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Recent Advance in High-Performance Liquid Chromatography of

Proteins, Peptides, and Nucleic Acids on Non-porous Packings

Shigeru NAKATANI
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Yosuke YAMASAKI
Katsuo KOMIYA
Yoshio KATO

High-performance liquid chromatography on non-porous packings is an efficient tool for the rapid separa-

tion of proteins.

tion of peptides and nucleic acids.

We have recently demonstrated that the non-porous packings are also useful for the separa-

In the present paper, new applications of these packings to the separation

of proteins, peptides and nucleic acids are reviewed briefly.
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Fig. 1. Relationship between HETP and flow rate

LaB), 2 ARHE AT RS IC s\ T hHEE L
TVBW, zoHbR L, BHHI w574 —
F8) s T ORHUKMES m< b5 7 ¢ — 78 FEL L
MFEHEZBER L, 2o 0 BORRETRIF PO
DS M~DIGA 2R RA T 5, ARTiE, LML
ERC LB F 0 - 27T R - EEBO S DT

b5,
2. BUINTHEODE

(1) MEREADIGH

Fig. 2 lcf 4 D BE LIS A RER OB K 2R
o R L RFE 2.5 um DIRL ALIEBUKMEBINE DX
M SEEEEZEALICEOTH B,

Fig. 3, Fig. 4 icA A V&M s a= 7574 —RAFE
#i#) TSKgel DEAE-NPR % % %7 BOMERTEIC
AV ERT, E FeXxy 7384 b rawbr57
« — AFER TSKgel HA-1000 i X 9 <=7 ZMEK» 5
/7w —F AR ESBERBE L (Fig. 3), TSKgel
DEAE-NPR iz & v IgG Mg offiEiEE st~ s &
% (Fig. 4), TAVTI v b T vAT Y g YORM
T3 e A Pl T VBT Edibhh - T, E12, Fig.
5 icdikthks v~ 27570 —HARER TSKgel
Butyl-NPR (¢ X 5%€ / 7 v —F WALEO G HEE R T,
TUTI o bT 27l it IgG izl _THukE
mEL, M35 LV EIRETRIFICTEES LTV 5,
TR ZEE ST T ATI VRN T AT x ) Ui
T ARENEILICEHB Licky, ol
fEwEL e & b,

Fig. 6., Fig. 7 IciiBUER ~ ) 7'y U ERFICHFAT
Bo- Y PV ER-NY TV OGBERIRT, TEMEAL

Non-Porous Packing Materials

Name Ligand Ligand content

(mmol/mp)
DEAE-NPR diethylaminoethyl 0.13
SP-NPR sulfopropyl 0.08
Octadecyl-NPR octadecyl 1.0
Butyl-NPR butyl 0.1

Column size: 4.6 mm [.D. x3.5 ecm

Non-porous resin
(hydrophilic)

dp=2.5 um

Fig. 2 Schematic representation of TSKgel NPR
Series
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Fig. 3 Separation of monoclonal antibody from Fig. 5 Separation of monoclonal antibody (IgGy)
ascites fluid by high-performance hydrox- from ascites fluid by high-performance
yvapatite chromatography on TSKgel hydrophobic interaction chromatography
HA-1000 on TSKgel Bytyl-NPR

Column :TSKgel HA-1000 (75X7.5 Column : TSKgel Butyl-NPR (35 % 4.6
mm [.D.4+10X6 mm 1.D.) mm L.D.)

Sample :anti-chicken 14 K lectin, Sample :anti-chicken 14 K lectin,
ascites fluid (1.52 mg in 0.1 ascites fluid (38 ug in 2.5 uf )
mo) Elution : 10 min linear gradient of am-

Elution :step gradient of sodium monium sulfate from 1.5 M to
phosphate (pH 5.8) from 60 to 0 in 0.1 M sodium phosphate
150 mM at 12 min, followed (pH 7.0)
by 300 mM at 24 min and Flow rate: 1.0 m@/min
500 mM at 36 min Temperature : 25°C

Flow rate: 1.0 m&/min Detection: UV (280 nm)

Temperature : 25°C
Detection: UV (280 nm)

(rN (B} (@]

