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Human Pituitary Growth Hormone*
By Cuon Hao Lr and Wan-KynG Liu

Hormone Research Laboratory, University of California, Berkeley {California, U.S.A.)

The early studies of Crowe?, Evans and LoNG2, and
SMITH? showed that the growth of an animal is influ-
enced by the anterior lobe of its pituitary gland. The
existence of a hormone responsible for this activity was
finally proved by L1 et al.4 % in 1944 by the isolation of
the growth hormone (GH, somatotropin) from bovine
Pituitaries in a highly pure form. During the past
twenty years, the pituitary growth hormone has been
extensively studied. In the last five years, human pitu-
itary growth hormone (HGH) in particular has been
the subject of much interest, since its clinical effective-
ness in man has been so amply demonstrated. In this
article, we will focus our attention on the chemistry and
experimental biology of GH, with special reference to
HGH, but our intent does not cover the clinical as-
pects of the human hormone.

Bioassay. The two methods that are used the most
frequently for the bioassay of growth hormone are the
tibia test, and the assay based on the increment of
body weight ¢, The latter method measures the increase
in body weight in hypophysectomized rats following
the administration of GH. The tibia test is based on
the increase in the width of the proximal epiphyseal
cartilage of the tibia of hypophysectomized rats and
is the most sensitive biological test available at present.

As performed in our laboratory, female Long-Evans
rats 26-28 days of age are hypophysectomized and are
used for the bioassay 12-14 days after the operation.
The GH solution (in water) is administered intraperi-
toneally (usually in the amount of 0.5 ml) once daily
for 4 days. On the fifth day, which is 24 h after the
final injection, the animals are sacrificed, a tibia is dis-
sected free of tissue, and the bone is split at the proxi-
mal end in the mid-saggital plane. The bone halves can
then be stained with 29, silver nitrate. The uncalcified
epiphyseal cartilage plane, which does not stain and
thus remains white, is measured under low-power
Microscope with a calibrated micrometer eyepiece. Ten
individual readings are made across the epiphysis. The
response is shown to be in a straight line relationship
with the logarithm of the dose. It is of interest that the
slopes obtained with GH from different species are
relatively constant (Table I). This suggests the useful-
ness of the tibia test for comparison of the growth-
Promoting potency of various GH preparations,

Methods of Isolation. The first homogeneous growth
hormone was isolated from ox pituitaries by Li et al. 45
in 1944. Their method of {solation depended essentially
upon variations in pH and salt concentration. A few
years later, WILHELMI et al. isolated the same hormone
from ox pituitaries by a serial Iractionation with
ethanol?, the results of which confirmed the earlier
studies.

Failures in treating human dwarfism?8 with purified
bovine growth hormone (BGH) stimulated the interest
of many investigators in the field of hormone study to
search for the growth-promoting material of pituitary

Table I. Assay of various growth hormones by the tibia test

Growth Response® Slope Index of
hormone precision
20 g 60 ug 120 pug (4)
Bovine 282 - 6{4) 2b04-2(4) 2BRI-6{4) 69.6 0.152
Cetacean® 2204-4(5) 2504-2(5) 26814(5) 62.6 0.130
Simian 2104+ 4{4) 242--5(6) 2611+3(5) 65,7 0,147
Human 206 £ 7{5) 287--6{(4) 254+ 7(5) 61.9 0.240

* Mean tibia width (micra) 4- standard error. Number of rats in paren-
theses. ® Humpback whale,

* Paper VIII of Human Pituitary Growth Hormone series. For
Paper VII, see C. H. L1, A. Tanaxa, and B. T. PIckerING, Acta
Endocrinol., in press. Portions of this manuscript were abstracted
from the Ph.D. thesis of W.K.L., September 1963, This work was
supported in part by a grant from the American Cancer Society.
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origin that would be biologically active in human sub-
jects. In 1956, L1 and PAPKOFF®M succeeded in iso-
lating this hormone from human pituitaries. The meth-
od they used involved calcium oxide extraction, am-
monium sulfate fractionation, chromatography on a
cation exchange resin column with Amberlite IRC-50
(XE-97), and isoelectric precipitation with ethanol.
The hormone prepared by this procedure was shown to
be homogeneous by the criteria of electrophoresis,
ultracentrifugation, and NH,-terminal group analysis.
Owing to difficulties in obtaining a uniform source for
human pituitaries, the material prepared by the above
method could not be secured with enough consistency
for structural investigations, To nieet this requirement,
a modified method was recently developed!!; the prod-
ucts prepared by this modified procedure, although
they were from different batches of glands, were proven
to be homogeneous and consistently reproducible in
their chemical compositions, by the criteria of counter-
current distribution, amino acid analysis, and the pep-
tide patterns of their enzymatic digests. Table II pre-
sents the protocol of the modified procedure, which in-
volves eight steps and gives an average yield of 70 mg
of HGH from 50 fresh pituitaries. It should be empha-
sized that the product is particularly suitable for
chemical studies.

