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130 BARTOLINL AND RIBELA

lar study using bovine Frowth hormone, vattera et al. (1%)
found full retention of growtn-promoting activity after intro-
duction of pmuw. Their preduct was, however, labelled using
the milder Chloramine T technique of Roth (15) at an iodination
decree of 1 atom/molecule. Goodman et al. (16) used two "in vi-
tyro" bioausays to show thatl, at moderate levels of iodination,
nGH retained full potency with respect to stimulation of glu-
cose oxidation and lipolysis.

Trne present study, which takes advantage of & sensitive
22 factorial bicassay (17}, was mainly desimmed to investigate
chanres in the crowth-promoting activity of hGH due to relative
1y drastic Chloramine T iodination {up to ~2 atoms/molecule)
and indirect radiation effects. Alterations in immanological
activity and in moleculuxr radius were zlso studied.

Our study thus bears directly on the basic assunption made
when © tracer is employed, 1.e., +hat the biological, immuno-
logical and rhysico-chemical properties of the iodinated ligand
do not differ significantly from those of the native hormone.

125.

Ta *he case of a molecule like 1VhGH, this cgumption is

relevant to its valld use in radiolirsand aszays and in its ap-
plication in nin vivo" studies of ti¢ mechanism of cction and

metabolism of this hormonc.

METHODS
wii nreparations: The snd. nnd Jrd. standard-IT
rreparcd and ealibrosed in tpis laborutory as pruvice mw
scrived 1ling

19y, and hGH-IPEN lot 24, were used for Lhe 1labe
ol

{
L
and contr

WGl were iodinated
~inai Chloreonine T la-
T muintainine reasent
~oge used in our

Tolination: .25, 1.6 or 3.2 mr
: ———— i me i .
using (with minor modifications)
belling tecihmicue of Grecnwood €%
concentrations ard conditions Hmvvrp
routine lapelling of 5 p= hal wish 1o .

i Yeagents, added in tpe order listed: 40 wc.,c.m M
rnosinate tufrer, pif 7.4: L.13%6 e dal in 4 pl 0.1 M HaOl;

5 pe hGH in 10 pi 0.0 i phosphate burfer, ph 7.4; Y0 ug Chlo-
amine T in lu pl of the S . i er xaiting o2 &
200 po of sedium retubisaliite, dissolved in 20 Jl 0.0 K
reschate buffer, ri 7.4, were added. Conilnous awﬁﬁoa«o
stirring was cointained throushout. In vhe EUOHowoawdmﬂwoﬁw.
irstead of using ).91%1077 pg-atoms of 1051 (~2 =Ci), a S0,

2

Lo

320 or mnulwowmbmaozbﬁ of 127-1 was added, together zuas.mdoﬁw
45, %20 or 600 uCi of 125-1, in order %o permit calculation

57 labellins yieids and average iodination degree, as well

as to reproduce indirect radiation effects. Thus the re-

is wes done by mul=,
tinslving by 950, %20 orT r4u-fold the mass anrd the volumes of the

me buffer. After waiting 70 zeconds,
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arent concentrations at the moment_ef the oxidizing reaction
were: hGH= 3.7x10 7 M Hmu 7.4%x10"’mM; Cnloramine T= 2.9 mi.

Purification and storage of I-hGi: Part of the szmple was
purified on Sephadex G-100 to allow precise calculation of the
Tabelling yield and iodination degree and for Stoses Radius
determination. The remainder was dialyzed immediately after
the labelling. The labelled hormone was frozen and stored for
about 10 days at -20¢C before initiating the injections or the
radiocimmunoassays.

Bioassay: The body weight gain test was performed ir hypgo

physectomized rats in o and 10-day assays, using doses of 10
and 20 pg/rat-day, 10 rats per group, with statistical treat-
ment as described previously (17). Potencies of I-hGH wWere
calculated in terms of the original, dialyzed preparation used
for the labelling.

Padicimmunoassay: An immunoassay technique as previously
described (18], used overnight incubation at 4°C and PEG 06000
as separating arent. Relative potencies were calculated from
the median effective doses Amcnov.

