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� �

��� �� �� buffer� 	
� ��
 ��� ��� ����� ���� ��� RP-HPLC� ���� ��� !.

"�# ��� !$ %& nucleotides(5'-CMP, 5'-UMP, 5'-GMP, 5'-IMP, 5'-AMP), buffer'
� sodium phosphate monobasic(

acetic acid� "�� ) 	
� 0.01-10 mM*& +,�-!. Buffer� 	
. ��/0� 12 3 %& 456 789�

:;� ) sodium phosphate monobasic( acetic acid� 	
� ��
 �1<=� 0.99��>' <? @( �� @( A

BC� !.

Abstract − To estimate the retention behavior of ionized solute by the buffer concentration in mobile phase, the experiments

were carried out by RP-HPLC(Reversed-Phase High Performance Liquid Chromatography). Five nucleotides(5'-CMP, 5'-UMP,

5'-GMP, 5'-IMP, 5'-AMP) were used as solutes. Buffers(0.01-10 mM) were sodium phosphate monobasic and acetic acid. We

proposed the two nonlinear model equations in terms of buffer concentration to predict the retention factors. It showed the

regression coefficients for the concentration of sodium phosphate monobasic and acetic acid were above 0.99, so the calcu-

lated by the model equations and experimental value were in good agreements.
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1. � �

Nucleotides� ���� �� �	
 DNA� ���	
 ����,

D-ribose, 
� 3��� ��� ��� ��� ���� ����� .

Nucleotides� nucleosides� 3'!� 5'" 
�� "#$% ��&
 '�

( �)* �+, - . Nucleotide� �.�/ 01 adenosine-5'-triphos-

phate(ATP)� �2345"6 /7� 89� � . ATP� ADP: ;

�
�&
 �<�=> ?  @� �9 �A� "B+* CD�E


���F"6 "B+ GH� I( J�� KL MN "B+* O7


�� �� F 45" PQ� . RS, adenosine� 3'T 5'" 
��

UV� phosphodiesterW&
 ��� adenosine-3', 5'-monophosphate

(cyclic AMP, cAMP)� XY)Z" /7� 89� � . �[" /7�

\)]^
 NAD, NADP, FAD, Coenzyme A, vitamine B12 _. nucleo-

tide� �.�� [1].

Reversed-Phase High-Performance Liquid Chromatography(RP-HPLC)

� 9` Va� b��� �c�� Xde
 �c��
 MN f9g�

� '�K, - [2-4]. RP-HPLC"6 �hVN �T �\  iN j

�� �+� klm, nopq�rs� I
 Y9( . �t� �hV"

9=K� �	N I
 j�� uvq 9=Kw �x&
 yz� . ,

{V&
 |�� �	N }j�� u� C18�q C8� Y9� . 9=

Kw �x&
 yz�� �	N ~� � j�� \�� ?�" }j�


 ,{V" ���+ �, �
 9DKw �c� w�� � . �h

V" �� ���Q ��9`� ��w �c�,� �� �	� �x

2* C=�Q }j�� ,{V" ���� �&
� �c� 9���

� [5]. �hV� pH" �� ��� ��vh" �� '�� MN '

��" �=6 �dK� [6-8]. Rtq �hV� pH* �{�� ��

~� w�, ~ ���  h�� pH* ��� w� . !� buffer�

��" �� ��vh� �2* � < � . �t� w��� =���

��Q � '�"6� �hV� pH� �2* X��Q �hV F� buffer

�  .� �2" �� ��� ��vh� ¡��&
� buffer�  .

� �x� ��� ��" ¢£� ¤¥� '��Q buffer�  ." �

� ��� ��vh� ¦��� �� [9, 10].

� '�� §eN  ¨ �+ nucleotides, cytidine-5'-monophosphat

disodium salt(5'-CMP), uridine-5'-monophosphate disodium salt(5'-UM

guanosine-5'-monophosphate disodium salt(5'-GMP), inosine-5'-mo

phosphate disodium salt(5'-IMP), adenosine-5'-monophosphate disod
626
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o-

o-

ium
salt(5'-AMP)� ��vh� �-klm� ���© �hV" sodium phos-

phate monobasic !� acetic acid* ���Q buffer�  ." ��

��vh� ¡��� �� ª«¬� ��� �� .