Preparations of human growth hormone have also
been obtained by other methods?*-5 involving chro-
matography on DEAE-cellulose and gel filtration on
Sephadex. A quite different method was employed by
RABEN in the preparation of growth hormone from
pig®® and human? pituitaries; this method depended
upon extraction of glands with glacial acetic acid at
70°C, removal of adrenocorticotropin by oxycellulose
absorption, and precipitation of growth hormone by
ethanol. Since bovine growth hormone is known to be
unstable in acidic media®, materials prepared by the
glacial acetic acid procedure are likely to be denatured.

Growth hormone concentrates from horse, sheep,
and fish pituitaries have been prepared by WiLHELMI®
by a procedure similar to that employed for the isola-
tion of bovine growth hormone?. He also attempted to
separate all the hormones from a single crude extract
of human pituitaries by fractional extraction. This
procedure, which was worked out by ELr1s* for bo-
vine, ovine, and porcine pituitaries, failed when ap-
plied to human pituitaries®.

Besides bovine®52 and human®' growth hor-
mones, sheep?, whale?, monkey %0, and pig?25 growth
hormones have been isolated in a homogeneous form
in this laboratory. The method used for the isolation of
the hormones from pituitaries of these species was es-
sentially the same as the original method employed for
the isolation of human growth hormone®?%, For the
isolation of pig growth hormone two additional steps
were introduced: countercurrent distribution in a sec-
BuOH/0.4%, dichloroacetic acid solvent system and
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gel filtration on a Sephadex G-50 column 25, For a num-
ber of years, attempts made by various workers to
prepare pig growth hormone failed to yield a homo-
geneous preparation!%1%26 The material prepared by
us?, however, was shown to be homogeneous by the
criteria mentioned above.

Table I1. Protocol for the isolation of HGH by the modified
procedure®

Weight
g

Fraction Procedure

Fresh glands (50 pituitaries)

25
Extracted with pH 7 saline solution;
fractionated with {NH),SO,

B 1.8 M (NH,),SO, precipitate, dialyzed and 1.
lyophilized

Extracted with 0.45M (NH4},50,in pH 5.1
phosphate buffer

¥

C Soluble fraction submitted to chromatography 0.5
on IRC-50 resin column

14

D Water eluate (active peak}, dialyzed and
lyophilized
pH and ethanol fractionation

E 259%, (v{v) ethanol precipitate

¥

S Exclusion chromatography on Sephadex G-50
using 0.1 M acetic acid on eluent

&«

0.09

0.07
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Physicochemical Properties. It has been known for a
long time that preparations of the same protein hor-
mone isolated from different species may differ one
from another. Some physicochemical data on the six
growth hormones isolated are summarized®’2 in
jl‘able IIL. This Table discloses some special points of
Interest. First, the molecular weights of the various
growth hormones vary from 25,000 to almost double
that value, 48,000, with that of the ‘primate hormone
being the lowest, and that of the bovine and ovine
hormones being the highest. The isoelectric points fol-
low the same order as their molecular weights. Gen-
erally, it can be said that the growth hormones with
the lower molecular weights are more acidic than those
with the higher molecular weights. If the specific op-
tical rotation is taken as an index of the extent of heli-
cal structure within the protein molecule, human and
bovine growth hormones are the highest in this respect,
with pig, sheep, whale, and monkey growth hormones
in decreasing order. From the end-group data, it can
be seen that pig, whale, monkey, and human growth
hormones, - each having only one COOH- and NH,-
terminal residue, consist of a single peptide chain with
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phenylalanine at both termini. On the other hand,
bovine and ovine growth hormones have two NH,-
terminal residues and one COOH-terminal residue,
suggesting a branched structure for them?®. The dif-
ference in the number of -5-S- linkages may indicate
that the tertiary structures of various growth hor-
mones differ.

Biological Behavior. Studies on the biological re-
sponses® of various experimental animals to growth
hormones of different species are listed in Table IV. It
is of interest to note that the rat can respond to various
mammalian growth hormones, whereas the guinea-pig
is unresponsive to them3. Fish respond to bovine
growth hormone®, but its own hormone is not active

22 C. H. L, First Int. Congr. Endocrin. Copenhagen (1860}, p. 75.

28 C. H. L, in Survey of Biological Progress (Academic Press Inc.,
New York 1962), vol. 4, p. 93.

® C. H. Ly, in Advances in Protein Chemistry {Academic Press, New
York 1956), vol. 11, p. 101.

3 M. L. MircueLL, R. GuiLLeMIN, and H. SELvE, Endocrin, §4, 111
(1954).

3 G. E. Pickrorp, Endocrinology 55, 589 {(1954).

Table I1I. Some physiochemical characteristics of pituitary growth hormone from various species

Properties» Beef Sheep Pig ‘Whale (humpback) Monkey {Macacus) Human
Molecular weight 45,000 48,000 41,000 40,000 25,000 21,500
Iscelectric point, pH 6.8 6.8 6.3 6.2 5.5 4.9
1. —35.6° —49.4° —47.4° —52.1° —55.0° ~38.7°
Number of -8-S-bridges 4 5 3 3 4 2

Phe-Thr-Ala. .. Phe. .. Phe. .. Phe... Phe... Phe. Pro,Thr. ..
N-terminal sequence

Ala. Phe, Ala, Ala...

