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High-Performance Ion-Exchange Chromatography of
Proteins on Non-Porous Ion-Exchanger
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Porous packing materials have been employed with great success for a long time in liquid chromato-

graphy. On the other hand, non-porous packings have been examined and demonstrated to be useful only

recently.

Now, we have developed anion and cation exchangers, TSKgel DEAE-NPR and TSKgel SP-NPR, which
are prepared by introducing diethylaminoethyl groups or sulfopropyl groups onto non-porous spherical

hydrophilic resins of 2.5 um in diameter. We report herein the characteristics of these new packings and

several applications to protein separation.
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3. WREER

(1) EXMHHE

(1) TMBEEZONVERSE

Fig. 1 & Fig.2 iz DEAE-NPR XKt SP-NPR »
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B ERFN0. 15K 0.10 meq KHHIh T 5,
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Fig. 1 Titration curve of TSKgel DEAE-NPR
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Fig. 3 Separation of a protein mixture on TSKgel
DEAE-NPR

A mixture of conalbumin (1), transferrin
(2), ovalbumin (3) and trypsin inhibitor (4)
was separated with a 10-min linear gra-
dient of NaCl from 0 to 0.5 M in 20 mM
Tris-HCI buffer (pH 8.0) at a flow rate of

1.5 m8/min.

-, DEAE-NPR i pH 11 JAF, SP-NPR <GiX
pH3 LLETH v BOSENTETS 5.

& vy BEEEZ, DEAE-NPR v v mE7 v
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ERRDEIMFTTATI L DB %17 -> 7, Fig.
5 %156 ic DEAE-NPR * TSKgel DEAE-5PW.
SP-NPR & TSKgel SP-5PW Tm 4 o0 B M >
FNFROEERNFHLGETHE LIz a5 0%
7+, DEAE-NPR R 0% SP-NPR 0F 2R %7LEA A4+
%tk ©h 5 DEAE-5PW R (% SP-5PW X v 4 3%
ICHEWAHEFREIN 6 70 1) TEWSIEHESE LTS,

(1) pH8.0 @ 0.02M b+ Y 2 —EEEER+TRCRAITEL
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(2) pH6.0® 0.02M V vESERERTTRIE Lz,

(3) FTHA XH 10004 D HIEFKEBIEDEREIC
PTFNT I S =FE (DEAE-5PW) Z /it 2 Lk
7u ¥ (SP-5PW) #EA LW FEH 10um o
HPLC AFZETAHE 2 75X7.5mmID. DxF 12 h
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Fig. 4 Separation of a protein mixture on TSKgel
SP-NPR

A mixture of trypsinogen (1), a~chymo-

trypsinogen A (2), ribonuclease A (3),

cytochrome ¢ (4) and lysozyme (5) was

separated with a 10-min linear gradient of

sodium sulfate from 0 to 0.5 M in 20 mM

acetate buffer (pH 5.0) at a flow rate of 1.5

m@/min.
L M

EluthI‘l Time (mm)

Fig. 5 Comparison of TSKgel DEAE-NPR and
DEAE-5PW
A mixture of ovalbumin (first peak) and
trypsin inhibitor (second peak) was
separated on DEAE-NPR (left) and
DEAE-5PW (right). Elution conditions as
in Fig. 3 except the gradient time was 60
min and flow rate was 1.0 mf/min on
DEAE-5PW. The size of DEAE-5PW
column was 75X 7.5 mm 1.D.

(3) SYEEREDFEKFE
Fig. 7 ic DEAE-NPR D45 BEE~DIE DB E 3R
LTW5B, MEDHEINE & iz SBpEIr 2 AL LT

Fig. 6 Comparison of TSKgel SP-NPR and
SP-5PW
A mixture of a-chymotripsinogen A
(first peak) and ribonuclease A (second
peak) was separated on SP-NPR (left) and
SP-5PW (right) with a 10-min (SP-NPR)
or 60-min (SP-5PW) linear gradient of
NaCl from 0 to 0.5 M in 20 mM 2[N-mor-
pholino Jethanesulfonic acid—NaOH buf-
fer (pH 6.0) at a flow rate of 1.5 mf/min
(SP-NPR) or 1.0m@/min (SP-5PW).
The size of SP-5PW column was 75X 7.5

mm [.D.
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Fig. 7 Dependence of resolution on flow rate in
the separation of proteins on TSKgel
DEAE-NPR