4

stpkes Radius determination: The gel filtration technique
described by martenson (1Y) was uced for molecular radius de-
termination. Values of the frictional Stokes Radius (R ) were
colculated from literature values {19-21) of the diffulion co-
efficient (D, ) Dy the equation R = kT/EMQ D, , ~where K
. L ]

is the Boltzmann constant AH.uomuprcnpm er;/desree), T the
absolute temperature (293.16) and n the viscosity of the me-
dium (0.010 poise).

Stokes Radii (indicated in parentheses) for the standard
proteins and hGH werc calgulated mxoawﬁmm following Doq o val-
ues: cytoghkrome C (16.5 A) 13x10" ‘em®s™ —; nmyoilobiy Yrf(19.0
A)q1l1,5%10 em/s; soybean trypsin ipyibitor (22.6 A) 9.4x
15 en" /s ovalbumin (28.1 A) aqawmuzl em®/s; vovine scrum ,al-
bumin monomer (34.8 k) 6.1uxld’em” /sy noil (23.9 1) B.A8210
em“ /5. .

The calicration curve, xwxunﬁnwmﬂ , was obtazined in
0.05 M phosphate buffer, pliv.4; from ir¥plicate runs of Z-4 mg
of each protein standard {Fii.1) dissolved in 1-1.% nl of buf-
fer, together witn 1 m gf dextran bluec to indicute the void
volume (V ) and about 10' epm of 129-1 in carricr 127-1 for
the total®volume (V,) determination. The distribution coetfi-
cient (X.) was calc¥lated us K,= (v _-V_)/(V,=V ) where V, is
the elutfon volume of the mucﬁmms unfer®study. © N

]

RECSULTS

Fig.2 prescnts a typical Sephadex G-100 chromatosram of
T-hGH purification and Stokes Radius determination, tosether
with the protein profile of the cold preparation used for the la-
belling and run simultaneously on the same column. Considering
the 67.3 % labelling yield, the average iodination degree was, in
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2.8 atoms/molecule of hik.
10

thiis casc,

here, the amount of 1 ircorporated fr oprotoln wns b=

tween B oand 11 towxap of purified prniuct, which is anoul the Sa-
me ampunt of radionctivity wvoer Jit wolume as in our roquwiar

“H-MHJ parations. In aur regalar prevarations, however, the
h3H is vﬁoﬂ.u._, by lhe prescnce of o larsu

ile in these macroiodinations

ouant of bovine se-

rum albumin carrier (1 mg/ml),
! nap {CA e \

the solution contains only hGH (90 Tﬁxawx.

Astermiration (five separate runs} for na-

The Stokes Hadias
tive hGH {(3rd. standurd-IPED) mHoapuca an experimental value of
00260000 m. gused un Student'c U otes . (22), applied to tripli-

cate determinations ior ovalbumin ﬁxmuo.quho.cwow and myoglobin
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ig.2 Sephadex §-100 chromatogram of the hGH labelling mixture
(127-1-kGH + traces of 125-I-hCH) run together with a
sample of the origsinal preparation used for the label-
ling. Column size 1.3x28% cm, flow rate & ml/nr, fraction
¢0Hcam 1.1 ml.

x— radiocactivity profile

———+— protein profile

xa of hGH=0.482 K

@ of T-hGH=7.459

ﬁmunc.cmwhc.:.qu. thic chromutorrapnie techknigue was found sensi-
tive enougi to detect an increase of moee Lhan 2.e¢% und a de-

aof

o1nm e of more than 1.27 in molecular radius. Todinated | I +
r_Hu nGH, chromatocra Lnren 3oon the zsane 3

column, provided an averase R = 22.10:0.27 m. not
different from the native hGH valae (F> 0.1).

In Table I, we report the rclative potencies (99 # fiducial
limits) and statisticuwl paramcters Tor the toree exporiments used
for biovzectivity determinatiosn, witn iodiration

1.9

4 2.7 ztoms/molecule. Two clatistical

the wvariance ratio "P", indlcated ro =i

potency, as well ns no simmificant departurs froo

{elope diverrence) between rutive and iodinate

Pif.? compares tne radiclmmuncascay curves ard relative po-

tency of hGH exposed to the labelling reasents in the absence of
iodine (false labelled) and iodinated to a low (I.D.= 0.3)
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TABLE I.