C-terminal sequence

...Ala, Phe. Phe ...Ala.Lew, Phe ...Ala. Phe.Phe ...Leu.Ala.Phe ...Ala. Gly.Phe ...Gly.Leu. Phe

* (@)D determined in 0.1 acetic acid.

Table IV. Body-growth responses® of different animals to growth hormones from various species

Experimental animal Pituitary growth hormone

Ox Human

Sheep

Monkey Pig Whale Horse Fish

Human
Monkey
Sheep
Goat

Ox

Rat
Mouse
Guinea-pi
Dog Pie
Cat
Tadpole
Fish

+ o+

SR b SRS IR A
w1+ 4+

+ 4
|

4+

® — represents no response; -+ a definitive response; ? response doubtful or not yet established.
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in mammals?¥, Furthermore, the primates can respond
only to primate growth hormones, but not to any of
the other animal growth hormones3233,

Although all mammalian growth hormones are ac-
tive in the rat, their capacities for eliciting body-weight
gain in hypophysectomized rats vary. It was found
that the non-primate growth hormones (bovine, ovine,
porcine, and whale) elicited a continuous increase of
body-weight in the rat, apparently for an unlimited
period of time, whereas primate growth hormones ex-
erted this effect for only 10 days. After 10 days, those
animals that received primate growth hormone be-
come resistant to the hormone$4, although they could
still respond to the other non-primate growth hormones
injected into them later (see Figure 1).

The in vitro growth-stimulating effect of HGH on
human cells was first reported by Moon et al. . It was
noted that HGH caused an increase in the nuclear
multiplication of human liver cells in tissue culture
and that the increase was proportional to the hormonal
concentration and length of incubation time (see Figure
2). The relative specificity of the response of the cells to
HGH was indicated by the failure of other proteins,
including bovine somatotropin, to produce comparable
changes in the rate of growth. Moreover, the effect of
HGH on nuclear multiplication was abolished by the
antibody to the hormone. In this connection, it should
be noted3 that BGH has been shown to regulate the
rate of protein biosynthesis in the rat liver iz vivo.

In addition to the marked influences of GH on pro-
tein metabolism, it is known that the hormone plays
an important role in both fat and carbohydrate meta-~
bolic processes. One of us3? in 1956 proposed that pitu-
itary growth hormone is a metabolic hormone as well
as a biological synergist. For example, BGH enhances
the effect of interstitial cell-stimulating hormone
(ICSH) on the weights of the ventral prostates® in
hypophysectomized rats. There have been some indica-
tions® that the administration of BGH results in an
increase in the antibody level of adult rats that have
been immunized with P. pestis. Recent studiess®4
with HGH have clearly demonstrated that the hor-
mone possesses intrinsic prolactin-like activities. HGH
promotes pigeon crop-sac growth when administered
by either local or systemic procedures, and induces
localized milk secretion when injected with prednisolone
into hypophysectomized-ovariectomized-adrenalecto-
mized rats. Other investigators4% 43 have also reported
that both lactogenic and growth-promoting activities
are found in preparations of HGH. It is generally
agreed that HGH does not possess prolactin-like activ-
ities to the same degree as the ovine lactogenic hor-
mone, but only to the extent of 20%, or less of the
latter.

Immunochemistry. A comparative immunological
study of growth hormones from various species by
means of several different procedures, including preci-
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pitin ring and agar gel diffusion tests with rabbit anti-
serum, anaphylatic shock experiments in guinea-pigs,
and antihormone tests in hypophysectomized rats, was
first reported by Havasuipa and Li#. Their results
showed that growth hormones form species-specific

Daily dosage 25 ug
126~ o Average of 10rals
o0 Average of 8rols

86
8

Body weight ing

e Monkey ———-- ettt — - HYman ~ —-+-—- Boving ——e

i 10 20 3 4 50
Days

Fig. 1. Curves representing average body-weight gain in hypophy-

sectomized female rats for 47-48 days. Animals were hypophysecto-

mized at 28 days of age and injections begun 14 days later with
human, monkey, bovine, or whale growth hormone. Taken from

ref, 8%,
ZDF 260
=-== Growih hormone

18 o—=Control 220
T 16 T 180
2 =
- 12 =Ry
£ 0f RS

8 4 i 4 20 1 L J

0 % 48 12h 0 % 8 72h

Fig. 2. Effect of HGH on rate of protein synthesis and nuclear multi-
plication at varying periods of time, Taken from ref. 3.
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search (Ed. G. Pincus, Academic Press, New York 1959), vol. 15,
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46 W, R. Lvons, C. H. L1, and R. E. Jouxson, Proc. End. Soc.
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antibodies. This phenomenon was also observed by
other workers#-47, The antiserum to BGH reacted
only with ovine growth hormone, but not with growth
hormones from whale, pig, human, and monkey glands
(Figure 3). On the other hand, the antiserum to HGH
reacted only with monkey growth hormone, but not
with growth hormones from other species (Figure 4).
Moreover, guinea-pig antiserum to porcine growth hor-
mone has been shown® to cross-react with the whale
hormone by quantitative precipitin tests (Figure 5)
and immunoelectrophoretic procedures. From these
results, it may be inferred that the antigenic structures
of human and monkey growth hormone, bovine and
ovine growth hormone, pig and whale growth hormone,
might be quite similar. Even though the precipitin
curves of human and monkey growth hormones, as
well as those of bovine and ovine growth hormones,
were about the same, their equivalence points and
their ratios of antibody to antigen differed®®-5. This
suggested that there are subtle differences in the struc-
tures of these molecules. Furthermore, it was found
that HGH induced antibody formation in the rat®,
which might account for the fact that the effect of
HGH on the increment of body weight in hypophysec-
tomized rats ceases after 10-12 days3.

