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Evaluation of Molecular Weights of Water-Soluble Polymers
by GPC-Light Scattering Measurement

Makoto FUKUTOMI
Mitsutoshi FUKUDA
Tsutomu HASHIMOTO

Gel permeation chromatography (GPC) coupled with a low-angle light scattering photometer was used

for the molecular weight characterization of various water-soluble polymers. The GPC columns used
were two kinds of TSK-GEL, type-PW and type-SW, which feature high resolution and less adsorptivity,
Molecular weights and molecular weight distributions could be evaluated with fairly high accuracy for
both natural and synthetic polymers; dextran, polyacrylamide, and poly(ethylene oxide). Measurements
were also performed for several kinds of proteins and enzymes. The differential refractometer was pref-
erable as a concentration detector, since the refractive index increment was not so sensitive to the kind
of protein and enzyme. Molecular weights here evaluated were in agreement with the published values

within 109 uncertainty. From the results obtained, minor peaks appearing in elution chromatograms of

myoglobin, albumin, and y-groblin were attributed to the respective dimeric components of these proteins.
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Fig. 1 Calibration curve for the column set
G 6000 PW (2ft) and G 5000 PW (2 ft) on
standard proteins in 1/15 M phosphate
buffer (pH6.8 1/10 M KCI).
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Fig. 2 Calibration curve for the column set
G 3000 SW (4ft) on standard proteins
in 1/15M phosphate buffer (pH 6.8
1/10 MKCI). Flow rate is 0.6 m{/min.
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Fig. 3 Flow diagram of GPC coupled with a low-angle light scattering (LALS) photometer,
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Fig. 4 Examples of chromatograms for dextran
fractions obtained from GPC-LALS
measurements in pure water on the
column set G 6000 PW (2 ft) and G 5000
PW (2ft). Flow rate is 1.0 mf/min,
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Fig. 5 Double logarithmic plots SLS/SRI against
M, for dextran fractions, SLS and SR/
are areas of chromatograms correspond-
ing to LALS and RI detectors, re-
spectively.  Measuring conditions are

shown in Fig. 4.
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Fig. 6 Examples of chromatograms for an-
ionically prepared poly(ethylene oxide)
obtained from GPC-LALS measurements,

Measuring condition is the same as in
Fig, 4,
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Table 1 Molecular Weight of Anionic Poly-
(ethylene oxide)
o T o - oo
Code ‘ wx 104 J i, x10-" | 3,/07,
SE— 2 | 2.5 | 2.4 1.14
SE— 5 4.0 | 4.6 1.03
SE— 8 7.3 | 8.0 1.02
SE— 15 14.8 | 16.0 1.04
SE— 30 27.8 | 31.5 1.05
SE— 70 66.1 73.0 1.10
S E— 150 118 140 1.12

1) Estimated from GPC-LALS measurements in
water,
4,

2) [73=(3.97x10) M,96%(in benzene at 25°C)?

3) Estimated from GPC measurements in water
on the column system, G 6000 PW 6ft and
G 5000 PW 2 ft,

Measuring condition is shown in Fig.
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Fig. 7 Elution chromatograms for polyacryl-

amide fractions obtained from GPC-
LALS measurements in 1/15M phosphate
buffer (pH 6.8) containing 1/10 M KCI
on the column set G 6000 PW (2ft) and
G 5000 PW (21t} Flow rate is 0.6 m{/

min,
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Fig. 8 Elution chromatograms for poly(vinyl
pirrolidon) K-30 obtained from GPC-
LALS measurements. Measuring con-

dition is the same as in Fig. 7.
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Table 2 Molecular Weight M, obtained from
GPC-LALS Measurements”

My x10-
Samples -
GPC-LS LS

Polyacrylamide?® 'l

T—4 12.9 12.2

T—2 25.0 29.5

Y—2 68.4 79.5
Poly(vinyl pyrrolidon)

K—30 3.77 E 4.0%

1) In 1/15M phosphate buffer (pH 6.8 1/10 M
KCI) on the column set G 6000 PW (21ft) and
G 5000 PW (2 ft)

2) A.Kotera et al., RPPPJ., 17, 43 (1974)

3) Nominal value,

—
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Fig. 9 Elution chromatograms for poly(vinyl
alcohol) GH-23-Fr, 1
GPC-LALS measurements.

condition is the same as in Fig. 7.
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Fig. 10 Elution chromatograms for (a) bovine
thyroglobulin and (b) bovine plasma
fibrinogen obtained from GPC-LALS
measurements., Measuring condition is

the same as in Fig. 7.
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Fig. 11 Elution chromatograms for (a) equine
() bovine
albumin and (¢) bovine serum y-globulin
obtained from GPC-LALS measurements
in 1/15 M buffer (pH6.8)
containing 1/10 MKCI on the column
set G 3000 SW (4 ft).

muscle myoglobin serum

phosphate

Flow rate is 0.6

m{/min. Peaks 1 and 2 correspond to
monomer and dimer components, re-
spectively.
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Table 3 Molecular Weights of Proteins Evaluated
from GPC-LS Measurements”

’ Molecular WeightxlO -t

Protein | —_— :

