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Modification of Retention Factor of Mononucleotides
by Compositions of Buffers and Methanol in RP-HPLC
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Due to the advantage of RP-HPLC with a variety of compositions of mobile phases, experiments on water-soluble
charged species were examined. The samples were mononucleotides (5-CMP, 5-UMP, 5-GMP, 5-IMP, 5-AMP), and
the buffers used were sodium phosphate monobasic and acetic acid. The concentrations of buffers ranged from 0.01 to
10 mM, while that of the methanol, an additive to the mobile phase was 5 to 20 vol%. To predict the retention
factor of a sampie in terms of its methanol composition (M, vol.%) and buffer(Cs, mM), the following nonlinear equation

is suggested,
k=

a+tb CB
(1+C CB) Md

where a, b, ¢, and d were experimentally determined constants. The regression coefficients were above 0.96, and the
agreement between experimental and calculated retention factors were relatively good.
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Nucleotides= AEAe] #4 EZ<¢l DNA9Y FAEA=Z
92347, Dribose, Q4 3THS) BAH YW Bug P
Aee 718 wYolrl. Nucleotidest= nucleosides®] 3’HE& 5
o Qlite]l saHEZ AFoR IFY FRE JHAx Stk
Nucleotide 2] &% 3% £3] adenosine-5’-triphosphate (ATP)+<=
Agshakgo ] 2838 249 stk ATP7} ADPS}F %79
Boz NeRrA o T off A5d AUAT P23
22 AEAUAA A sge] FH FAH7} =Y €L 9
UAE g8 v A Wl ¥ frdith 28] 3 adeno-
sine9] 37} 5°¢) <l4to] A9l phosphodiesterd o2 AR
adenosine-3’, 5’-monophosphate (cyclic AMP, cAMP)= tiA}
ZAol| $2% A& 3t} o] Fadt HFREAQ NAD,
NADP, FAD, Coenzyme A, vitamine B12 X nucleotide 2]
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frEAlJtH).

a4 Azl 2wl ET#9 (reverse phase high performance
liquid chromatography, RP-HPLC)&= 44} &3r29] Hg) o
Ao glojA WEAQL 717lo|tH2, 3). AY RE HAE
8 € B4o) 75 94 AA azrEalde oF
o2= & (water), HEHS (methanol) 181 olH ELIO|E
(acetonitrile)& A}E-3HTH4). Ao ZE Azt EH
Cig ol Ces AFAIZ ¥IFAH EZE AHSEUHS). AEY
FA40| ¥ ol23l FHA Fe A9 Ay AR olF
4e ARty Hdd Bel 2AE 43 @ 4 ATkG, 4.
o] &4 F& FAo] & AET} ol EAHUE Wl A8
= AFHA &1 12 §257] g 2 2 249
ol Hol Urke). BlFA HA G ol 2 T F
A Eo] AR AT olFdol HHE ¢5EAoh
g FAEtAA F490 AMBE BIFAS 3lejof gt w=
488 AlEE HFA AN AFFeE B2 ¢ Ao
6, 7). pHE 2Aste] o] £ FAHANRE ¥ 2 EA
3 B AFEITL UTH6-9). kAT Ztzte] ¥l pHe
ZHo] oy 1 pHE FAF7I/F @7 Wi ol &
ToiAle pHY 23 Ui 93898 AHEslo o4 AR

¢

W oor o
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o 2o 2 BHE SRS

£ A7 58L& ol 714 nucleotides, cytidine-5"-monophosphate
disodium salt (5°-CMP), uridine-5’-monophosphate disodium
salt (5°-UMP), guanosine-5’- monophosphate disodium salt
(5’-GMP), inosine-5’-monophosphate disodium salt (5°-IMP),
adenosine-5’-monophosphate disodium salt (5’-AMP)¢] A &-A
55 B - vekde] ojdRA o5 el buffer (sodium phosphate
monobasic = acetic acid)Z ¥7}eld FTo wE A EA
S dggs o WE AFAFTS dS3]) A% ZdH
& FEE Aotk ¢F A g ZETFORH oA
Ngg AFAe] g ¢ ¢ AUt FEE oW
mononucleotides®] AFAZto] HE U2t} w3 dege e
H7LE AEE Ful Wy £EFHA FoEx RBule] Hoks
g 5 gtk AFdHelEE wgoR o] AR ¥S4
AR AFE A&

of &

2R FHo] Cudl 3 B HISAY 4EE 7HA
I gleBg ofFPudA ooz s e EFL
aRge] Ao AFIA GAE EfH Foleor E
Aste Mg HIFA nAdd diF AFRYA e o=
Zo| o]gog E4T W] AFAA k)s} Hlo]2o2 EA)
& g AFIA ko) Fo2 vEhd £ ok

k= k(l—F_)+k_F_

~
—_—
~

o714 F-& o4 oA ojges ZEAss Algg B
Bgolty BE Agr) o)JFAel &dsol +17te ol2&
UEYR 17} goleog &xdittn 7Hg3ch By
9] o]y nHlo]L FLol HlE o234 KE FW, Fo
chea o] ¥ £ 9ok