For the past few years, a great deal of effort has
been centered on the assay of HGH by immunological
means 4552, The usefulness of any immuno-assay meth-
od depends upon the basic premise that the immuno-
logically active centers and the biologically active sites
in the molecule are identical. From our limited ex-
periences, we have come to conclude that they may
not be identical. It has been shown 53, for example, that
HGH whose growth-promoting activity has been abol-
ished by performic-acid oxidation can still react im-
munologically with rabbit antisera to the native hor-
mone.

Fig. 8. The interaction of antiserum to bovine somatotropins (BGH)
with growth hormone from various species, as determined by the
Ouchterlony test. Central well contains antiserum to BGH ; wells 1-6
contain 10 pg each of human, monkey, porcine, whale, ovine and
bovine somatotropins, respectively. Taken from ref, %,
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Limited Digestion with Proteolytic Enzymes. Whether
or not the integrity of the entire protein molecule is es-
sential for its biological activity is a problem that has
interested many workers. Growth hormone from vari-
ous species has been subjected to limited digestion with
various proteolytic enzymes. The results suggest that
the whole molecule is not essential for the biological
activity 54—,

It has been reported that various growth hormones
could be partially digested with chymotrypsin without
loss of activity. The extent to which digestion could be

4 C, H. REab and G, T. Bryan, Ciba Foundation Colloq. on Endo-
crinol. 13, 68 (1960).

46 M, M. GRuMBAcH, S. L. KarLan, and S. Soromon, Nature 185,
170 {1960},

47 J. Fisuman, E, E. McCarry, and J. C. Beck, Proc. Soc. exp. Biol.
Med. 102, 446 (1959).

48 A TrewkiE and C. H. L1, Gen, comp, Endocrinol., in press.

4 . H. L1, N. R, Moubpcar, and H. ParkoFF, J, biol. Chem. 235,
1038 (1960).

50 N. R. Moupgar and C. H. L1, Arch. Biochem. and Biophys. 93,
122 (1961).

81 N, R. Moupcaw and C. H. L1, Endocrinology 68, 704 (1961).

52 B, §, GREENsSPAN, J. A, Corerr, W. LEw, and C. T, Pexg, J. lab.
clin. Med. 59,520 (1962). - R. D. Uticer, M. L. PARKER, and W. H.
Davenabpy, J. clin, Invest, 41, 254 (1962).

5 A, TRENKLE, C. H. L1, K. Sapri, and H, Rogerrson, Arch, Bio-
chem. Biophys. 99, 288 (1962).

8 ¢ H, L1, H. Parxorr, P. Fnss-Becy, and P. G. CoNDLIFFE, J.
biol. Chem. 218, 41 (1958).

55 C, H. L1, in Perspectives in Biology {Eds. C. F. Cory, V. G, FoolLla,
L. F. LeLoIr, and 8. OcHoa, Elsevier Amsterdam 1963), p. 24.
88 C. H, L1, in Symposium on Protein Structure {Ed. A. NEUBERGER,

Methuen, London 1959), p. 302.

57 C, H. L1, H. Parkorr, and T. Havasmipa, Arch. Biochem. Bio-
phys. 85, 97 (1959).

5 C, H, L1, J. gen. Physiol. 45, Suppl. 1, 169 (1962).

Fig. 4. The interaction of antiserum to HGH with growth hormone

from various species, as determined by the Ouchterlony test. Central

well contains antiserum to HGH; wells 1-4 contain 2ug HGH, 2 ug

monkey growth hormone, 5 ug BGH and 5 pg ovine growth hormone,
respectively, Taken from ref. 4,
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carried out while full activity was still retained differed
with the different species: 259 for bovine, ovine,
whale, and pig; 209, for monkey; and 10% for human
growth hormone. The rates of the digestion also dif-
fered. Human growth hormone appears to be the most
resistant to the action of the enzyme, whereas bovine
growth hormone is the most susceptible% 5456 Fyrther
studies on the ‘core’ isolated from a chymotryptic di-
gest of bovine growth hormone showed that it differs
from the native hormone in electrophoretic and im-
munological characteristics, as well as in NH,-terminal
residues®?.

Bovine growth hormone could be digested by trypsin
to an extent of 309, without loss of activity?®, whereas
pig growth hormone lost 75%, of its activity when it
was digested up to a similar extent 2.