Elution Time (min)
Fig. 4 Purity check of monoclonal antibody fraction obtained from TSKgel HA-1000 by high-performance
ion-exchange chromatography on TSKgel DEAE-NPR
Column : TSKgel DEAE-NPR (35%4.6 mm 1.D.)
Sample :anti-chicken 14 K lectin, A. ascites fluid (76 g in 5 u0 ), B. unbound fraction (100 u0 ),
C. bound IgG fraction (100 u0 )
Elution : 10 min linear gradient of NaCl from 0 to0.5 M in 50 mM Tris-HCI (pH 8.5)
Flow rate: 1.5 m0/min
Temperature : 25°C
Detection: UV (280 nm)
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Fig. 6 Separation of trypsin by affinity
chromatography on TSKgel STI-5PW
Column :TSKgel STI-5PW (40x6
mm [.D.)
Sample : bovine pancreas trypsin (0.5
mg)
Eluent :A; 0.1M citrate-phosphate
buffer+0.5 M NaCl (pH 7.0),
B; 0.1 M citrate-phosphate
buffer+0.5 M NaCl (pH 3.0)
Elution : A—B 60 min linear gradient
Flow rate: 0.8 m0/min
Temperature : 25°C
Detection: UV (280 nm)
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Fig. 7 Separation of trypsin by hydrophobic in-
teration chromatography on TSKgel
Butyl-NPR

Column : TSKgel Butyl-NPR (35Xx4.6
mm [.D.)

Sample : bovine pancreas trypsin; (A)
original sample (10 ug), (B)
fraction 1, (C) fraction 2

Elution : 10 min linear gradient of am-
monium sulfate from 2 to 0 M
in 20 mM Tris-HCl buffer,
pH.7.5

Flow rate: 1.0 m&/min

Temperature : 25°C

Detection: UV (280 nm)
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Fig. 8 Separation of protein A by reversed-phase
chromatography on TSKgel Oc-
tadecyl-NPR

Column :TSKgel Octadecyl-NPR
(35X4.6 mm 1.D.)

Sample : Staphylococcus aureus protein
A

Elution :10min linear gradient of
acetonitrile from 15 to 80% in
5 mM HCIO,

Flow rate: 1.5 m0/min

Temperature : 25°C

Detection: UV (220 nm)
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Fig. 9 Separation of beef-soybean protein mixture by reversed-phase chromatography on TSKgel Oc-
tadecyl-NPR
Column : TSKgel Octadecyl-NPR (35%4.6 mm 1.D.)
Sample : (a) beef protein (20 ug in 18 ub), (b) soybean protein (10 ug in 6 uL), (c) beef-soybean
protein mixture(10 ug each)
Elution : 10 min linear gradient of acetonitrile from 5 to 80% in 100 mM HCIO,
Flow rate: 1.5 mé/min
Temperature : 25°C
Detection: UV (220 nm)
Arrows indicate characteristic peaks of soybean protein.

A pork B ham
0,01
AU
N Column :TSKgel Octadecyl-NPR
(35x4.6 mm 1.D.)

Sample : (a) pork protein (extracted at
80°C, 5 ug in 63 u), (b) ex-
tract of ham (5 ug in 56 ul)

- _ Elution :10min linear gradient of
1 1 1 1 1 1 | 1 1 : H :
kB 5 b —(')— 2' PR 1'0 acetonitrile from 5 to 80% in
Elution Time (min) 100 mM HCIO4
Fig. 10 Separation of food protein by Flow rate: 1.5 m0/min
reversed-phase chromatography on Temperature : 25°C
TSKgel Octadecyl-NPR 2 Detection: UV (220 nm)
9 IWHRAY v AT BEEKRES s HE TSKgel Oc- Pl &4, Fig. 10(a) ERAMBED 7 v= 7S5 4,
tadecyl-NPR THEELicb & D7 n< k7T b kTT, Fig. 10(b) iZfKA, MM S v s BRI U Z v
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LIGHER LD E -7tk » THERARS AT 2K T MEOT v~ k77 MER UBEHMBIC A =2
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{ Table 1 Recovery of proteins with 400 ng loads
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Column Protein e((:(%ery Sample Loads (ng)

S - Fig. 12 Relationship between sample loads and

DEAE-NPR ovalbumin 103 peak area of eluate in the separation of

soybean trypsin inhibitor 98 proteins by reversed-phase chromato-
I 186Gy 89 graphy on TSKgel Octadecyl-NPR
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Fig. 13 Separation of a protein mixture by rever-

7 sed-phase chromatography on TSKgel

Octadecyl-NPR

Column :TSKgel Octadecyl-NPR
(35%4.6 mm 1.D.)

Sample : 1. ribonuclease, 2. insulin, 3.
cytochrome c, 4. lysozyme, 5.
transferrin, 6. myoglobin (50

ng each)

0 Hlm z(lm 3(130 460 Elution :10min linear gradient of

: Sample Loads (ng) acetonitrile from 15 to 80% in

i Fig. 11 Relationship between sample loads and 5 mM HCIO,
! peak area of eluate in the separation of Flow rate: 1.5 m@/min

: proteins by ion-exhange chromatography Temperature : 25°C

: on TSKgel DEAE and SP-NPR Detection: UV (220 nm)

