com-
mittee asked the National Institute for Biological
Standards and Control to process and ampoule the
a and f subunits. It asked that institute to establish
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the preparations as international reference prepara-
tions and to define the international unit in each case
as the activity in one microgram of the pure subunit
preparation.

Since these international reference preparations
were established by the WHO Expert Committee,
they have become available for distribution in
ampoules.
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Annex I

BIOLOGICAL ASSAYS FOR INTERSTITIAL CELL STIMULATING ACTIVITY (ICSA),
FOLLICLE STIMULATING ACTIVITY (FSA), AND THYROID STIMULATING ACTIVITY (TSA)

IN HUMAN CHORIONIC GONADOTROPHIN

ICSA

For the measurement of ICSA in preparations of HCG
and its subunits, we used a method based on ventral
prostate weight responses to graded doses of the reference
and test preparations given to immature male rats
hypophysectomized on day 21 and used for assay begin-
ning on day 23. In every assay 3 serial 3-fold dilutions
were prepared, containing 0.4, 1.2, and 3.6 IU of a
suitable reference preparation the potency of which had
been determined relative to the Second International
Standard for HCG. Similar dilutions were made for each
test preparation. The reference and test preparations were
injected subcutaneously twice daily for 4 days into groups
of 5 animals for each dilution of each preparation. On the
fifth day the assay animals were sacrificed and their
ventral prostates were removed and weighed. After statis-
tical analysis of the dose-response data, the relative
potency and the 950% confidence limits of the estimate
were calculated. Assays were performed two or more
times for each test preparation and the relative potencies
reported in Table 2 are based on the combined results of
at least two satisfactory assays.

FSA

A 10-mm Silastic capsule (outside diameter 3.2 mm and
inside diameter 1.6 mm) filled with diethylstilbestrol was
inserted into the operative incision at the time of para-
pharyngeal hypophysectomy of 21-day-old immature
female rats. Two days later, 5 animals received the first of
8 subcutaneous injections given twice daily for 4 days.
Total doses consisted of 400, 800, or 1600 IU (relative to
the Second International Standard for HCG) of a test
preparation dissolved in 4 ml of 0.15 mol/litre sodium

chloride containing 10 g/litre of bovine serum albumin.
The Second International Reference Preparation of
Human Menopausal Gonadotrophin (IRP2HMG) was
found to be suitable for assays to determine the potency
of FSA in HCG. Animals were sacrificed by carbon
dioxide asphyxiation 12-18 h after the last injection and
their ovaries were removed, trimmed, and weighed. A
straight line resulted when the mean ovarian weights for
5 animals at each of 3 doses of the reference preparation
or unknown were plotted against log dose of HCG over
the range 400-1600 IU relative to the Second Inter-
national Standard for HCG or 1-4 IU of FSA relative
to IRP2HMG.

TSA

Swiss-Webster albino female mice, obtained from the
National Institutes of Health colony at 4-6 weeks of age,
were used in all assays. After 2 weeks on a diet low in
iodine, animals were given carrier-free Na125I dissolved in
drinking-water so that each animal ingested from
5.55 x 105 Bq to 7.4 x 105 Bq (15-20 MCi) over a period of
7 days. Each animal was then given 10 Ag of L-thyroxine
by subcutaneous injection, followed 2 days later by an
identical injection to suppress endogenous TSH secre-
tion. Two days after the second injection (4 days after
stopping the administration of Na125I), 100 ml of blood
were removed from an orbital sinus immediately prior to
intraperitoneal injection of 0.5 ml of the suitably diluted
reference or test preparations. Groups of 5 animals were
allocated to each of 3 doses of the reference and test
solutions. Nine hours after injection of the reference or
test preparations, a second 100-Ml sample of orbital sinus
blood was obtained from each animal. Response was
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measured as the percentage increase over the control in
whole blood 1251I counts in the 9-h sample. Mean response
was a rectilinear function of the log dose of HCG at log 2
intervals over a 4-fold range of doses varying from 750 to
3000 IU of HCG (9).

In statistical analyses of all biological assay results,
tests for the homogeneity of variance and linear regres-

sion analysis were performed. After the slopes of the
reference preparation and the unknown had been shown
not to be significantly different, and Finney's " g" had
been calculated, a point estimate of the potency ratio and
its 95% confidence limits were calculated. All these
calculations were performed by computers programmed
for the methods of Brownlee (12) and Finney (13).