Pepsin was also used in these studies, and it is sur-
prising to note? that HGH retained its activity up to
409%, digestion with this enzyme (Table V}. On the
other hand, pig growth hormone completely lost its
activity after digestion up to 22%, and bovine growth
hormone also is rapidly inactivated by this enzyme 25 29,

A preliminary study by Dixon and L1% showed that
when HGH was treated with leucineaminopeptidase,
about 50 amino acid residues were removed from the
NH,-terminus. Under these conditions, the hormone
still retained its activity. Studies on the COOH-termi-
nus of growth hormones from all six species showed
that they can be digested by carboxypeptidase to re-
lease the terminal phenylalanine residue without af-
fecting their biological activity 2560,61,

Some Data on the Primary Structure of HGH®2. In
spite of the numerous studies that have been made on
the biological actions of growth hormones, little has
been done with respect to elucidation of their primary
structures. Because of the importance of HGH for
clinical and experimental studies, and because it has
been firmly established that the HGH molecule plays
a dual biological role —i.e. growth promotion and lacto-
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genic activity, two functions that are separate in pitu-
itaries of non-primate origin — we felt that it would be
of particular value to gain an understanding of its
chemical structure. Furthermore, this molecule seemed
a good subject for structural studies because it has a
lower molecular weight than either the bovine or the

80t PBH

60
2 |
2 WEH
[l
=il
= b

i i H i i
0D 20 40 60
Antigen, pg

Fig. 5. Precipitin curves showing reaction between porcine growth

hormone and its homologous guinea-pig antibody, and cross reaction

between whale growth hormone and guinea-pig antibody to porcine

growth hormone; 0.1 ml of guinea-pig antiserum to porcine growth
hormone per tube, Taken from ref, 48,

5 ¥ S. Dixown and C. H. L1, Fed. Proc. 21, 199 (1962).

8 7. 1. Harris, C. H. L1, P. G. Conprirrg, and N. G. Pox, J. biol.
Chem. 209, 133 (1954},

8 C. H. L1, A. J. Parcerrs, and H. Papxorr, J. biol. Chem, 233,
1143 (1958).

% The authors wish to thank Dr. J. S. Dixox for helpful suggestions
during the course of these studies,

Table V. Action of pepsin on HGH»

Time of digestion® Non-protein nitrogen  Bioassay

Tibia test Crop-sac stimulation®

No. of rats Tibia width¢ Dose No. of pigeons Response
min % w g
0 0 6 25142 4 7 1+ (4), 24+ (3)
30 15.5 5 258 4+ 3
60 38.9 5 298 4 4 4 5 1+ (2), 2+ (3)
120 64.0 5 16643 10 3 all negative

» Taken from reference 8. » Enzyme/hormone (w/w) = 1/150, 0.01 .34 HCI at 25°C. ¢ — No stimulation; 1+ moderate stimulation; 2+ good
stimulation; 3+ marked stimulation. ¢ A total dose of 40 ug in 4 days; mean 4 standard error.
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Table VI. The amino acid composition of human growth hormone»

Amino acid Grams of amino acid residue per 100 g of Average N as % of Calculated number Number of
protein total N of residues for residues
molecular weight  to nearest
Time of hydrolysis (h} of 29,000 integer
22 h 22h 72h
Lysine 4,77 5.29 4.84 4,97 6.76 12.3 12
Histidine 1.59 1.81 1.62 1.67 8.30 3.6 4
Amide-NH, 1.57® 8.00 27¢
Arginine 6.90 7.40 7.07 7.12 15.558 13.8 14
Aspartic acid 11.41 10,73 10,51 10.88 8.21 7.4 27
Threonine 4.77 4.53 4.24 4.84°¢ 4.09 13.2 14
Serine 6.63 6.65 5.46 7.23¢ 7.07 24.0 24
Glutamic acid 18.71 16.16 15.76 16.21 10.81 36.3 36
Proline 3.88 3.78 4.04 .98 3.83 118 12
Glycine 2,55 2.42 2.42 2.46 8.85 12.5 13
Alanine 2.65 2.42 2.42 2.50 3.11 10.2 10
Half—cystein“ 1.86 1.81 1.62 1.80 1.82 5.6 [}
Valine 3.18 2.87 3.09 3.09¢ 2.86 9.0 g
Methionine 1.86 1.81 1.81 1.83 1.12 4.0 4
Isoleucine 3.18 8.02 3.34 8.84¢ 2.58 8.7 g
Leucine 11.94 11.79 12.15 12.15¢ 9.24 31.1 31
Tyrosine 5.57 5,59 5.25 5.47 2.87 9.7 10
Phenylalanine 8.22 8.16 8.08 815 4.80 18,0 18
Tryptophan 0,641 0.53 i
Total 99,85 89.85 252

* Values reported are for the anhydrous, ash-free protein. The analysis was carried out in the Beckman Amino Acid Analyzer Model 120
according to the procedure of SPACKMAN et al. 8, » Calculated on the basis of 27 moles per 29,000 g of protein from the independent amide de-
termination. ¢ Values for threonine and serine, which decompose during hydrolysis are extrapolated by the method of Hirs et al.%, ¢ Also
determined as cysteic acid with performic acid oxidized HGH. ¢ Values after 72 h of hydrolysis are taken as the true values for valine iso-
leucine, and leucine. ! Calculated on the basis of 1 mole per 29,000 g of protein as determined by the spectrophotometric method ®, « Not

included in total.

ovine hormone, and consists of a single polypeptide
chain10. 56,

On the basis of a molecular weight % of 29,000, the
empirical formula (252 amino acid residues) is as fol-
lows (see Table VI): Lys,, His, Arg;, Aspy, Thry, Sery,
Gluy, Pro,, Gly, Ala,g CySgValy Met, Tleu, Leuy, Tyry,
Phe g Try,. The nitrogen content of HGH as obtained
in lyophilized form? was determined by the micro-
Dumas method in the Coleman Nitrogen Analyzer,
to give a value of 14.234-0.2%,. Its amide content
was also determined by a colorimetric method®; an
average value of 27.24 1.1 moles of ammonia per
mole of HGH was obtained.