2. � �

,{V� C18
 }j�� �	� �+, -&E
 �x&
 9=Kw

-� �	N ,{V" v� ���+ �� . 9=Kw ­�x&
 y

z�� ��� }j� ,{V"6� ��
�(k)�  ­T ®� �x&


 yz¯ ?� ��
�(k−): }�x&
 yz¯ ?� ��
�(k0)�

�&
 q°± < - .

k=k0(1−F−)+k−F− (1)

Q�6 F−� �hV F"6 �x&
 yz�� ��� ²�³� . ª

´ ��� �hV" 9=Kw +1�� µ�x� F\F, −1�� ­

�x&
 yz� , �{�¶ F−�  ­T ®� d·¯ < - .

(2)

(3)

Q�6 KS� ��� �x2 V<�, SC� �x2K� ��� ��

� �)¬� q°F, �/"6 S−� ­�x� �)¬, C+� µ�x

� �)¬� Xd� .

¬ (1)" ¬ (3)� X¸�¶ n¹: ®N ¬� �� < - [10].

(4)

¢@� ��* I¸º� »�" �hV" -� µ�x C+� buffer"

�=6� ¼½( , �{̄ < - . +1�� µ�x� ¼½�� buffer

� �x2 V< KB�  ­T ® .

(5)

Q�6 BC� buffer� �)¬� Xd�L B−� buffer"6 q¾� −1

� �x� Xd� . C+�  .* �hV F� buffer�  ." X�

�<
  ­T ®� ¿WT ¼ÀÁ� }¿W&
 �{�Â .

(6)

(7)

¬ (6)T ¬ (7)"6 CB� �hV F"6� buffer�  .�, K1, K2

� �� V<� . ¬ (6)T ¬ (7)� ¬ (4)" X¸�¶ buffer�  .

" �� ��
�� �< ¬� �� < -&L  ­T ® .

(8)

(9)

�� ¬ (8)T ¬ (9)� �hV F"6 buffer�  ." �� ��
�

� �2* q°F� 4 ��¬(semi-empirical equation)� ¼Ã�Â .

Ä¬"6 Å�( Æ �+ ~Ç�< k0, k−, K1/KS, K2/KS� }¿W ÈÉ

�cÊ /"6 Levenberg-Marquardt Ëe2" ��Q ��Â&L �

Ì.: Í9¾Î� ÏÏ 0.95, 0.05Â .

3. � �

� ��"6 Y9( nucleotide� cytidine-5'-monophosphate disodium

salt(5'-CMP), uridine-5'-monophosphate disodium salt(5'-UMP), guan

sine-5'-monophosphate disodium salt(5'-GMP), inosine-5'-monoph

sphate disodium salt(5'-IMP), adenosine-5'-monophosphate disod

salt(5'-AMP)
 Fluka"6 �¸�Â&L �hV&
 |
 �N Ð�Ñ

£
 Ð��Q ULTRA-PURE WATER SYSTEM Milli-Q50(Millipore)*

�9�Q 18 MΩcm� ÒÓ<* ��w Y9�Â&L klmN HPLC-

grade* J. T. Baker"6 �¸�Q Y9�Â . �hV� pH* )Z��

�=6 Y9( Ô �+ buffer� acetic acid, sodiumphosphate monobasic�

 . HPLC columnN 0.39Õ30 cm� empty column" Lichrospher 100

RP-18(15µm, MERCK) packing� �Ö�Q Y9�Â .

HPLC� WatersY� 616 pump: 600S controller, 2487 detector* Y

9�Â . �×N 1 ml/min&
 ,{�Â,, �hVF� klm� )�

N 5, 10, 15, 20 vol%
 �2�Ø .�hV F" buffer�  .� acetic

acid� »� 0.08734"6 9.78251 mM
 �2�Q ���Â,, sodium

phosphate monobasicN 0.0099"6 8.992 mM
 �2�L ���Â .

SampleN 150 ppm� <9`� ��w 20µl* I¸�Â . ª´ ��

N Vx"6 Ù�Â .

4. �	 
 ��

¬ (8)T ¬ (9)� �hV F� buffer�  ." �� ��� ��


�* �{�� model ¬&
   ̈�+� 5'-nucleotides" X=6 acetic

acid* buffer
 Y9�Â� ?" Ô �+ }¿W ª«¬, ¬ (8)T (9)

� parameter* Table 1" q°F� . Table 2� buffer
 sodium pho-

sphate monobasic� Y9�Â� ?� ¬ (8)T (9)� parameter* \�

, - . Buffer
 acetic acid* Y9�Â� »�" ¬ (8)" X� V

P©<(regression coefficient)� 0.999-0.936�, ¬ (9)" X� VP©<

� 0.998-0.890
 ¬ (9)\ � ¬ (8)� Ú �£�, - . �:� X

)e&
 buffer
 sodium phosphate monobasic� Y9�Â� »��

VP©<� ¬ (8)� »� 0.996-0.988�, ¬ (9)� »�"� 0.996-0.989


 ¬ (8)\  ¬ (9)� Á^�+� }Ûe Ú �£�, -­� \�,

- . ¬ (8)T (9)� Î�ÜN µ�x�  .* �{�� CÊ" - .

