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New Reversed-Phase Columns for High Speed Liquid Chromatography

Hiroyuki MORIYAMA
Masaaki SASAKI
Hiroo SASAKI

One of the defects of chemically-bonded packings for reversed-phase chromatography is the presence of
residual silanols which are responsible for unfavorable ionic interaction and hydrogen bonding. This
makes it difficult to perform satisfactory reversed-phase chromatography of polar compounds such as
peptides, proteins, polynucleotides, and polyphenolic compounds by the use of simple eluent systems.

Recently, we have developed two new reversed-phase packings, TSKgel ODS-120T and TSKgel TMS-
250, in which the effect of residual silanols is minimized. These packings are found to be quite useful
for the separation of peptides, proteins, and oligonucleotides. As compared o the conventional reversed-
phase packings, they can be used with simpler eluent systems of lower ionic strength and higher pH. This
is very important for preparative uses, because the recovery of pure sample from elution fractions becomes

much easier, We report herein the characteristics of these new packings and several application data.
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Table 1 TSKgel Reversed-phase packing list
Grade Particle Functional Column size | End cappin Solvent Bulk
size, ym group ppimg u
TSKgel ODS-120T 5 C18 4.6 mm o CH,OH/H,0 10g
(New) 10 (long chain) x 25 cm 7/3 108
TSKgel TMS-250 C1 4.6 mm CH3,OH/H;O
10 . O 58
(New) (short chain) x7.5¢cm 5/5
1 4,6 CH;OH/H,0
TSKgel ODS-120A ° cis mm x sOH/H, 108
10 (long chain) x 25 cm 7/3 108
TSKgel ODS-120T
1
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Fig. 1

Chromatogram of a mixture of aromatics

Column: See in figure (4.6 mmx25cm, 5 ym)

Eluent: Methanol
Flow rate: 1.0 ml/min
Detector: UV (254 nm)

Sample: 1. Phenol, 2. Benzene, 3. Naphtalene, 4. Anthracene,

5. Pyrene, 6. Chrysene
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Fig. 2 Chromatogram of p-Hydroxybenzoate
Column: TSKgel TMS-250 (4.6 mm x 7. 5cm, 10 pm)
Eluent: 50% Methanol in water '

Flow rate: 0.5 ml/min

Detector: UV (254 nm)

Semple: 1. phenol, 2, Ethyl p-hydroxybonzoate,
3. n-Propyl p-hydroxybenzoate, 4. n-Butyl
p-hydroxybenzoate,

TSKgel ODS-120T

TSKgel ODS-120A

-
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Fig:3 Chromatogram of trimethylbenzylammonium
chloride on TSKgel ODS-120T and ODS-

120A.
Column: TSKgel ODS-120T, ODS-120A (4.6 mm
x25cm, 5 ym)
Eluent: 50 mM Phosphate buffer (pHS6. 0)/CH,CN
=90/10

Flow rate: 1,0 ml/min,
Detector: UV (254 nm)
Sample: Trimethylbenzylammonium chloride.
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Fig.4 Chromatogram of 1-Methylnicotinamide
chloride of TSKgel ODS-120T, ODS-120A
and TSKgel TMS-250,

Eluent: 3% Methanol in water
Sample: 1-Methylnicotinamide chloride,
Other conditions as in Fig. 3.

(51

——— .



118 _ RHEENRES H27% %25 (1983)

& 4 TSKgel ODS-120A
3 -

5
2 =

Y

13

lo—=o O Q=0
0 -

1 1 ! 1 | i

pH

4
4o  TSKgel ODS-120T
3 -
5
2
T
13
lo—o——2o o
0 -
1 1 1 1 1 1

pH

Fig.5 Effect of pH of the mobile phase on the capacity factor of

catecholamines.

Column: See in figure (4.6 mm x 25 cm, 5u4)

Eluent: 0.1 M Phosphate buffer

Flow rate: 1 ml/min

Detector: UV (254 nm)

Sample: 1. Norephinephrine, 2.
amine, 4, DL-DOPA, 5.
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Fig.6 Chromatogram of catecholamines under each
pH on TSKgel ODS-120T and ODS-120A
Columm: See in figure,
Eluent: 0.1 M Phosphate buffer (pH 6.0, 3.0)

Flow rate: 1.0 ml/min
Detector: UV (254 nm)

L 1 1 1

Fig.7 A Y =27+ VEOREEL b H Sample: 1, Norepinephrine 2, Epinephrine, 3, 3, 4-
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Fig.7 Effect of pH of the mobile phase on the capacity factor of

oligopeptides.
Column: TSKgel ODS-120T and ODS-120A. (4.6 mm x 25 cm)
Eluent: 50 mM Phosphate buffer/CH;CN=78/22

119

Flow rate: 1,0ml/min
Detector: UV (220 nm)

Sample: 1. Bradykinin, 2, Angiotensin III, 3. Angiotensin II, 4, Angi-

otensin I

3
TSK gel ODS-120T

1

2 TSKgel ODS-120A
e ‘2 “
2
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Fig.8 Chromatogram of bradykinins

Column: See in figure.