_ ISsTicen

Ks = ~7T50] @)
_ 1

Foo= 1+[C*1/Ks ®

A7 Kse AR o8 Boln SCE olesiH ) of
Aol AR T2AL Uein Agely SE goley 7
24, C'E Polee] PEAE WEHT

4 ol 4 B2 el ollsh 2 42 A & SITi0)

Bl CYl/Ks+ k-

k= K

)

uFe] ARE FYIHW, oA Ue Fole C'e
bufferel] JajAgt AFHGT AT = Aok +174 o)
£ AFstE buffere] o] 23} 44 Kye thed ok

_ [c*IB7]
Ky = [BC) &)

o714 BCE buffers] 7% ¥ BE buffero] A
U= -17} 0|28 UiFdIth €'Y F5E o|5A Y buffer
9] Bxd UE 42 UL Po] dgez s

[C'] = KCg (©)

2 (@A Cre o524 WM bufferd) Exoln K&
AF Aotk 4 (6)F 2 (Holl YA bufferd] Fxoj
w2 AFARe g4 AL 48 Jdon ueH gt

Al
o
KR
=

kK
T, Coth

k= —— 5% 0]
K
1+ Ks Cg

A 4 (N o1F4 WollA buffers] =] o A7
el WatE vehle ¥ 434 (semi-empirical equation) &
Bae AxntgA Agksioh

BRI

B Aol AME-E mononucleotider= cytidine-5’-monophosphate
disodium salt (5°-CMP), uridine-5’-monophosphate disodium
salt (5°-UMP), guanosine-5’-monophosphate disodium sait (5’-GMP),
inosine-5’-monophosphate disodium salt(5’-IMP), adenosine-5-
monophosphate disodium salt (5’-AMP)Z Flukao] A T35
o o)gidor M1 B2 FTFINZ FH3N] ULTRA-PURE
WATER SYSTEM Milli-Q50 (Millipore)E ©]&3}o] 18 MQcm
o LT E wEo] AME3Ig e wehg& HPLC-gradeE J.
T. Bakero| ] 913te] AME3It). ©]F4e] pHE 2AH3}7
A ALE® F 1A buffers= acetic acid, sodium phos-
phate monobasico}t}, HPLC column< 0.39x30 ¢cm®| empty
column®f Lichrospher 100 RP-18(15 ym, MERCK) packing-&
s ALg S

HPLC= WatersAle] 616 pump$} 600S controller, 2437
detectorg AME8l¥TE £4& 1| mi/minCE IARFHI,
ol B viErge FAL S5, 10, 15, 20 vol. %2 WEAZ
th o]FAF Yo bufferd] HX+ acetic acide] 7% 0.08734
oA 9.78251 mM=Z W3}sled 4P3}19 L, sodium phosphate
monobasicS 0.0099041 8.992 mM= wWzlelw AF3HT)
ABE 150ppme] F§AS WSo] 2040 & YAk =
< Age A PsiHch

vy o 7a

RP-HPLCO| A} o]5Atol| buffers} H7}=lo] pHr7F W3l
ojFe] ATFAEL o|F4e pHel wE HFxe] WEE
A &3ATHE-9). 18} ThAT buffers] EFol tisire o]
o 2 A7t JAHA gtk B AT A buffers] F
Foll webd o8 2dAg H88o 24 pHolA T E A
%2 buffere] /o WmE EAS mestgoh 94 34T
Az AZelEdE s (RP-HPLO)E o540 z2E 249 B
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Figure 1. Mole fraction of ionized sample of mobile phase on
methanol 10 vol.% ( a = acetic acid, b = sodium phosphate)

=y

& 7|Eo g AMgsln, A EE Ayt FHo Cpd
Bate ARRIITHS). o]FAUllA AL o)A e =
A AEE HF4 DAY CEHA AFIA &

2 £257] i A8 F2 & 4 glck o]&4 A=
g 2 3 2487 HElA olF el AlEY S43 ui g
£ bufferE FH7}8le] ALE3ICHG, 7). o)Al A|E & bufferst
Agtetel HIFAGE o|F31 Cuigatel AFsie, ¥t

B ooz K

=

Table 1. Parameters of Eq. (7) in acetic acid
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7bs3kA Prk11-15).
Buffer =T st