Peak Area

lysozyme
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Fig. 14 Separation of hexokinase by ion-ex-
change chromatography on TSKgel
DEAE-NPR
ISOZI(rilipnlge : 500 ng
Elution :10min linear gradient of
NaCl from 0 to 0.5 M in 20
mM Tris-HCl buffer (pH 8.0) . . :
Flow rate: 1.5 m#/min 0 Elution jime (i) B
Tempera?ure: 25°C Fig. 15 Separation of synthetic peptide by
Detection: fluorescence (ex.; 280 nm, .
high-performance reversed-phase
em.; 340 nm)

Recovery of enzymatic activi-
ty was 80%.
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TSKgel Octadecyl-NPR iz X 2 &H-<7F Foo8#
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chromatography on TSKgel Oc-
tadecyl-NPR

Column :TSKgel Octadecyl-NPR
(35x4.6 mm 1.D.)

Sample : dodecapeptide (EAEDLQVG-
QVCG, 10 ug in 10 ub)

Elution :20min linear gradient of

acetonitrile from 0 to 80% in
0.1% TFA

Flow rate: 1.5 m@/min

Temperature : 25°C

Detection: UV (215 nm)

¥, Fig. 15 17 2 VBRI LR D EMLATF Fo
70w b LTHD, TMMIWEL L, BERSAR
ENTWBZ Enbnsd, —F, Fig. 16 137 3 /32
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FEAMFTIEF T RAEBE VN S Ie ), I TSI
ICHRTERREDEARZ 2, Licd T, iR
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Fig. 16 Separation of synthetic peptide by
high-performance reversed-phase
chromatography on TSKgel Oc-
tadecyl-NPR

Column :TSKgel Octadecyl-NPR
(35X4.6 mm L.D.)

Sample : triacontadipeptide (EAEDL-
QVGQVELGGGPGAGSL-
QPLALEGSLQC, 12ug in
12 ub)

Elution :20 min linear gradient of
acetonitrile from 0 to 80% in
0.1% TFA

Flow rate: 1.5 m@/min

Temperature : 25°C

Detection: UV (215 nm)

| 1 |
0 2 4 6 8
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Fig. 17 Separation of tryptic digests of BSA by
reversed-phase chromatography on

TSKgel Octadecyl-NPR Ve

(10)

N Column :TSKgel Octadecyl-NPR

(35x4.6 mm 1.D.)

Sample : Tryptic digests of reduced
and S-carboxymethylated
BSA (10 ug)

Eluent A : 1 mM sodium dodecyl sulfate
in 50 mM phosphate buffer,
pH 2.8

Eluent B : 60% acetonitrile in eluent A

Elution ;10 min linear gradient from
eluent A to eluent B

Flow rate: 1.5 mé/min

Temperature : 25°C

Detection: UV (210 nm)
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Fig. 18 Separation of peptides by ion-exchange
chromatography on TSKgel SP-NPR

Column :TSKgel SP-NPR (35%4.6
mm 1.D.)

Sample :1. y-endorphin (0.25 ug), 2.
bombesin (0.5ug), 3.
calcitonin (0.25ug), 4.
substance P (0.5 ug), 5. in-
sulin (0.5 ug), 6. f-endorphin
(1ug), 7. VIP (1pg), 8.
parathyroid hormone (0.5 ug)

Elution :10min linear gradient of
sodium sulfate from 0 to 0.15
M in a mixture of 20 mM
acetate buffer (pH 3.5) and
acetonitrile (60/40 by volume)

Flow rate: 1.5 m&/min

Temperature : 25°C

Detection: UV (215 nm)
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Fig. 19 Separation of a mixture of oligo-
nucleotides by ion-exchange chromato-
graphy on TSKgel DEAE-NPR

Column :TSKgel DEAE-NPR
(35X4.6 mm 1.D.)

:a mixture of oligoadenylic
acids with chain length of 1,
2,3,4,5,8,10,12, 16 and 20
nucleotides (0.1 ug each)

:20 min linear gradient of
NaClO, from 0 to 0.4 M in 20
mM Tris-HCIO, buffer (pH
9.0)

Flow rate: 1.5 m&/min

Temperature : 25°C

Detection: UV (260 nm)

Sample

Elution

5, #8g Lo ERHI TR R TOBI T 5,
DEn ko, AV ITX7 vAdF FeEAEDE, i
W DEGDOWTHICE ST o T 285 TY, G
HCESHENE oD, Fig. 22, Fig. 23 [C & A Y
IX 7 LAF K 17 mer, 48 mer O EERRT, W
b D BERFRIIL 100 AP Th » 7o 17 mer TREAA A
Wipd, RERLSARINTVWBZ Edbnd, L,
48 mer TRV ORMBHIEEN, AHADHEY 5
ELfTbh TRV EXbrd, DX 5ic, FELFL
YA A VA BRI L Y, ARA Y TR LA F Roflis
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Fig. 20 Separation of oligonucleotides by ion-exchange chromatography on TSKgel DEAE-NPR

Flow rate: 1.0 m&/min
Temperature : 25°C
Detection: UV (260 nm)
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0 2 4 6 8 10
Elution Time {min)

Fig. 21 Separation of oligonucleotides by ion-ex-
change chromatography on TSKgel
DEAE-NPR

Column :TSKgel DEAE-NPR
(35%x4.6 mm I.D.)

