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In the period since the introduction of high-performance liquid chromato- 
graphy, progress in the field of gel filtration has been slow in comparison to other 
modes of liquid chromatomphy. Recently, however, several hinds of &hrmn 
packings have been developed for ue in gel filtration. Among them, two cohmn 
p~ackings were particuiar~y effective in high-speed gel atration: TSK-GEL PW and 
TSK-GEL SW (Toy0 Soda, Tokyo, Japan)_ The former is especially suitable for 
measurements of molecular-weight distributions of polymer9 and oligomers2, the 
latter for the separations of proteind. Moreover, TSK-GEL SW, which is a micro- 
particulate silica $1 chemically bonded with hydrophilic compounds, could also be 
used in denaturing solvents such as aqueous SDS solution" and concentrated 
mdine hydrochlorid$_ TSK-GEL SW comprises three grades of different pore 
sizes, G2tMJOSW, G3OOOSW and G40OOSW, whose separation ran= and separation 
efkiencies in a common buffer solution and in aqueous SDS solution have been 
described previousiy4-‘. In this paper, the separation range and separation efficiency 
of TSK-GEL SW in 6 M guanidine hydrochloride are reported. 

Gel Eltration was carried out at 25 “C on a Model HLC-803 liquid chromato- 
graph Croyo Soda) equipped with a W detector at 280 nm_ A column (60 cm x 7.5 
mm I.D.) of G2OOOSW, G3OOOSW or G44lQOSW was used for each measurement, 
The eiuent was 6 M guanidine hydrochloride containing 0.1 hf sodium phosphate 
(pH 6)_ The flow-rate was OS ml/nun_ The sample concentration was 0.2% and the 
injection volume was 0.1 ml_ The sample solutions were prepared by incubating 
proteins overnight in the ehxent containing 0.02 +f dithiothrcitoi at 25 “C. Iodo- 
aoztamide was then added to a concentration of OAM M and the solutions were again 
incubated at 25 “C for more than L h. 

The proteins used are listed in Table I. 
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TABLE L 

PRQTEiNS USED IN EXPERIME~ 

protein MoC.wt_ of constituent Porypptide Source’ 

TbyrogKctbuliu 165,0Q0 A 
Bovine serum albulii 67,CHJQ B 
OVdbllISliE 43,om C 
#&LafsogIobulin . 17,500 D 

ruyoglobii 16,9GO A 
Riintiease 13,700 E 
cyachromec l&t00 D 
Iosu.Gn 2900 (average) A 
y-<ifobulin (human serum) 50,aQo (heavy chain) F 

23,aoo (light chain) 
Ovaibumin (crude) B 

---_- 
l A, Sigma (St. Louis, MO, USA_); B, Wako (Osaka, Japan); C, Seikagaku Kogyo (Tokyo, 

Jqmn); D, Miles Labs_ @&hart, IN, U_S.A_); E, P-L-Eiochemzcals (Milwaukee, WE, U.S.A.); 
F, Nzdcarai &yoto, Japan). 

RESULTS AND DISCUSSION 

Calibration curves for polypeptide in 6 iU guanidine hydrochloride on 
GXlClQSW, G3ooOSW and G400OSW cohunns are shown in Fig. 1. The separation 
ranges estimated from Fig. 1 are summarized in TabIe II. Both upper and Iower 
limits in 6 M guanidine hydrochloride are lower than those in non-denaturing 
selvents. On the whole, polypptides in the molecular-weight range from 1000 to 
400,OQO can be separated by gel filtration in 6 M guanidine hydrochioride on TSK- 
GEL SW. The exclusion limits of G2OOOSW, G300OSW and G4UCKEW were com- 
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Fig, 1. calibration cuive of TSK-GEL SW c&mms For polypeptide in 6 M guanldine hydro- 
chloridfz 
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SEPARATION RX’TGE OF TSK-GEL SW FOR FOLYPEPRDE IN 6M GUANIDDIE 
KYDROCEiLORlDE CONTAlNlNG 0.1 M SODlUM PKOSPKATE @K 6) 

pared with those of other cohmm packings describe4 previously. Sephadex G-100 
(20,0009 and Sephacryl S-200 (3O,MK@ bad similar exclusion limits to G2OgOSW. 
Bio-Glass 500 (70,000?“), Bio-Gel A-Sm (lOO,OOV or SO,oooll) and Sepharose CL-6B 
(SO,OOO=) bad similar exclusion limits to G3OOOSW. Sepbarose 4B (250,00011) had 
a slightly Iower exclusion limit than G4lQOSW. 

Specific resolution (RJ was cahkited for some pairs of proteins (bovine serum 
albumin and ovalbumin, ovalbumin and myogIobin, myogiobin and cytochrome c, 
cytocbrome c md insulin) to compare separation efliciencies of G2OOOSW, G3HMSW 
and GMOO!YN, using the expression 

R, = 2(V, - ~J/(w, i w3 qog Ml - log M3 (1) 

whee V, W and M represent the elution volumes, peak widths at the base and the 
mokcular weights, respectively, of two components. Specitic resolutions are plotted 
agzinst average molecular weights of the two components in Fig_ 2. which indicates 
that the highest separation e65encies of G2OOOSW, G3000!5W and G40OOSW are 
found in the moIecu.kr-weight ranges below lO,OOO, 10,000-70,000 and above 70,000 
nzspe&vely_ This is dso ikstmted by Fig. 3 which shows elution curves for a mixture 
of proteins obtained on G2OOOSW, G3OOOSW and G4MOSW. The A chain (molecuk 
weight = 2380) and B chain (molecuIar weight = 3420) of insuiin are partially 
separated on GUXIOSW, but only very slightly OQ G3OOOSW and not at alI on 
G4OOOSW. Bovine serum albumin, ovalbumin, myoglobin and cytochrome c are best 
se_psrated on G3OOOSW_ The non-homogeneity of polypeptide chains derived from 
commercial thyrogloblulin can be demonstrated only on G4OOOSW. 