¬ (8)N �hV F� µ�xN �hV F� buffer�  .(CB)� 1Î"

}Ý�� ¬ (6)� Y9�Â, ¬ (9)� �hV F� µ�xN �hV

F� buffer�  .(CB)� ¼ÀÁ" }Ý�� ¬ (7)� Y9�Â . �

: ®N Î�Ü� ,�= Þ ?" acetic acid"6 q¾� µ�x H+

�  .� acetic acid�  .� 1Î" }Ý�� ¬ (6)" �=6 ß�

¯ < -&L sodium phosphate monobasic"6 q¾� µ�x Na+

�  .� sodium phosphate monobasic�  .� ¼ÀÁ" }Ý��

¬ (7)" �=6 ß�¯ < - . �à6 Y9( buffer� ��" �à

6 buffer�  ." }Ý�� {.� áàâ� � < - .

Fig. 1T 2� buffer
 acetic acid* Y9�Â� ?� �� ãT ¬

(8)T (9)" �= ©�( ©� ã� q°ä �&
 data point� ��

ã�, �¿&
 q°ä �N ©� ã� q°ä . Fig. 1T 2"6 Þ

< -å� acetic acid�  .� 4 mM�V� »�"� Ï �	" X

� ��
�� �{� ã� \�, -­� �� ã&
 � < - .

�t� 0�� ¬ (8)N Fig. 1"6: acetic acid� 4 mM �V� �æ

"6 <ç�� ã� Ú q°F, -+� ¬ (9)" �=6 ©�( ãN

KS
S−[ ] C+[ ]

SC[ ]
---------------------=

F−
1

1 C+[ ]+ KS⁄
----------------------------=

k
k0 C+[ ] KS k−+⁄

1 C+[ ]+ KS⁄
------------------------------------=

KB
C+[ ] B−[ ]

BC[ ]
----------------------=

C+[ ] K1CB=

C+[ ] K2 CB=

k

k0K1

KS

-----------CB k−+

1
K1

KS

------CB+

-----------------------------=

k

k0K2

KS
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1
K2
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------ CB+
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Fig. 2"6: ®� acetic acid�  .� 4 mM�V
 �æ"6 �{�

ã&
 <ç�� »¥� nè 661 Ð��� »¥� q°F, - .

Fig. 1T 2"6 \�� �" �=6. acetic acid� »� ¬ (8)� ©�

ã� ¬ (9)� ©� ã \  Ú �£�, acetic acid�  .� �2"

�� ��
�� �2. Ú d·�, -­� � < - .

Fig. 3T 4� �hV F" sodium phosphate monobasic� buffer


�w� -� »�" sodium phosphate monobasic� �2" �� �

�
�* �� ãT ©� ã" X�Q d�� �&
 data point� �

� ã� �¿N ©� ã� q°FL Fig. 3N ¬ (8)" X� ©� ã�

Fig. 4� ¬ (9)" X� ©� ã� q°F� . Acetic acid� »�:�

X)e&
 � »�"� sodium phosphate monobasic�  .� Ð�

�Q. ��
�� �{� ã&
 <ç�� »¥� nè ©× Ð��

� »¥� \�, - . ¬ (8)T (9)� VP©<� nI Á^� ã&


 ¬ (9)� éN ã� \�, - . !� Fig. 3"6: ®� ¬ (8)N

sodium phosphate monobasic�  .� Ð�¯<ê ��
�� Ð��

� »¥� Ú q°F+ ë�, sodium phosphate monobasic�  .