Annex 2

METHODS OF IMMUNOLOGICAL ASSAY

Specific antisera harvested 6-8 weeks following pri-
mary immunization of rabbits with 20-50 sg of prepara-
tions designated as CR100 a and P subunits were used to
determine the antigenic potencies of other subunit prepa-
rations relative to the provisional laboratory reference
preparations CR115 HCG, CR115 a, and CR115 P. The
assays were based on dilutions of antisera that bound
20-30% of trace quantities of 1251 HCG or 1251 a or
,B subunits when no labelled antigen had been added to
the incubation mixture. All reactants were diluted in a
buffer containing 2.5 ml of normal rabbit serum per litre

of water. An initial incubation at 370 for 2 h, followed by
a further period of 16 h at 4°C was followed by a second
incubation period of 16-25 h at 4°C after the addition of
anti-rabbit immunoglobulin serum. Centrifugation was
used to separate precipitated (antibody-bound) from
supernatant (free) 1251 HCG a or ,B subunits. After aspira-
tion of the supernatant solution, the radioactivity of the
precipitate was measured in an automatic gammaspectro-
meter (10). These assay data were analysed statistically
and the relative potencies were calculated by means of
the computer-based methods described by Rodbard (14).

Annex 3

METHODS OF NH2 TERMINAL STRUCTURAL ANALYSIS

The results of the Edman degradation analysis of the
subunits are shown in Fig. 2. Standard solvent systems H,
D, and E were used (as well as gas chromatography of
step 1 from the a subunit).

In interpreting these data, it may be helpful to refer to
our earlier results concerning the heterogeneity at the
NH2-terminus of the a subunit. The following illustration
of variants is taken from the paper by Canfield et al. (5).

Percentage distribution of NH2-terminal amino
acid sequences in a subunits ofHCG

60% NH2-Ala-Pro-Asp-Val-Gln-Asp-Cys-Pro-
10% NH2-Asp-Val-Gln-Asp-Cys-Pro-
30% NH2-Val-GIn-Asp-Cys-Pro-

Fig. 2A illustrates the results from the a subunit, with
the following interpretations:

Step 1: Weak Asp, strong Ala and Val; gas chromato-
graph results indicate Ala: Val ratio of 2: 1 (consistent
with the above).

Step 2: Strong Pro, weak Gln (consistent with the
above).

Step 3: Strong Asp (both sequences are Asp at this step
as noted above).

Step 4: Strong Val, weak Asp from the 10% variant,
and overlap of Step 3.

Step 5: Strong Gln.
At these stages of the Edman

degradation only the major sequence
is visible.

Step 6: Strong Asp.

Fig. 2B shows the results for the P subunit, the steps
being as follows:

Step 1: Serine with serine breakdown products (de-
hydroserine and others).

Step 2: Lys.
Step 3: Glu.
Step 4: Pro.
Step 5: Leu.
Step 6: Arg (does not appear on plate; identified in

H20 phase as PTH-Arg).

Conclusion
The results of the Edman degradation analysis are

consistent with other data for subunit purity in that they
agree with the heterogeneity known to exist in the
primary structure. Some faint unidentifiable spots were
noted on the plats, but these do not appear in other
solvent systems and probably represent artefacts.
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RI2SUMt

PREPARATION DE RIFERENCE DE GONADOTROPHINE CHORIONIQUE, HUMAINE, ET DE SES SOUS-UNITES

A partir d'un extrait brut d'urine de femme enceinte,
on a obtenu de la gonadotrophine chorionique (HCG)
purifiee en combinant la filtration sur gel et la chromato-
graphie sur echangeurs d'ions. La preparation ainsi
obtenue, et designee comme CR119 HCG, a ete soumise
a des titrages biologiques appropries qui ont montre
qu'elle possedait une activite luteinisante (LH), appelee
egalement activite stimulante des cellules interstitielles
(ICSA), de 13 450 UT par mg (titrage biologique par
rapport au deuxieme etalon international de HCG), les
limites de confiance a 95% e'tant de 9560 a 16 624 UI
par mg de proteine. Les activites de thyreo-stimuline et
d'hormone folliculo-stimulante (TS et FSA) dtaient pro-
portionnelles a celle de l'ICSA lorsque ces activites
etaient soumises a des titrages biologiques pour deter-
miner parallelement les courbes dose-reponse.
Une certaine quantite de cette preparation a ete dis-

sociee en sous-unites alpha (a) et beta (fi) qu'on a isolees
a leur tour pour produire deux preparations designees
comme CR119 HCGa et CR119 HCGf3. Les activites
ICSA, TSA et FSA des preparations de sous-unites, par
rapport a CR119 HCG, sont regulierement inferieures

a 0,02 et apres recombinaison on retrouve approximati-
vement 75% de F'activite de chacune.