In order to acquire some information about the
chemical structure of the HGH molecule, the tech-
nique of paper chromatography and electrophoresis, to
give a peptide pattern in two dimensions, was em-
Ployed to separate the peptide mixtures resulting from
Proteolytic digests of the hormone. When peptide pat-
terns obtained from digestion of HGH by pepsin,
chymotrypsin and trypsin are compared, it is evident
that the tryptic digest gives the simplest pattern and
Contains comparably fewer ninhydrin-positive spots
(§EG Figure 6). Moreover, trypsin has a greater speci-
flflity than the other two proteolytic enzymes and
81ves rise to peptides with amino acid residues at their
COOH-termini; hence, the tryptic digest was employed

for the first exploration of the primary structure of
HGH.

For a typical run, 100 mg of HGH were dissolved in
20 ml of 0.2N ammonium acetate buffer of pH 8.5;
0.5 mg of trypsin was added to this solution and the
digestion was carried out at 37°C for 24 h. At the end
of the digestion, the solution was lyophilized several
times until most of the ammonium acetate was re-
moved. The dried material was then dissolved in 0.1N¥
acetic acid (ca. 5 to 6 ml). The insoluble material,
which represents about 15% of the total digest, was
removed by centrifugation. The peptide pattern of
this insoluble fraction indicated that it corresponds to
the peptide spots OA, OB, and OC (see Figure 6c).
Amino acid analysis showed that this fraction contains
all the amino acid residues but that they are present
in a different ratio than in the HGH molecule. This

88 D, H, SpackMAN, W. H. StEIN, and S, MooRrE, Anal, Chem. 34,
1190 (1958},

8 C H. W. Hirs, W. H. SteIN, S, Moore, J. biol. Chem, 211, 941
(1954).

85 G. H. Beaven and E. R. HoLibav, in Advances in Protein
Chemistry {Academic Press, New York 1952}, vol. 7, p. 319.

% P, G. Squire and K, O, PEDERSEN, J. Amer. chem. Soc. 83, 476
(1961).

8 W, E. StonE, Proc, Soc. exp. Biol. Med. 23 589 (1956).
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suggests that the insoluble fraction does not represent
undigested growth hormone, but rather some of the
large fragments from the tryptic digest. At the present
time, our attention will be concentrated only on the
soluble fraction. The sum of the amino acid residues
from both the insoluble and soluble fractions of the
tryptic digest is equivalent to the composition of hu-
man growth hormone.

For convenience, the peptides from the tryptic di-
gest of HGH are designated according to their posi-
tions in the pattern as shown in Figure 6¢. Besides the
ninhydrin color test for the peptides, specific color tests
were also used to locate the tryptophan-containing,
histidine-containing, tyrosine-containing, and arginine-
containing peptides. A summary of these results was
given in Table VII. It is of interest to note that, besides
a spot {OC) derived from the insoluble material, there
is only one spot (4C’) which gave a positive reaction to
the Ehrlich reagent. The HGH molecule contains 14
residues of arginine and, as shown in Table VII, a total
of 15 spots reacted with the Sackaguchi reagent. It
may therefore be concluded that the two-dimensional
paper chromatographic-electrophoretic procedure is an
effective method for complete resolution of all peptides
which occur in the tryptic-digest of HGH.

The anion exchanger, DEAE-cellulose, was found to
be useful in separating the tryptic digest into three
fractions (D-I, D-1I, D-IV); the soluble fraction was
applied to the cellulose in a column which has been
equilibrated with 0.01 N ammonium acetate buffer of
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pH 8.1. The column was developed with the same buf-
fer; D-I, which emerged after the first hold-up volume
of the column, contains the peptides that have the
fastest mobilities in electrophoresis in the direction of
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Fig. 8. Peptide patterns of enzymatic digests of HGH; chromato-
graphy in solvent system, n-butanol/acetic acidjwater {4/1/6} and
electrophoresis in pH 8.7 pyridine-acetic acid buffer for 105 min at
2000 volts according to the procedure of Karz et al.%8: (A}, pepsin/
HGH, 1/100 {w/w}, 37°C for 24 h in 0.01 M HCI; (B}, chymotrypsin/
HGH, 1/100 {w]jw}, 87°C for 24 h in 0.2 M ammonia acetate buffer of
pH 8.5; (C) trypsin/HGH, 1/200 {(w/w), 37°C for 24 h in 0.2 M am-
monia acetate buffer of pH 8,5,