A mixture of ovalbumin and trypsin in-
hibitor was separated under the same condi-
tions as in Fig. 3 except the flow rate was
varied between 0.25 and 2.0 m@/min. The
resolution was calculated from the peak
widths and elution volumes of the two pro-
teins.
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(4) DBEREDT T T T PEFREIKREY

Fig. 8 iz DEAE-NPR DB~ D /'35 o= o b
ROEEEZRL TN, 'SV MEROERE &
WOBRER R EL T3 28, 105 L i olen 7S
Vv MEREKEEN NS RoTnWB, FFYT L b
R 2R+ 5 & SRR YUREL 2D, a0
TRBKEL B, UEEEBETEL, /59T M
RIE 5 —105 23 &E &L Bpbhs, 72, SP-NPR T}
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Fig. 8 Dependence of resolution on gratient time
in the separation of proteins on TSKgel
DEAE-NPR

A mixture of ovalbumin and trypsin in-
hibitor was separated under the same condi-
tions as in Fig. 3 except the gradient time
was varied between 1 and 40 min. Resolu-
tions as in Fig. 7.

1 I|l|1||| T LI B LI I
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Fig. 9 Dependence of resolution on sample
loading in the separation of proteins on
TSKgel DEAE-NPR
A mixture of equal amount of ovalbumin
and trypsin inhibitor was separated under
the same conditions as in Fig. 3. The sam-
ple loading was varied between 1.25 to 80
ug. Resolutions as in Fig. 7.
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BREoOZ L A7EERY, So0EhbEARE AR
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FAMWTATILENY FY oA v B Y — D5 B~
OHAMARBEOFELRL TS, 10ug (& Sug) %
TIH—EOFERERB LN TS, Fhll b cidsm
BEDETALGNS, KiZ, SEOBHS L s B4
WT, ABAFECH T3 -V IBo B b~
(Fig. 10), 5ug FTCIH—EDPE—7ERBLATVS
2, FRUEDOARECIIE— 7 IBBR L ICIE -7,
ThonzZ Ll BRY A7 HORARHATEZ,
AR L 32D OTBIEZONB, ¥ 5ug Th2
L&A 5%, ¥/, SP-NPR TLREBOERF BT S,
i, THpOENEEE o Xy B8 — T
LABATNEORF 2 1To7z, kL LCixmRoms
VARFVF—E¥ RNz, ARE 50ug &£ 200ug 2
v~v b5 A% Fig. 11 (DEAE-NPR) KUt Fig. 12
(SP-NPR) {2757 WFh 508 50 ug & 200 ug &
THRE— VIZREREZERI R BRIFCSBEE RT3, L
2L 200 ug Dbz L GHHENMET Lz, Lo TH
Wy o ) BORARBARBRIRMYOEEIC X 2F
Bl THEINED, BLE 200ug THBRLEILR
%,

DAl ¥8E oA BRUHEB S o0 BoRRRE
AREIC S VTR, ZhdiznFhbERD LI,
BRETAK L B L Thi Y /hEiE (DEAE-5PW
KUt SP-5PW 05100501 ) L72»>Twn5,

(6) &Ny HEEIRE
Table 1 % Uf Table 2 {% DEAE-NPR k& (8 SP-NPR
DYy BRENEERNERTH B, TRTAHE
Sug CEHEENBHLGETOREELRAEL 2,

| LI I T T T I LI [ T T T
04 % & 1
% 0/ /
= 03 | -0——0—0 o— -
5 w//”
sl
E 02 - .g——ao o o—" g
§ -0 © © o—
01 - -
0 Lol L R B | I T |
1 10