Eluent: 0.05% TFAaq/CH;CN=8/2

Flow rate: 1,0 ml/min

Detector: UV (220 nm)

Sample: 1, Lys-Bradykinin, 2. Met-Lys-Bradykinin,
3. Bradykinin
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%, TSKgel ODS-120A wi%, pH w kX < KEL T
%, Fig.-8 wiR3 X 512, Bradykinin BIg# o 4kt
IZE\Th, TSKgel ODS-120T Ti BIF/iiEy &
Z T3,

5. TSKgel ODS-120T & TMS-950(cD W\ T

TSKgel ODS-120T i3, F& L TR7F FREST
BXVAVEETORMY BN E UM TAFITS
57, BEEMZEL L, o RiT—jEo ODS » 5

Cytochrome ¢

12f TSK gel TSKgel
" TMS 250 ODS-120T
8 |
e 6

4 -

2 =

0F

1 1 I i 1 1 1
22 24 26 28 30 32 34
CHiCN v/v%
Insulin
12 TSK gel
ODS-120T

10

8 =

® gl
4 TSKgel
TMS-250
2}
0 -

22 24 26 28 30 32 34
CHsCN v/v%
Fig.9 Effect of Organic modifer concentration on

the capacity factor of insulin and cytochrome c
Column: See in figure
Eluent: 0.05% TFAaq/CH;CN
Flow rate: 1.0 ml/min
Detector: UV (220 nm)
Sample: See in figure each 10 ug.
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Fig.10 Comparison of elution profiles of protein mixture on TSKgel reversed-phase

packings,

Conditions: Column; See in Figure. (4.6 mm x7.5cm, 10 gm.,)

Eluent; 0,05% TFAaq (pH 2.23)/CH,CN, 90/10~——50/50 60 min linear gradient.

Flow rate: 1 ml/min.
Sample; 1. Ribonuclease A, 2.

Cytochrome c, 3,

5. Ovalbmin. Detector; UV (220 nm.).
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Fig.11 Separation of dipeptides
Column: TSKgel ODS-120T (4.6 mm x
25 cm, 10 pm)
Eluent: 202 Methanol in water
Detector: UV (210 nm)
Flow rate: 1,0 ml/min
Sanple: 1, Alanyl-valine 2, Leucyl-alanine,
3. Alanyl-leucine, 4, Alanyl-phenylalanine,
5. Phenylalanyl-glycine 6. Tyrosyl-leucine,
7. Valyl-phenylalanine
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Fig.12 Separation a mixture of peptides on TSKgel
ODS-120T
Column: TSKgel ODS-120T (4.6 mm x 25 ¢m, 10 pm)
Eluent: (A) 20% CH,CN in 0.05% TFAaq
(B) 50% CHsCN in 0,.05% TFAaq
From (A) to (B) in 60 min linear gradient
Flow rate: 1.0 ml/min.
Detector: UV(220 nm)

Sample: 1. TRH 2. LH-RH 3. «a-Endorphin
4. Angiotensin II 5. Angiotensin I
6. Substance P 7. Somatostatin
8. p-Endorphin 9. Human calcitonin
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Fig.13 Separation of a mixture of oligodeoxynuc-
leotides on TSKgel ODS-120T with
stepwisegradient.

Column: TSKgel ODS-120T (4, 6 mm x 25 ¢m, 5 gm)

Eluent: 5% CH4CN 5min, 6% CHCN 8 min, 6,5%

CH;CN 20 min, 5% CH,CN in 25 mM Phosphate
buffer (pH 6.9)

Flow rate: 1,0 ml/min

Detector: UV (260 nm)

Sample: 1, p(dA), 2.

4. p(dA) 5.

p(dA)s 3. p(dA)s
p{(dA)gz each ca. 1 pg
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Fig.14 Separation of protein mixture
Column: TSKgel ODS-120T (4.6 mm x 25 cm)
Eluent: (A) 20% CH,CN in 0,05% TFAaq (pH 2.22)
(B) 95% CH;CN in 0.05% TFAagq (pH 2.22)
From (A) to (B) in 50 min Linear gradient
Detector: UV (220 nm)
Flow rate: 1,20 ml/min
Sample: 1, Ribonuclease A, 2, Cytochrome c,
3. Lysozyme, 4, a-Chymotrypsinogen A,
5. Ovalbumin (each 5ug)
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Fig.15 Separation of a mixture of proteins on
TSKgel TMS-250,
Column: TSKgel TMS-250 (4. 6mm x7.5 cm)
Eluen: (A) 20% CH,CN in 0,05% TFAaq
(B) 95% CH;CN in 0.05% TFAagq
From (A) to (B) in 60 min linear gradient,
Flow rate: 0,61 ml/min
Detector: UV (220 nm)
Sample: Each 5 pg. 1,
2. Cytochrome ¢ 3.
5. Aldolase 6,
7. Ovalbumin

Ribonuclease A
Lysozyme 4, BSA
Carbonic anhydrase
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Fig.16 Separation of human serum
Column: TSKgel TMS-250 (4.6 mmx 7.5

Eluent: (A) 30% CH,;CN in 0,05% TFAaq

(pH 2, 22)

(B) 95% CH,CN in 0.05% TFAaq

(pH 2. 22)

from (A) to (B) in 80 min Linear gradient

Flow rate: 0.61ml/min
Detector: UV (220 nm)
Injection volume: 20 p¢ (total protein 150

Table 2 Recovery of proteins on TSKgel TMS-250

lsoaalalipI}g Cytochrome ¢ = BSA  Ovalbumin
50 pg 93% 103% 81%

25 ug 97 103 81

10 pg 99 98 85
218 99 104 86

Conditions

Column: TSKgel TMS-250 (4,6 mm x7.5cm)
Eluent: 0,05 % TFAaq/CHsCN

80/20—5/95 60 min Linear gradient,
Flow rate: 0.5 ml/min
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30 Retention time (min)

GFC of the fraction
cm) column: TSKgel G3000SW
(7.5mm x 60cm)
Elcient : 20mM Acetate buffer
(pH5.85)40.15M NaCl
Flow rate: 0.5 ml/min
Detector : UV (220 nm)
Injection Volume: 100 gf
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