Les proprietes antig6niques et les activites, mesurees
par dosages radio-immunologiques homologues, ne pou-
vaient etre distinguees de celles de CR115 HCGa et
CR115 HCGf, preparations de reference provisoires du
laboratoire pour les sous-unites a et f respectivement.
En ce qui conceme la contamination des preparations
de sous-unit6s par l'hormone native, elle se revelait
minime par titrages biologiques et dosages radio-immuno-
logiques, et n'etait pas decelable par electrophorese en
milieu gelifie dans du sulfate de dodecyle sodique.
Au total, 550 mg de CR119 HCG, 280 mg de CR119

HCGa et autant de CR119 HCGfl3 ont ete offerts a
l'Organisation mondiale de la Sante. Le Comite OMS
d'experts de la Standardisation biologique a constitue la
preparation CR119 HCG en preparation intemationale
de reference de gonadotrophine chorionique, humaine
(HCG), pour titrage biologique. Le National Institute
of Biological Standards and Control du Royaume-Uni
definira l'unite et assurera la distribution de cette pre-
paration.

REFERENCES

1. CANFIELD, R. E. ET AL. Studies of human chorionic
gonadotropin. Recent progress in hormone research,
27: 121-164 (1971).

2. CANFIELD, R. E. & MORGAN, F. J. Purification and
biochemical characterization of human chorionic
gonadotropin. In: Berson, S. A., ed. Methods in
investigative and diagnostic endocrinology. Amster-
dam, A.S.P. Biological and Medical Press, North-
Holland Publishing Co., 1973, pp. 727-733.

3. MORGAN, F. J. Preparation and characterization
of the subunits of human chorionic gonadotropin
(HCG). In: Berson, S. A., ed. Methods in in-
vestigative and diagnostic endocrinology. Amster-
dam, A.S.P. Biological and Medical Press, North-
Holland Publishing Co., 1973, pp. 733-742.

4. MORGAN F. J. ET AL. Properties of the subunits of
human chorionic gonadotropin. Endocrinology, 94:
1601-1606 (1974).

5. CANFIELD, R. E. ET AL. Studies of the structure and
recombination of the subunits of human chorionic
gonadotropin. In: Margoulies, M. & Greenwood,
F. C., ed. Proceedings of the II International Sympo-
sium on Structure-Activity of Protein and Polypeptide
Hormones, Part 2. Amsterdam, Excerpta Medica,
1972, p. 341 (International Congress Series No. 241).

6. CARLSEN, R. B. ET AL. Human chorionic gonado-
tropin linear amino acid sequence of the beta sub-

unit. Journal of biological chemistry, 248: 6810-6827
(1973).

7. BELLISARIO, R. ET AL. Human chorionic gonado-
tropin linear amino acid sequence of the alpha
subunit. Journal of biological chemistry, 248: 6796-
6809 (1973).

8. MORGAN, F. J. ET AL. Human chorionic gonado-
tropin: a proposal for the amino acid sequence.
Molecular and cellular biochemistry, 2: 97-99 (1973).

9. NIsULA, B. C. & KETELSLEGERS, J. M. Thyroid-
stimulating activity and chorionic gonadotropin.
Journal of clinical investigation, 54: 494-499 (1974).

10. VArrUKAITIS, J. L. ET AL. A radioimmunoassay which
specifically measures human chorionic gonadotropin
in the presence of human luteinizing hormone.
American journal of obstetrics and gynecology, 113:
751-758 (1972).

11. WHO EXPERT COMMITrEE ON BIOLOGICAL STAN-
DARDIZATION. Twenty-sixth report. Geneva, 1975
(WHO Technical Report Series, No. 565).

12. BROWNLEE, K. A. Statistical theory and methodology
in science and engineering. New York, Wiley, 1960.

13. FINNEY, D. J. Statistical methods in biological assay.
London, Griffin, 1964.

14. RODBARD, D. Statistical quality control and rou-
tine data processing for radioimmunoassays and
immunoradiometric assays. Clinical chemistry, 20:
1255-1270 (1974).



*A:* NCO lpha t

VAL~, PMO

VAL'SOL :; .:.

....

,( ... :K W2.K°KH~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.. ......

PRD

ASPC>E E5 U

ALA C4>

VAL c .

Fig. 2. Thin-layer chromatography plates establishing the NH2-terminal amino acid sequence of
CR119 HCG: A. alpha subunit; B. beta subunit (see overleaf).
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