Sample : 1. tetraadenylic acid (0.1 ug),
2. tetracytidylic acid (0.2 ug),
3. tetrathymidylic acid (0.1
ug) 4. tetraguanylic acid (0.4
ug)

Elution :20min linear gradient of

NaCl from 0 to 1 M in 20 mM
1, 3-diaminopropane-HCl
buffer (pH 10.5)

Flow rate: 1.5 m@/min
Temperature : 25°C
Detection: UV (260 nm)

(12)

: TSKgel DEAE-NPR (two 35X 4.6 mm 1.D. columns)
- hydrolysate of polyadenylic acid containing heptadecamer —ca. hectomer
: 60 min linear gradient of NaCl from 0.25 to 1 M in 20 mM Tris-HCl buffer (pH 9.0)

L

1 | | 1

0 2 4

6 8 10 12

Elution Time (min)

Fig. 22 Separation

of synthetic oligonucleotides

by ion-exchange chromatography on
TSKgel DEAE-NPR

Column

Sample

Elution

Flow rate
Temperature
Detection

:TSKgel

DEAE-NPR
(35x4.6 mm L.D.)

: synthetic oligonucleotide, 48

mer d(AGCTAGTCA
CGTACTGATGCAT
CGGACTGATCGCA
TGCTAGTACGTCA),
6 ug)

:20 min linear gradient of
NaClOy from 0 to 0.4 M in 20
mM 1,3-diaminopropane
~HC1 buffer (pH 10.5)

: 1.5 mf/min

: 25°C

: UV (260 nm)
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Fig. 23 Separation of synthetic oligonucleotides
by ion-exchange chromatography on
TSKgel DEAE-NPR

Column :TSKgel DEAE-NPR
(35x4.6 mm L.D.)

Sample : synthetic oligonucleotide, 17
mer (A(GTAAAACGA
CGGCCAGT), lug

Elution :20 min linear gradient of

NaClOy4 from 0 to 0.4 M in 20
mM Tris-HCI buffer (pH 9.0)
Flow rate: 1.5 mf/min
Temperature : 25°C
Detection: UV (260 nm)
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Fig. 24 Separation of tRNA from E. Coli by
ion-exchange chromatography on
TSKgel DEAE-NPR

Column :TSKgel DEAE-NPR
(35X4.6 mm 1.D.)

Sample :tRNA (E. coli MRE600, 4 ug)

Elution :40 min linear gradient of

NaCl from 0.35 M to 1M in
20 mM Tris-HCI buffer (pH
7.5)

Flow rate: 1.5 m@/min

Temperature : 25°C

Detection: UV (260 nm)
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Fig. 256 Separation of pBR322-Haelll digest by
high performance
chromatography on TSKgel DEAE-NPR

ion-exchange

Column :TSKgel DEAE-NPR
(35x4.6 mm 1.D.)

Sample :pBR322-Haelll digest (4.8 ug
in 8 ul)

Elution :0.1min linear gradient of

NaCl from 0.25 M to 0.45 M
followed by 2.9 min linear gra-
dient of NaCl from 0.45 to
0.5 M and 57 min linear gra-
dient of NaCl from 0.5 to 1.0
M in 20 mM Tris-HCl (pH
9.0)

Flow rate: 1.5 m@/min

Temperature : 25°C

Detection: UV (260 nm)
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Fig. 26 Separation of ADNA-HindIl digest by
ion-exchange chromatography on
TSKgel DEAE-NPR

Column :TSKgel DEAE-NPR
(35x4.6 mm 1.D.)

Sample : ADNA-HindII digest (2 ug in
4 ub)

Elution :10min linear gradient of

NaCl from 0.5 M to 0.1 M in
20 mM Tris-HCl (pH 9)
Flow rate: 1.0 m8/min
Temperature : 25°C
Detection: UVabsorbance at 260 nm
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Fig. 27 Separation of rRNA from E. Coli by
ion-exchange chromatography on
TSKgel DEAE-NPR

Column :TSKgel DEAE-NPR
t (35X4.6 mm 1.D.)
. Sample :16S, 23S rRNA (E. coli
: R-13, 0.1 unit)
'-. Elution :60 min linear gradient of

NaCl from 0.5 to 1M in 20
. mM Tris-HCI buffer (pH 7.5)
| Flow rate: 1.5 m@/min

Temperature : 25°C

Detection: UV (260 nm)
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