� Ð�¯<ê �� ã\  iN ©� ã� \�, -&q, Fig. 4"

6 ¬ (9)� monobasic�  .� Ð�¯<ê Ð��� �� ã�

Table 1. Parameters of Eqs. (8) and (9) by acetic acid

Material
Methanol
(vol%)

Eq. (8) Eq. (9)

k0 k− K1/KS R2 k0 k− K2/KS R2

5'-CMP 05 2.336 0.632 11.876 0.99236 2.566 0.615 3.397 0.99803
10 1.815 0.598 10.990 0.98247 2.001 0.584 3.050 0.99803
15 1.595 0.587 9.876 0.98593 1.753 0.572 2.897 0.99811
20 1.476 0.588 8.966 0.98426 1.623 0.572 2.701 0.99749

5'-UMP 05 1.447 0.464 0.375 0.98965 3.679 0.424 0.109 0.97210
10 1.159 0.432 0.546 0.98877 2.046 0.403 0.213 0.96313
15 1.038 0.409 0.810 0.95243 1.486 0.384 0.376 0.91243
20 0.980 0.396 0.951 0.93610 1.330 0.374 0.454 0.88967

5'-GMP 05 2.692 0.491 0.609 0.99320 4.921 0.385 0.262 0.98870
10 1.744 0.424 0.851 0.99910 2.665 0.363 0.397 0.98398
15 1.368 0.392 1.136 0.98833 1.874 0.350 0.550 0.96032
20 1.195 0.382 1.273 0.97728 1.572 0.348 0.621 0.94149

5'-IMP 05 2.150 0.489 0.507 0.99061 4.292 0.414 0.200 0.97705
10 1.470 0.433 0.759 0.99593 2.280 0.387 0.347 0.97498
15 1.206 0.405 1.073 0.96873 1.632 0.372 0.525 0.93133
20 1.081 0.392 1.161 0.95424 1.418 0.364 0.574 0.91107

5'-AMP 05 4.009 0.723 2.384 0.99243 4.976 0.548 1.129 0.98833
10 2.568 0.568 2.468 0.99715 3.136 0.469 1.163 0.98202
15 1.975 0.503 2.519 0.99085 2.375 0.432 1.202 0.96679
20 1.693 0.478 2.121 0.98685 2.054 0.415 1.059 0.96513

Table 2. Parameters of Eqs. (8) and (9) by sodium phosphate monobasic

Material
Methanol
(vol%)

Eq. (8) Eq. (9)

k0 k− K1/KS R2 k0 k− K2/KS R2

5'-CMP 05 2.001 0.469 0.742 0.98773 3.339 0.350 0.338 0.98893
10 1.654 0.425 0.688 0.99382 2.815 0.342 0.305 0.99231
15 1.454 0.408 0.647 0.99160 2.593 0.342 0.265 0.99418
20 1.340 0.395 0.665 0.99556 3.741 0.345 0.139 0.99116

5'-UMP 05 2.225 0.371 0.461 0.98940 5.256 0.268 0.164 0.99495
10 1.765 0.354 0.482 0.99036 3.867 0.273 0.181 0.99458
15 1.559 0.342 0.482 0.99210 3.376 0.272 0.180 0.99525
20 1.331 0.333 0.590 0.98802 4.152 0.280 0.121 0.99495

5'-GMP 05 3.290 0.411 0.424 0.99163 9.389 0.267 0.126 0.99313
10 2.216 0.373 0.445 0.99403 5.596 0.276 0.146 0.99512
15 1.750 0.357 0.456 0.99424 4.155 0.282 0.155 0.99573
20 1.447 0.348 0.528 0.99123 6.323 0.295 0.076 0.99449

5'-IMP 05 3.413 0.406 0.427 0.98982 9.363 0.250 0.135 0.99514
10 2.241 0.366 0.454 0.99158 5.380 0.263 0.159 0.99577
15 1.744 0.347 0.477 0.99130 3.876 0.267 0.176 0.99620
20 1.429 0.334 0.577 0.98672 4.605 0.275 0.117 0.99573

5'-AMP 05 6.896 0.479 0.492 0.99146 17.272 0.132 0.169 0.99347
10 3.887 0.411 0.500 0.99359 9.149 0.218 0.180 0.99369
15 2.646 0.378 0.500 0.99410 6.019 0.251 0.183 0.99455
20 1.946 0.355 0.560 0.99048 7.832 0.276 0.092 0.99393
���� �38� �5� 2000� 10�
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¬ (8)\ � Ú d·�, - .

Fig. 5: 6N acetic acid� »� ¬ (8)� sodium phosphate monobasic

� »� ¬ (9)* e9�Â� ?" ¬ (8)T (9)"6 ��� }�x"

X� ��
�* q°F� parameter
 k0� ã� �hV F" klm

� µ� �2" X�Q .�� �� . Fig. 5: 6� }Û¯ »� ®

N �	" X� ��
�� acetic acid: sodium phosphate monobasic

� ÏÏ� »�" X=6 ~� � Î�* \�, - . R ��
�

acetic acid� »� H+� µ�x� Na+�x\  �hV F" ~� M

� yz�� ?�" ��� Na� H
 £UKw disodium salt Wa�

nè 5'-nucleotide� Wa
 }�x� ��� yz�� ?�" 5'-nucleotide

� ��
�* q°FL sodium phosphate monobasic� »�"� Na+

�x� M� yz�� ?�" ��� Na� H
 £UK+ �N disodium

Fig. 1. Comparison of calculated and experimental retention factor[Eq. (8), acetic acid].

