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A simple technique for determination of the molecular (Stokes) radius of radioiodinated pro-
teins was developed using the same column and chromatographic conditions employed in rou-
tine radioimmunoassay tracer purification. The calibration curve for five radioiodinated stan-
dard proteins presented a highly significant correlation (r = —0.996: P < 0.001) and allowed
precise molecular radius determination for labeled human growth hormone (hGH), luteotropin
{hLLH), follicle-stimulating hormone (hFSH), thyrotropin (hTSH), prolactin (hPRL), and corti-
cotropin (hACTH), enabling detection of differences of the order of +3%. The validity of the
method was verified by determining the molecular radius of hGH in both *“cold™ (unlabeled
standards and unknowns) and “hot™ (radioiodinated standards and unknowns) systems. The
- technique can be applied in a very simple manner, requiring just one simple additional calibra-

tion run before Sephadex G-100 tracer purification. Furthermore, it can be applied 10 any pro-

tein, even when only extremely limited amounts are available. Since the standards and un-

. knowns are labeled and chromatographed under identical conditions, potential common alter-

’ ations of the molecule due to oxidation, iodine incorporation, tracer-carrier interactions, eic.,
are aulomatically corrected for. @ 1988 Academic Press, Inc.
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An alteration in the molecular or Stokes ra-
dius (1) of a protein. which is directly related
toits tertiary structure, may reflect alterations
in the biological or immunological properties
of the molecule itself (2,3). Moreover, knowl-
edge of the molecular radius of a protein
permits more accurate molecular weight de-
termination via alternative hydrodynamic
measurements (4-6), as well as being an im-
portant parameter in studies of hormone-re-
ceptor interactions (7) and molecular self-as-
sociation (8).

A precise and sensitive technique for
Stokes radius determination via gel filtration
chromatography of unlabeled proteins has al-
ready been utilized in this laboratory (9) to
demonstrate that the labeling reagents and io-

' This investigation was supported by CNEN (Brazil),
FINEP (Brazil). and IAEA {Vienna, Austna).

dination per se do not alter this parameter in
the case of the hGH? molecule. This determi-
nation, which can be considered to be quite
straightforward for any protein normally
available in milligram amounts, can hardly
be carried out with good precision in the case
of purified hormonal preparations, often
available in only extremely limited quanti-
ties.

Our approach to this problem was the de-
velopment of a technique using radioiodin-
ated proteins (both standards and unknowns)

? Abbreviations used: hGH, human growth hormone;
hLH, human luteotropin; hTSH, human thyrotropin;
hFSH, human follicle-stimulating hormone; hPRL, hu-
man prolactin; hACTH, human corticotropin; hCT, hu-
man calcitonin; BSA, bovine serum albumin; OVAL,
ovalbumin; STI, soybean trypsin inhibitor; MB, myoglo-
bin from sperm whale skeletal muscle; CYT, horse heart
cytochrome ¢.
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and typical chromatographic conditions for
routine tracer purification for radioimmuno-
assay use. As far as we know, the only litera-
ture data referring to an analogous method
are those reported by Ryan (4), who deter-
mined the molecular radii of '*'I-labeled
hGH, hLH, hTSH, and hFSH. In that work,
however, the column purification was carried
out under conditions that are not typical of
tracer purification and unlabeled standard
proteins were employed to define the curve,
with only two radioiodinated proteins (bo-
vine serum albumin and chymotrypsinogen)
as labeled controls.

For these reasons, in the present work a
complete calibration curve was obtained by
replicate runs of five '*’I-labeled standard
proteins, under typical tracer purification
conditions (including the presence of a pro-
tein carner); the precision of the method was
checked and it was applied to the determina-
tion of the six anterior pituitary hormones,
which are normally determined by radioim-
munoassay. To check the accuracy of the
method, the molecular radius of a hormonal
preparation easily available in larger quanti-
ties (hGH) was also determined in the con-
ventional unlabeled system.