68 A, M, Katz, W. J. DREVER, and C. B, AnrFinsEN, J. biol. Chem.
234, 2897 (1959),
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the cathode. Their behavior in both column chromato-
graphy and electrophoresis suggests that they are basic
Ppeptides which are not held up by the anionic ex-
change cellulose and which have fast electrophoretic
mobilities towards the cathode. Following D-I, D-II

Table VII. Color tests on tryptic digest of human growth hormone

Peptide no.s Color reaction

Ehrlich Pauli Sackiguchi
12A 40 +
10B +
10¢ +
9A +
98B +
8C +
BA +
5A 4
4B +
4c + +
4(:11 + b
4F 4o
3A + b
3B FR
3BI! + o
3B 4o
2C +° +
2D +
2F +°
2G +¢
OA -+ ® +
OB +
oc + +

“:Peptides are designated according to Figure 6c. ® Positive for
histidine. ® Positive for tyrosine.

Table VIII. Amino acid sequences of some peptides resulting from
tryptic digestion of HGH

Peptidese Sequence
T-124 Ala-His-Arg
T-11A Lysine
T-10A Ser-Lys
T-108 Gly-Arg
T-10¢ Arginine
T"QA Agp. Arg
T-9p Ser-Arg
T-oc Leu-Arg
T84 Met-Gly-Arg
NH,

T §

-8A Glu-Glu-Lys

NH,
{
T-6B Thr-Gly-Glu-Tleu-Phe-Lys
T-54 Asp-Leu-Glu-Leu-Leu-Arg
NH,
1

T-44 Glu-Glu-Thr-Glu
T-4p Asp-Leu-Leu-Lys
—————p,

* See Figure 6c.
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emerged with the same developer; this fraction con-
tains eight peptides which were found to be located in
the center part of the peptide pattern obtained by two-
dimensional paper chromatography-electrophoresis,
and are considered to be the neutral peptides. D-IV
is a large fraction which did not emerge until the
developer was changed to the 0.5 N ammonium acetate
buffer of pH 6.7, As revealed from its two-dimensional
paper chromatographic-electrophoretic: pattern, this
fraction contains the remainder of the peptides in the
tryptic digest. From their behavior in electrophoresis,
they are acidic peptides.

Further separation of these three fractions were
carried out by high-voltage paper electrophoresis at
pH 3.7 and 2,000 volts, followed by paper chromato-
graphy in a solvent system consisting of #-BuOH/pyri-
dinefacetic acid/water (30/20/6/24, v/v). The amino
acid sequences of twelve purified peptides were de-
duced by the usual methods of terminal analysis, in-
cluding quantitative amino acid analysis® and the
Edman stepwise degradation procedure®, In addition,
lysine and arginine were found as free amino acids in
the digest (see Table VIII). These data represent re-
sults obtained from the first attempts to elucidate the
internal primary structure of HGH.

Concluding Remarks. From animal experiments with
bovine growth hormone, it is clear that the hormone
exerts a variety of biological functions other than its
well-known growth-promoting activity. In man, HGH
has been shown to be the most potent anabolic agent
of all drugs or hormones that have been tested in recent
years. Because of the limited supplies of human pitu-
itaries, other aspects of the biological usefulness of
HGH in health and disease have not been explored.

Limited hydrolysis with pepsin indicated that the
integrity of the HGH molecule is not essential for its
hormonal activity. It is likely that a portion of the 252-
amino acid chain is responsible for the biological func-
tions of HGH. We have described above initial studies
which were undertaken in this laboratory on the in-
ternal structure of the HGH molecule. If the complete
primary structure of HGH were known, it might be
possible to synthesize an amino-acid sequence that ex-
hibits all the biological properties of the hormone. It
is hoped that this goal will soon be realized and that a
synthetic product with HGH activities shall be avail-
able for extensive clinical and experimental investi-
gations .

% P, EpMan, Acta chem, scand. ¢, 283 (1950).

% Added to the proof, January 24, 1964: The molecular weight of
the HGH monomer has recently been determined by sedimenta-
tion equilibrium studies (C. H. L1 and B. Starmax, Biochem.
biophys, Acta, in press), and was found to be 21,500. On the
basis of this molecular weight, the empirical formula (187 residues)
of HGH as obtained from its amino acid composition (see Table VI)
becomes: Lys, His, Arg,, Aspy, Thry, Seryg Glug, Prog Gly, AlagCyS,
Val, Mety lleu, Leuy, Tyr, Pheyg Try, (-NHj)g,.
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Zusammenfassung. Aus Tierexperimenten mit Wachs-
tumshormonen aus Rindern wird klar, dass das Hor-
mon eine Anzahl anderer biologischer Funktionen aus-
ibt als seine wachstumsférdernde Tétigkeit. Im Men-
schen hat sich das Wachstumshormon als stirkstes
anabolisches Agens der bisher untersuchten Arznei-
mittel oder Hormone erwiesen. Infolge der limitierten
Hypophysenausscheidung blieben andere Merkmale
der biologischen Férderung der Wachstumshormone
fiir den gesunden wie auch den kranken Menschen un-
erforscht.