Sample Loading (uzg)
Fig. 10 Dependence of peak width on sample
loading in the separation of proteins on
TSKgel BEAE-NPR
Elution conditions as in Fig. 3.
Samples: (O) conalbumin; (@)
ovalbumin; (@) trypsin inhibitor.
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Fig. 11 Chromatograms of a crude sample of lipoxidase obtained on TSKgel DEAE-NPR
Sample loadings were 50 ug (left) and 200 ug (right). Elution conditions as in Fig. 3.
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Fig. 12 Chromatograms of a crude sample of lipoxidase obtained on TSKgel SP-NPR
A crude sample of lipoxidase was separated on TSKgel SP-NPR with a 10-min linear gradient of
sodium sulfate from 0 to 0.5 M in 20 mM acetate buffer (pH 4.5) at a flow rate of 1.5 mf/min. Sample
loadings were 50 ug (left) and 200 ug (right).
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Table 1 Recovery of proteins from TSKgel Table 2 Recovery of proteins from TSKgel
DEAE-NPR column SP-NPR column
Each protein of 5 ug was separated on Each protein of 5 ug was separated on
DEAE-NPR under the same conditions SP-NPR with a 10-min linear gradient
as in Fig. 3. The recovery was deter- of NaCl from 0 to 0.5M in 20 mM
mined from the areas of eluted peaks. phosphate buffer (pH 7.0) at a flow rate
Protein Recovery (%) of .1.5 mé@/min. The recovery was deter-
Thyroglobulin 100 mined from the areas of eluted peaks.
Ferritin 99 Protein Recovery (%)
y-Globulin 104 Hemoglobin 88
Bovine serum albumin 102 a-Chymotrypsinogen A 95
Hemoglobin 91 o-Chymotrypsin 100
Ovalbumin 103 Trypsinogen 87
B-Lactoglobulin 101 Lysozyme 96
Trypsin inhibitor 98 Ribonuclease A 95
Cytochrome ¢ 93
—_—~
I I I | | I |
0 1 2 3 4 5 6

Elution Time (min)
Fig. 13 Separation of protein A from recombinant E. coli product (upper) and from staphylococcus aureus
(lower) by ion-exchange chromatography on TSKgel DEAE-NPR

Conditions as in Fig. 3.
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-% £ D VY BOSEHC SN TIIER R TE B L
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; 2) mRsl

- (1) DEAE-NPR (&3O BODB

L Fig. 13 LEDPRLZ_BO w7 L AD

5 DEAE-NPR ic & 35844 — > &7, Repligen #

# DBEFMLRZ KBEESLD 7 774 At SDS-

3 VT2 VAT I RYVBIKBT, ErbETEoR

A B FYKEERD 7 r 71 AT 4 27 BEKE T

i EFRENY VNS RLAEREh TR NEME S . | | , ,
YAZEELTHREATWS, LarLedss, Fig. 0 2 4 6 8

i 13 TRt X5, WFhoRKHZRB W T ERO ©— Elution Time (vin)

LJ TROYanF-—Narobhsd, 2o ki, Fig. 14 Separation of a-chymotrypsin by ion-ex-
{.} DEAE-NPR it L 3A & v 587 v~ F 757 1 T& change chromatography on TSKgel
§ ; = 45 137 L bt s DEAE-NPR

§ KB IV BN SRENBOLADZ L ERELTY .a-Chymotr}"psil'l of 5 ug was separated
« %o &> T DEAE-NPR #%/-ix SP-NPR iz kX 51 + with a 20-min linear gradient of NaCl
":.‘“ VB e N5 T 4 A ESKEICR AMEF v from 0 to 0.5 M in 20 mM 1, 3-diamino-
DFRELTHATHS EEA bk, propanc HC1 buffer (pH 10.3) at 2 flow
i

5

% |

o R A T

| 1 [ | | | [ |
0 1 2 3 4 5 6 7
Elution Time (min)

Fig. 15 Separation of hexokinase by ion-exchange chromatography on TSKgel DEAE-NPR
A crude sample of hexokinase (25 ug) was separated under the same conditions as in Fig. 3.
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Kiz, DEAE-NPR 2k 3 a-% % M) 7> L ol
Fxv 7 &fTol, BBE LTIRHBERS Sug &
Wiz, 207 v= b5 A% Fig. 14 IZRLTW3, o
“FEM) SV IFEESSDEREME S L I ETh D
2%, WHEERIZ pH10.3 D1, 3-U7 3/ P u 2y —iaf
BEREFEAL, ooF T LY SV LR~ FROER
EHUE ¥ 5L DEAE-NPR | L, S EES T H3E]
BEThoire /7 r= | 7T BIZIX, WL B0 L
Bbhzb—2RUY 3 vy— 24 5h, DEAE-NPR
TOMEF =y V) NERATHBI L ERLTWB. %,
XTI TV UEBDLRBE AL L - DH T LB
HRERIZTIBET7 57 v 5 o L, BEREEERIRE
FRELILZA80%Chotr, T, 75233
% TSKgel Phenyl-5PW RP iz X 35482 u< h 75
7 CHIEREEZL, BME LI L 2HE LK.