MATERIALS AND METHODS

Purified radioimmunoassay-grade bovine
serum albumin (BSA), ovoalbumin (OVAL),
soybean trypsin inhibitor (STI), myoglobin
from sperm whale skeletal muscle (MB), and
cyvtochrome ¢ from horse heart (CYT), as well
as highly purified lactoperoxidase, were pur-
chased from Sigma Chemical Company (St.
Louis, MO). Human growth hormone was
extracted and purified in this laboratory as
previously described (10). hLH, hTSH,
hFSH, and hPRL were kindly provided by
the National Institute of Diabetes, Digestive
and Kidney Diseases (NIDDK) and National
Hormone and Pituitary Program (NHPP)
(Baltimore, M D), while human synthetic cal-
citonin (hCT) was donated by CIBA (Basel,
Switzerland). '*I-labeled hACTH was ob-
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tained from a commercial kit from Immuno-
nuclear (Stillwater, MN). Sephadex G-100
and Blue Dextran 2000 were products of
Pharmacia (Uppsala, Sweden). Na'**1, free of
carriers and reductants, was purchased from
New England Nuclear-Dupont (Boston,
MA), at a specific activity of 300-400 pCi/ul.

Radioiodination. The '*°I labeling of pro-
teins was carried out via a described modifi-
cation (9) of the original chloramine-T tech-
nique of Greenwood et al. (11). In the case of
hPRL radiodination the lactoperoxidase
method of Thorell er al. (12) was used. Stan-
dard proteins were labeled at low specific ac-
tivities, using approximately 150 uCi of '*I
for 5 ug of protein; for polypeptide hormones
the amount of radioisotope generally em-
ployed in routine radioiodinations (~0.7-1
mCi) was used for the same amount of pro-
tein.

Stokes radius determination. The general
procedure already described in previous work
(9) was followed. The chromatographic con-
ditions and buffer composition are detailed in
the legend to Fig. 1. The distribution coeffi-
cient (Kj) and frictional Stokes radius (R.)
were calculated as described by Martenson
(13). The same Stokes radius values for the
standard proteins were also used, 1e., 34.8,
28.1,22.6,19.0, and 16.5 A for BSA, OVAL,
STI, MB, and CYT, respectively. In the case
of human synthetic calcitonin (hCT) the
value of 10.0 A was calculated according to
the assumption of Rodbard (14), considering
its molecular weight of 3421, In most cases,
121 labeling and running of BSA were unnec-
essary since it has been demonstrated that
this proteins carries '*°I during a regular
tracer purification (15,16). The precision of
the radius determination was calculated via
Student’s ¢ test, as previously reported (9).

RESULTS

Figure 1A presents the calibration curve
for Stokes radius determination obtained
with unlabeled proteins (*‘cold™ system). Its
parameters and degree of reproducibility can
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F1G. 1. (A) “Cold" system: calibration curve obtained with a 1.3 X 85 ¢m. Sephadex G-100 column in
0.05 M phosphate buffer, pH 7.4. Flow rate: 6 ml/h; fraction volume: 1.2 ml. Equation: K}? = 1.125
—0.01539R,, r = —0.998, P < 0.001. (B) “Hot™ system: calibration curve obtained with a 2.4 % 90 cm.
Sephadex G-100 column in 0.05 M phosphate buffer, pH 7.4, 0.1% BSA, and 0.02% NaN;. Flow rate: 12
ml/h; fraction volume: 2.0 ml. Equation: K}* = 1.136 — 0.01750R,, r = —0.996, P < 0.001. Each point is

the mean of triplicate determinations.

be evaluated in comparison with the different
calibration carried out in previous work (9).
Figure 1B presents the analogous calibration
curve obtained with five radioiodinated stan-
dard proteins (**hot” system). As can be seen
from the two equations, the correlations were
highly significant (# < 0.001) in both cases,
while a difference of about 14% was observed
in the slopes of the two curves (P < 0.01).