I PW Typez’ ! SW Type:*‘ J Ref
Cytochrome c — ! 1.35 | 1.3
Myoglobin 206 | 2.00 17
Ovalbumin 4.61 4.03 4.4
BS Albumin 6.77 (6.80) | 6.8
BS 7-Globulin 14.0 13.2 15.3

BP Fibrinogen 30.6 38.6 33
Thyroglobulm 66.8 — 65~70

1) In M/15 phosphate buffer (pH 6.8) + M/10 KCl
2) TSK-GEL G 6000 PW 2t G 5000 PW 2 ft,
. 3) TSK-GEL G 3000 SW 4{t,

BERIBOREL b /h hORTRELHEL, &
REYBRAE & St Table 3 i bavte, WH 5 2%
TORR L XBREL D—BIIFRIFCTH - 10 BIEMY
BELT, PW 54 77 5 aARoBETIL, Table 11z
A UTCEREE PEO %, SW 24 7% 5 2 o flE cit 4
ME7 73 e, OROFEH kK/E, Offiz s
Lite *72, ROBMEFKORITEOEERR On/
9c) DIEIEAEOBEICIT & A LRI LW D c
’:TﬁVtEEEKOMTCDEﬁ?NTWUTﬁb
ELTAFREEAEL T2, ok, HAWBRELZML
7 (0.02—0.2 g/de) HIER R B, BRSO
Eﬁﬁﬁﬁkm:&,%ivmﬁmléﬁ%ieﬁﬁ%
Emmﬁtkm:&ﬁ%Bmtkotof,EEE@M
TEITHE U CRARHE R I I 2 44 5 B

. Fig. 11 @7 m~<1t 75 apbBlbnikt 5, I
ray, FATIV, r-re7y VIZIE AL vEe— 2

Table 4 Height ratios h:s/hfl for peak 1 and

peak 2 of the chromatograms shown

in Fig. 11
—_——
th/thn
Protein A ==
peak 1 peak 2

Myoglobin 0.38 0.67

Albumin 0.64 1.25

r-Globulin 1.24 2.18

LS R
1) hp and hﬁl represent heights of chromato-
grams for LALS and RI detectors at peak

top position, respectively.

(39)

g

(£=71) OMASHEHIBERIC Y 7 & — 7 (& » 2)
DRDOND, T — 7 {BIC 351 2 IS h/ﬁ’
®L%#ﬁbt#%%TEMe4Lrttov7t—a
i a8 h/h DE WFho FEHzou T g 4

x32 X16

(&) RI
Catalase Chymotrypsinogen
LALS
X4
X8
1 1 1 | ! |
30 40 30

Elution time (min)
(a)

x16

Glutamate Ribonuclease
dehydrogenase

LALS

X8
x8

1 | 1 | I | I

30 40
Elution time (min)

()

Fig. 12 Elution chromatograms for (a) bovine
liver catalase and bovine pancreas chy-

motrypsinogen (b) bovine liver glutamate
dehydrogenase and bovine pancreas
ribonuclease obtained from GPC-LALS
measurements in 1/15 M phosphate
buffer (pH6.8) containing 1/10 M KClI
on the column set G 3000SW (4 ft).

Flow rate is 1.0 mf/min.
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Table 5 Molecular Weights of Proteins and Enzymes Evaluated from GPC-LALS measurements”

Elution time (min)

Fig. 13 Elution chromatograms for p-galactosidase

obtained from GPC-LALS measurements
in 1/15 M buffer (pH 6.8)
containing 1/10 M KCl on the column set
G 4000 SW (2ft).  Flow rate is 0.6 mf/
min, Activity of the enzyme for hydrolysis
of ONPG is also shown.

phosphate

i Te® ﬁ".xlﬂ"
Sample Source )
Gt GPC-LALS Ref.,
Protein ]
7-Globulin Bovine serum 32.8 13.9 15.3
Albumin Bovine serum 35.4 — 6.8
Albumin dimer 30.4 13.3 13.6
Hemoglobin Human 41.9 5.12 6.45
p-lactoglobulin Bovine milk | 39.5 3.45 3.50
Trypsin inhibitor Soybean 42.1 2.22 2.1
Myoglobin Equine muscle 45.6 2.06 1.75
Cytochrome ¢ Equine heart : 47.0 1.43 1.26
Enzyme
Glutamate DH® Bovine liver 28.3 36.3 30-34
Catalase Bovine liver | 33.7 21.4 24.0
Alcohol DH? Yeast I 33.4 14.7 14.1
a-Amylase — 44.0 5.70 5.0
Peroxidase Horse-radish 39.8 3.76 4.0
Chymotrypsinogen Bovine pancreas 44.5 2.72 2.58
Lysozyme Egg white 50.6 1.56 1.47
Ribonuclease Bovine pancreas 46.3 1.51 1.37

1) Columns: TSK-GEL G 3000 SW 4 ft

Solvent: 1/15 M Phosphate buffer (pH6.8 1/10 M KCI)

Flow rate: 1 m{/min

2) Te: Elution time

3) DH: dehydrogenase

(40)
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