RICHB S © R0 BOSEER~DIGH 2R 272,
Fig. 16 IO FEIGOMBHEE~F Y %+ —+ 25 g
% DEAE-NPR T&HHEtL, Bohizru= b FsaT
b 5. REFFFRIFL. 55D — & 2 ICBERIEM 234
bh, RICRTMIBOY S ABHE 7572 a L LT
BERBEMRIRELZAE LI L - 585% Tho7e, -,
7773 #lnT#BI e~ ST 012k 0
BEREEZTV, BRISEARC & 2HR L,

HBE v Ry BOSHRENEY S 5 —0) Fig. 16 107
LTV, CHhixHREOEBMY #5—+ 50ug »
DEAE-NPR CHBEL b D THB, I ¥ F— D L' —
7ERBRRTFz v s Ltk o 5, RICRT LS 2l

RIENEFD E— 2 YL TWew, ZoFaon
FLBHEE 7773 L, BRIEHEEINEK 2H -
LB, NLEWERBOA, 61T, M757
IEHHEI v NS T4 I MERER T,
Fig. 17 RFRT X3 C—KDAAM L = LB r— 2
EEUEERONERE— I RROAB, 2R Ehn
RUET—ERBLRATWE, P ¥5—F¥1L, 3FBEU
DB FEE P RIBTHBN, COLICBNER
RE LTS,

(2) SP-NPR (k3 Z /NI HEO5 B
BARBRE~DOISAMF L LT SP-NPR i2X 5t h~E
TREVRE V- ROZMERF Lz, /) a~zs s
R ECDREBIERFOR 7 Y —=0 72 ML LT,
i, BRABZBORMME D be—-1ofEL LT
EB&h, T TREKREENHEBIK E> T3, Fig.
18 IZRFTLHIEML2HTH Y a~E S vy (Hb A
LRbhaE-7 BZEHL, 245 BT 2~T 5
mty (HbAy) ov'—7 L RIFRSEIATVWS, &
DS ERE RO BEENSE S5 SP-NPR i3, V
TNEA LOBRERENVERS W ABEERRE~DOISH
WL Bbh s,

4. & b ¥

LAEo X 5iz, DEAE-NPR B (% SP-NPR izt 21
AU v NS5 T 40, EEICEOD IR ¢
WOBERELB OB, o T, SWEHIOR - K3E
RENZERBE, b3vid, KERY, £EEE0T

Elution Time (min)

Fig. 16 Separation of catalase by ion-exchange chromatography on TSKgel DEAE-NPR
A crude sample of catalase (50 ug) was separated under the same conditions as in Fig. 3. _
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Fig. 17 Purity test of catalase fraction by reversed-phase chromatography on TSKgel Phenyl-5PW RP
Commercial catalase (upper curve) and catalase fraction on TSKgel DEAE-NPR (lower curve) was
separated with 2-min linear gradient of acetonitrile from 5 to 20% followed by 48-min linear gradient of
acetonitorile from 20 to 80% in 0.05% TFA at a flow rate of 1 m@/min. The size of Phenyl-5PW RP col-
umn was 75X4.6 mm I.D.

BETRZOIHIEREEZ NS, Ei, ERBL AR
NDE Ry BOMERE, ik, BEEZENLEL
IHESFTIZLERATH B, SHITEIMTETAFOM
FUCALRNWE I R FEOKRE RS V37 BO5HEE~
NDHERABEZOLND, LALARNS, BTAHORER
PNZNZ Enh, ZIABETARICHERTRARKA
HERPR VDI, XIo TKERHN, KEFTR~DE
AICIETRETH D, L LKE, HERE ¢ EIRX
BENZ NS, HMERMOSEIZIEELTWS, BIF

EDPEWERTAK 25um) 2EHALTHWEDEN
/\,j BEOMENREZ LN DD, FLEIMTH B EIME
: : J | ; 1 FETAFL Y HEEMARE N KX, 35x4.6mmI D.
0 1 9 3 A 5 DHTHERTAL, FHE 1.5ml/min THLLED
Elution Time (min) EJ#E%i% DEAE-NPR, SP-NPR ! iz 100-150
Fig. 18 Separation of human hemoglobin standard kg/cm? T, A LERMEXRY,
by ion-exchange chromatography on ZDXHEEERF > TSKgel DEAE-NPR KOt
TSKgel SP-NPR SP-NPR RE#Eks n~< 5574 OMEREIL, #B

Human hemoglobin standard was

=3 Efkic ) Z o
separated with a 3-min linear gradient of RABELLETTob0LEROND

NaCl from 0.05 to 0.2M in 20 mM 34 g
bis-Tris-HClI buffer (pH 6.0) at a flow rate
of 1.5 m@/min and detected at 415 nm. 1) B. Anspach, K. K. Unger, H. Giesche and M. T.
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