The sensitivity of the present method for
determining small variations in molecular ra-
dius, was calculated in the central part of the
curve, using '*I-labeled hGH, '*I-labeled
MB, and '**I-labeled OVAL.: a difference of
+3% in molecular radius can be detected,
through triplicate determinations, at a level
of significance of P = 0.05,

In Table 1, the Stokes radii determined for
six different radioiodinated polypeptide hor-
mones are presented together with the stan-
dard deviations of # determinations. As we
can observe, the interassay coefhicient of vari-
ation was always less than 3.5%. The radius
of hGH was also determined in the “cold”

system. A / test showed that the values ob-
tained for hGH in the two systems were not
significantly different (P > 0.1). Unexpect-
edly, a significant difference (P < 0.001) in
hGH molecular radius was observed when
this hormone was purified in 0.025 M Tris-
HCI, pH 7.4, instead of the routinely used
0.05 M phosphate bufter, pH 7.4. Since the
former buffer is often used, especially in radi-
oreceptor assay procedures (17,18), 1t was
deemed interesting to present this divergent
value as well. The same table also includes
other available literature values for the Stokes
radii of these pituitary hormones, together
with the corresponding reference, to allow in-
terlaboratory comparison.

DISCUSSION

The technique described here for Stokes ra-
dius determination, based on radioiodinated
standards and unknowns, has proved to be as
accurate and precise as that based on unla-
beled proteins, allowing easy detection of
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TABLE |

STOKES RADII OF HUMAN PITUITARY HORMONES

Literature data

Number of Stokes C.Vv. Radius
Hormone determinations radius (A) (%) (A) Reference

1B3hGH 3 22.0+0.26¢ 1.2 222 4

hGH(phosphate) 9 2224029 1.3 222 9)

hGH(Tris) 6 269 +0.50 1.9 24.0 (7)
18.2-25.6 (19)

'Z*I-hLH 3 27.7+0.50 1.8 30.2 (4)
30.4 (6)

'**[-hLH subunit 2 21.2+0.60 2.8 22.6 (4)
21.6 (6)

'BILhTSH 3 268 +0.43 1.6 27.5 (4)

1*I.hFSH 3 299 +0.32 1.1 322 (5)

'ZLLhPRL 3 208 £ 0.67 32 _—

'BL.LhACTH 3 11.5+0.30 2.6 —

“Mean + SD.

scarce hormonal material at the nanogram
level. The utilization of '**I-labeled hCT has
shown that the calibration curve can be ex-
tended down to R, values of the order of 10
A, still maintaining an acceptable linearity.

Unlike the technique described by Ryan
(4), this determination can be carried out
with very little additional work during gel
chromatographic tracer purification under
the same buffer conditions and in the pres-
ence of the routinely used carrier protein. We
consider this to be extremely important, hav-
ing observed remarkable alterations of radio-
iodinated hormones during chromatography
in an unprotected medium (15). The use of
radioiodinated standard proteins, possibly
presenting the same alterations as the un-
knowns, should also correct the overestima-
tion error possibly due to increased bond
length (C-I versus C—H), mentioned by Rvan
(4) as a potenual disadvantage of his tech-
nique.

The Stokes radii of six radioiodinated pitu-
itary hormones were determined, and com-
parison with literature data indicates good
agreement in the case of hGH and hTSH,
while shightly different values were observed

for hLH and hFSH. All of them, however,
presented a difference always less than 10%.
We could not find literature data for hPRL
and hACTH.

The agreement with the R, values for hGH
determined by us in the cold system was ex-
tremely good, indicating that the difference in
slope observed for the two calibration curves
does not affect the R, calculation. Such a
difference, which is also observed in Marten-
son’s data, might be due to the different com-
positions of the elution buffers.

Finally, it should be noted that the Stokes
radius of unlabeled hGH is significantly in-
fluenced by the ionic strength of the medium,
confirming the data reported by Martenson
(13) for other, nonhormonal proteins. We ob-
served, moreover, from preliminary results, a
similar behavior in radioiodinated hTSH
(unpresented data). Considering the possible
influence of such an alteration on immuno-
logical and biological activity and interac-
tions, this fact should be investigated further.
The described technique can therefore also be
used as a rapid and inexpensive tool for test-
ing physicochemical homogeneity or identity
of trace amounts of radioiodinated proteins.
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In our case its application and testing were
carried out concomitantly with the labeling
and tracer purification, but minor technical
modifications (removal of excess '*°I. use of
smaller samples, different column size, etc.)
can allow the handling of much less radioac-
tivity (order of nanocuries) and attainment of
higher accuracy. In particular, extending it to
the use of HPLC size-exclusion chromatogra-
phy, we expect to obtain, in much shorter elu-
tion times, higher peak resolution with conse-
quent improvement in precision and sensi-
tivity.
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