Fig. 2. Comparison of calculated and experimental retention factor[Eq. (9), acetic acid].
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salt� Wa
 5'-nucleotides disodium salt� ��
�* q°ä . �:

®� }�x� Wa� ÏÏ 5'-nucleotide: 5'-nucleotide disodium salt


  %� q°q� ?�" buffer� ��" �à ®N ��� ��


�� ì� Î�q� �&
 \
 . RS, klm� µ� Ð�¯<ê

��
�� í^�� �� � < - . �t� »¥N �hV F"

modifier� µ� Ð�¯<ê ��� ��
�� í^�� �4e
 »

¥T �£�, - [2, 4].

Fig. 7T 8N ¬ (8)T (9)"6 ��� ­�x&
 yz¯ ?� ��


�* q°F� parameter
 k−ã� acetic acid: sodium phosphate

monobasic" X�Q klm� Ð�" �� k−ã� »¥� .�� �&


 klm� µ� Ð��Q. v� �2�+ �&L ~� iN ã&


�{�� �+K� �� Þ < - . �t� ��
� ��� ­�x

Fig. 3. Comparison of calculated and experimental retention factor[Eq. (8), sodium phosphate monobasic].

Fig. 4. Comparison of calculated and experimental retention factor[Eq. (9), sodium phosphate monobasic].
���� �38� �5� 2000� 10�



RP-HPLC�� ����� �	� 
� Nucleotides� �
��� �� 631
� Wa
 -� »�"� ~� � j�� �+� KL � ~� � j

�� �	N }j�� ,{V" î;%+ �, 9D� . !� klm

� µ� Ð��Q. j�
 ­�x� ��" ¤¥� ¢£+ �� .

RtE
 ­�x� ��� }j�� ,{V" v� ���+ �, 9

Dï� � < - .

5. � �

RP-HPLC"6 �hV" buffer� ��Kw pH� ��¶ ��� '

���N �hV� pH" �� ��
�� �2* ¡��Â . Rtq

 µ� buffer� ��" X=6� �: ®N '�� ÖÙK+ �ð .

� '�"6� buffer� ��" �à6  � ª«¬� e9�&
�

pH"6 ,�K+ �N buffer� ��" �� 0�� ,��Â . ��

�T" ��¶ acetic acid� »�"� ¬ (6)� P©¬� e9( ¬ (8)

�, sodium phosphate monobasic� »�"� ¬ (7)� P©¬� e9

( ¬ (9)� Ú �£�, - . Buffer� 0�" ñ� ��
�" P�

ª«¬� �� �=6� buffer: µ�x�  ." P� Pò¬� ��

&
 �{=ó � . !� model ¬"6 }�xT ­�x� ��
�

* q°F� k0: k−� ã� �{� »¥� q°F, -� ?�" buffer

�  .: modifier�  .* h�" ,�� model ¬� �A�� (

 . � '�"6 ¼Ã� ª«¬[¬ (8), (9)]� �9�Q ô�� buffer�

 ." �� ��� ���æ� ¡�¯ < - . �t� ª«¬� �

9�Q buffer* �9� RP-HPLC� �c õ �S)ö� ¡�¯ <

-, �Ù¾Îe
 CÊ\  ÷� �æ F" Ëe� �c õ �S)ö

� �� < - .


 �

� '�� 
�X3Û Û<'�Öø}" ��Q <ÙK�&L �"

íYùúû .

����

k : retention factor

k0 : retention factor of non-ionized solute

k− : retention factor of ionized solute

F− : mole fraction of ionized solute

KS : equilibrium constant of solute

KB : equilibrium constant of buffer

Fig. 5. Changes of k0 with methanol contents in mobile phase[Eq. (8),
acetic acid].

Fig. 6. Changes of k0 with methanol contents in mobile phase[Eq. (9),
sodium phosphate monobasic].

Fig. 7. Changes of k1 with methanol contents in mobile phase[Eq. (8),
acetic acid].

Fig. 8. Changes of k1 with methanol contents in mobile phase[Eq. (9),
sodium phosphate monobasic].
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-

K1, K2 : empirical constants

CB : concentration of buffer in mobile phase [mM]
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