F= t comparison of specik zsc11ution for some pairs of.proteins on G20@3SW (0). G3XIOSW. 
(e) ad G4o(iBsw (0). 
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Fig. 3. EhSion curves of a m of thryogIobuh (0.03 “A (I), bovine serum albumin (0.06 %) (2), 
ovalbumin (OAMO%) (3), mydobin (0.03 “4 (4). cytochrome c (0.02%) (5) and insulin (0.04yd (6) 
obtained by gel filtration in 6 M guanidine hydrochloride on GZaooSW, G3OOOSW and G4tlOOSW. 

Commercial crude ovalbumin was chromatographed on G3OOOSW as an 
example of the applications of gel filtration in 6 M guanidine hydrochLoride on 
XX-GEL SW. The elution curye obtained is shown in Fig. 4. Four peaks I, 2,3 and 4 
can be distinguished besides peaks eluting near the void vohune- The molecular weights 
corresponding to these four peaks were estimated from the calibration curve in Fig. I 
and are summarized in Table III. Since the main components of egg white, from 
which the ovalbumin must have been obtained, are ovalbumin (60%, molecular 

I t 

10 15 
Rution Vokmetml I 

Fi 4 Ehtion curve of crude ovalbmnin obhked by .@ Chation in 6 M guanidine hydrochloride 
onG3&lOSW_ 

MOLECULAR WEZGHXS OF POLYP-E CHAINS OF COMPONENTS OF CRUDE 
OVALBUMIN _DErERM INJ%D BY GEL FILT&XTlION ON G3OOOSW IN 6 M GUANIDDJE 
HYDROCHLORIDE CONTAINING 0.1 M SODIUM PKOSPHAT’E (PH 6) 

1 77,mQ 
2 43,cmO 
3 2wlO 
4 13,alQ 



NOTES 

canalbumin (14x, mokcular weight = 7O,W), ovomucoid (14x, 
= 27,ooo-2o,ooO) and ovaglobulin (12 OA, molecular weight = 

14,000-i7,tMQ peaks 1, 2, 3 ad 4 are p resumed to correspond to conalbumin, 
ovalbumin, ovomucoid and ovoglobulin, respectively. If this identification is correct, 
the mokcular weights estimated agree with vdues generally admitted within 10%. 

&unan y-globulin was also examined on G3OOOSKV and on G4(xKIsw. The 
elution curves obtained are shown in Fig. 5. Two main pe&s are observed in both the 
elution curves, as is the case for rabbit y-giobuIirP. The larger and the smaller 

Fig. 5. EIution cwcs of -/-gIobu.Eu (human serum) obcked by gel @motion in 6 A4 @dine 
hyh-ochIoridc on GM(XISW and GSOOOSW. 

peaks are probably due to heavy and light chains, respectively_ The molecular 
weights corresponding to these two peaks were estimated from the calibration curves 
in Fig. 1 and are s ized in Table IV. Ihe moiecukr weights are in good a_~- 
ment with the values obtained by other methods (see Table I) except that the molec- 
ular weight of heavy chain obtained on G3OOOSW is approximately 23% smdIer than 
the value in TabIe I. Ratios of the molecular weights and peak areas of heavy and 
Iight chains zre also listed in Table IV. Xf the extinction coefkients of heavy and 
light chains at 2Z9 run are identical, these two ratios should be equai. me two ratios 
obtained on G4OOOSIV are in good agreement, while those obtained on G34100SFV 
dkffer by about 20%. 

TABLE IV 

GEL FILTRATION OF REDUCED -/-GLOBULIN (HUM;\N SERUM) ON TSK-GEL SW 
i-N 6-M GUANKDINE HYDROCHLORIDE CONIFAINING 0.1 M SODIUM PHOSPHATE 
ipH6) 

GMOOSW tIiwCwsw 
- 
WoLviL of heavy chain 46,ow 49,Gco 
hlol.m_ of fight chain =mQ 22#uo 
hfoLa;t ratio - 2.09 2-s 
Pf&areZC&iO’ 2.52 2.21 
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A flow-rate of 0.5 ml/min was employed here owing to the high viscosity of 
6 M gutidke hydmcbloride, although the flow-rates were 1 ml/z&n in previous 
work on TSK-GEL SW columns in phosphate b&e5 and in aqueous SDS solution7. 
However, since &km cx~Iumns were employed instead of the LZO-cm cohuzms used 
in the previous experiments, the times required for the measurement of one sample 
were almost identical (30-50 min). Specik resolutions in 6 M gmmidine hydro- 
cl&ride were siight& bigher than those in aqueous SDS solution and similar to 
those in phosphate buffer, although the separation ranges were different_ 
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