Articles généraux ~ Ubersichtsreferate

ExperienTia X X/4

Beschréinkte Hydrolyse mit Pepsin ergab, dass die
Integritit des Wachstumshormonmolekiils nicht Vor-
aussetzung fiir sein harmonisches Wirken ist. Hin-
gegen ist es wahrscheinlich, dass ein Teil der 252
Aminosiurekette die biologischen Funktionen der
Wachstumshormone bedingt. Die Kenntnis der voll-
stindigen Primarstruktur des Wachstumsmolekiils
wiirde die kiinstliche Herstellung einer entsprechenden
Aminosiurefolge mit den biologischen Eigenschaften
des Hormons ermdglichen.

Mineralhaushalt und hormonale Aktivitit im Winterschlaf

Von Paur RAtHS

Physiologisches Institut der Martin-Luther-Universitit Halle a. d. 8. (DDR)

Seit den Untersuchungen von Wyss! am Sieben-
schlifer ist bekannt, dass der Winterschlaf der Sduge-
tiere eine besondere Form der Thermoregulation, eine
Art «Sollwertverstellung des Temperaturreglers» dar-
stellt, die wihrend des normalen Ruheschlafes ausge-
16st wird. Bei Korpertemperaturen von wenigen Gra-
den iiber Null wird der neue «Sollwert» bei Belastung
durch Zussere Kilte festgehalten; eine Uberlastung
wirkt als Weckreiz. Der Mechanismus der Umschaltung
der Thermoregulation ist bis heute nicht geklirt, je-
doch besteht Einvernehmen iiber die Teilnahme hor-
monaler und nervéser Mechanismen. Gleichgiiltig, ob
man der Theorie der hormonalen oder der Theorie der
nervisen Genese des Winterschlafs den Vorzug gibt,
ist zu erwarten, dass primédre Umstellungen im endo-
krinen System oder sekundire iiber eine Verdnderung
im neurovegetativen Gleichgewicht auch im Mineral-
haushalt zum Ausdruck kommen solliten. Die Unter-
suchung der Elektrolyte, im engeren Sinne des Na-
triums, Kaliums, Calciums und Magnesiums, kann da-
her — kombiniert mit Befunden tiber den Kohlen-
hydrat-, Saure/Basen- und Wasserhaushalt, histologi-
sche und histochemische Driisenuntersuchungen usf. ~
gewisse Aufschliisse iber die endokrine Aktivitdt im
Winterschlaf geben.

Eine allgemeine Schwierigkeit solcher Untersuchun-
gen besteht in der Weckempfindlichkeit, die bisher
keine kontinuierliche Verfolgung von humoralen Ver-
inderungen wihrend des Schlafzustandes am Ein-
zeltier zugelassen hat. Man ist daher zur Priifung ihrer
Abhangigkeit von der Korpertemperatur, des Kri-
teriums der Schlaftiefe im Winterschlaf, auf die Zusam-
menstellung von Einzelergebnissen méglichst vieler
Tiere mit unterschiedlicher Koérpertemperatur ange-

wiesen2-4, — Bei der tabellarischen Darstellung der
Daten des Schrifttums {iber die Blutelektrolyte wur-
den alle mg%-Angaben in Milliiquivalent pro Liter
{mval/l) umgerechnet. Einzelergebnisse von Versuchs-
serien wurden, soweit das statthaft erschien, zusam-
mengefasst und daraus Mittelwert und Standardab-
weichung berechnet.

1. Der Natrium- wnd Kaliwmhaushalf. Natrium-,
Kalium- und Wasserstoffionen sind iiber mehrere Re-
gulationssysteme miteinander verkniipft. Austausch-
prozesse an Zellmembranen der Kérpergewebe, speziell
der Niere und der Magendriisen, betreffen meist alle
drei Ionenarten, Bei Sichtung der in Tabellen I und 11
dargestellten Ergebnisse tiber das Serum-Natriuni bzw.
— NaCl ergibt sich, dass der Natriumgehalt durch den
Winterschlaf kaum veridndert wird. Allenfalls kann ein
geringer Anstieg, der nach eigenen Befunden am Ham-
ster? sein Maximum bei 20° Korpertemperatur haben
wiirde, abgelesen werden. Im tiefsten Winterschlaf
liegen wieder die Messwerte des Wachzustandes vor
(Figur 1). Der erhdhte Natriumspiegel, der bei einer
Gruppe wacher Goldhamster® und Hamster? festge-
stellt worden ist, kann durch Nahrungsaufnahme?®
oder durch die Gonadenentwicklung wihrend des
Nachwinters* bedingt sein. Bekanntlich vermé&gen
Sexualhormone die renale Natriumretention zu er-

1 0. A. M. Wyss, Pililigers Arch. ges. Physiol. 229, 599 (1932).

2 R. S. Person, Trudy instit. morphol. zhivotnich im. Severtsova 6,
173 {1952).

8 M, L. Riepesgr und G. E. ForLk, Amer. Naturalist 52, 307 (1958).

4 P, Ratus, Z. Biol. 113, 173 (1962).

5 A. DEnvEes und J. Hasserr, Bull. Mus. Comp. Zool. Harvard Univ.
124, 437 (1960),