Slope
Diverser

Preparations
Difference
(F-test)

Combined
Slope

Index of

Fid.

~ o
5%
Limits

G
)

Relative
Potency
of I-h

Averace Iodin-
ation Degree

{(atoms/mol.

Experiment

No.

ce.

(P-test)+

2

-

Precision
Y]

GH

-

)

260%107°

4.58 0.17

0.638

1.9 1.21

]."l

292x1072

1.60

12.20

b 3
(%)

0.1

15=1.10

fl

0.86

2.7

0.6x1072

12.70 0.50

0.2%4

2=1.31

O
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2.83

L 5-day assay
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2 the difference is not gignificant (P> J.09) when F<4.11

not calculated

n.c.
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B/B LOG-LOGIT CALCULATION:

o
x100 PREPARATION ED,, SLOPE RELATIVE 95V FID.
POTENCY LIMITS

100 X CONTROL ~ 11.1 -3.52  1.00
OFALSE LAB.12.3 -3.29  0.90 0.u9-1.25
€1.D.:0.8 12.5 -3.49  0.89 0.47-1.21
A1.D.:2.6 13.1 -3.18 0,85 0.41-1.11

50

T — T T T

4
1 2.5 5.0 10 20 50 100 ng/ml pocp

Fig.3 Influence of the labelling reagents, of iodination and
of secondary radiation effects on the immunological ac-
tivity of hGH. Bach curve is the result of 3 assays.

The index of precision (A ) for the three potency deter-
minations was between 0,100 and 0.105.

high (I.D.= 2.6) degree to those of the original preparation used
for the labelling (control).

DISCUSSION

The present work shows that relatively hish concentrations
of Chloramine T and sodium metabisulfite, high iodination deprees
(up to 2.7 atoms/molecule), and indirect radiation effects do not
sipnificantly alter the biological and immunoclosical activity of
the hGH molecule or its Stokes Radius, as determined by gel fil-
tration.

Our data, based on measurements of the growth-promoting ac-
tivity of strongly iodinated hGH molecules, sugpest a greater re-
tention of the bioactivity than reported by Hughes et al.(12) and
are thus in agreement with the results obtained by Mattera et al.

CLE AR/SP - IPEN



136 BARTOLINI AND RIBELA

(13) for bovine growth hormone and by Goodman et al.(16) with
their "in vitro"” bioassays.
The gel filtration technique has proved to be a very useful
and sensitive tool for detecting small variations in molecular
i is in perfect agreement

[

radius. The experimental value of 22.24 A
with the data of Ryan (24) and in fairly good agreement with the
thecretical frictional Stokes Radius of 23%.9 m which we caleculat-
ed from the diffusion coefficient of hGH, especially considering
the influence tha pH and ionic strength can have on this determi-
nation .(19,20).

Since an insignificant fraction of the total hGH was labeled
with HmmH. the present work provide no information about direct,
intramolecular radiation effects, producing a "decay catastrophe"”
(%), probably due to coulombic explosion (25). Considering that
the present tendency is to preparec numaHu:o: with a moderate spe-
cific activity (~59 Ccifey 1.D.~0.5 atoms/molecule), where only
about 8% of the molecules should be polyiodinated {26y, we esti-
mate that, using the tracer within 1% days of the labelliny, the
that had suffered a decay
should be less

than 270 of

percentage of still labelled molecules
catastrophe (mostly meH1SCﬁcHono decay products)

tran 3% of all the prowth hormone molecules und less
all rodioiodinated moleculen (7). Horeover it koo

biolo-icnl

not t heen

demonstrated to what extent the irmuno- and netivity

nired by thic deeny cutas=

of a large protein molecule cun be 1

’

trophe (29). Such studies are currently 1o Pro;;ress ih uur lobo-

ratory.
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