Mononucleotidew= ©)g- oA 243 ojesrty 713
31, Z+zEe] mononucleotided] thalA o] FAES] bufferd]
FE7F FUhEel A o3l He A=l AolAn, A
de Ao dHF & zheth (Figure 1). Buffere] F%7}
AAH guldo] oFelo] o] Wolxv, Alge] AR} %k
o]2# AFste] ulFAo| "t} Bufferd ¥w7} oj= AL
o]do] Hu, Ztzte] EAL bufferd] %ol AIGle] o]L3)
7b HdE RS ¢ 5 Uk vEAsE AgE uSy 1
Aol #F3to 24 mononucleotide®] ¥ % EAMo] 71%
34 ok Buffer24] acetic acid®} sodium phosphate mono-
basicE AME-P-S W ZHz}9) mononucleotidesol] widt o} &3}
He Ax7t tE olf+ acetic acidoA]9] & Holem
sodium phosphatec] A19] Na'o]&9] t}& A%st= #rr) o
am, Hol2o] ANgse}t ZAgste) oz k43 w34
3HE o]F3it}h H'ol o] Na'o]o] BlsjA =77} Zgoz
Ztz}e] mononucleotidedt Z2%E of t]& <Hg3lE olEdh
Buffer®] 7o) uwhe}br] mononucleotides®] o] &35 = S
7 tha, AFAAE WEEe o 4+ ok

BIEtE siato] Hg

G AA ZrEaHAGME F40] & EF o)t
gol A F718ME AFEHTH2-4). WEHE, ol EUE
B 22 f718HE Hvbete Hlo]2 AZERY AFAA
g XA got ooz EAIFIE ARAN HEE {7
Sule] FFell mE AFAAA A FFE ndsAh
AMANA 23 A 7k A ko, k, K/KsE HIXE 3
FEA oA Levenberg-Marquardt Z 2| glol ojate] 3}
Aom Az HExE zhzt 095, 0.05HTk AHASF
(HE A9 19] ZAE S U (Table 1 and 2). HBE

o 2

o o

. Methanol Acetic acid
Material ,
(vol. %) ko k. K/Ks r

5 2.336 0.632 11.876 0.99236

5*-CMP 10 1.815 0.598 10.990 0.98247
15 1.595 0.587 9.876 0.98593
20 1.476 0.588 8.966 0.98426
5 1.447 0.464 0.375 0.98965

5. UMP 10 1.159 0.432 0.546 0.98877
15 1.038 0.409 0.810 0.95243
20 0.980 039 . 0.951 0.93610
5 2.692 0.491 0.609 0.99320

5_GMP 10 1.744 0.424 0.851 0.99910
15 1.368 0.392 1.136 0.98833
20 1.195 0.382 1.273 0.97728
S 2.150 0.489 0.507 0.99061

5. IMP 10 1.470 0433 0.759 0.99593
15 1.206 0.405 1.073 0.96873
20 1.081 0.392 1.161 0.95424
5 4.009 0.723 2.384 0.99243

5°_AMP 10 2.568 0.568 2.468 0.99715
15 1.975 0.503 2.519 0.99085
20 1.693 0.478 2.121 0.98685
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-~ CMP
—e— UMP
—&— GMP
—v— IMP

- 4— AMP

methanol content(vol.%)

e " .

& > 4

T T T T T T T
6 8 10 12 i 18 1" 20 2

P

methanol content(vol.%)

Figure 2. Change of ky and k with methanol content in mobile
phase with acetic acid

o gol FNUSE ARIAL Base A T 4 Ao
dolges A Hd ARIA kT dEed 3o

1ol el 2449 A
(Figure. 2 and 3). °o]&3F HE H

go] Ao R vFgor o ]%%4 o] FUsle olEAd
o] FAollA vIFAo] Hh vIFA TAG olFAte]l FF
dto] mSAdste Algrt 2 FHE AR i)t A

Table 2. Parameters of Eq. (7) in sodium phosphate

Tt . —®— CMP
—e—UMP
—&—GMP

o —v—IMP
—— AMP

4 8 s 10 12 R 18 18 20 22
methanol content(vol.%)

F  — . -
> v d
o 1 L 1 ! 1 It 1 i 1

4 L] 8 10 12 At} 16 1% 20 k3
methanoi content{vol. %)

Figure 3. Change of ky and k with methanol content in mobile
phase with sodium phosphate

)

o2 Fojg7] Wi HlolRog EAde FE AR
(k)= WIEEe) ol webr] A ol3d AL olF
& ol modifiers] %ol F7184E A5 AFAAI} #A
e dukzel Askyl gX)Elar 9ItH2, 4). Buffer® acetic
acid®} sodium phosphate monobasicg AMEEINS W HF<
A7p AhEE Ae 2AW Fide ¥wie g4
mononucleotidesol] 3|4 27t F-& & 4 Ut} (Figure 2
and 3). Wi o]0 2 EAE wel HFAA k)E HEE Y

Material Methanol Sodium phosphate monobasic
ateria (vol. %) ko k K/Ks e

5 2.001 0.469 0.742 0.98773

5.CMP 10 1.654 0.425 0.688 0.99382
15 1.454 0.408 0.647 0.99160
20 1.340 0.395 0.665 0.99556
5 2225 0.371 0.461 0.98940

5_UMP 10 1.765 0.354 0.482 0.99036
15 1.559 0.342 0.482 0.99210
20 1.331 0.333 0.590 0.98802
5 3.290 0411 0.424 0.99163

5 _GMP 10 2216 0.373 0.445 0.99403
15 1.750 0.357 0.456 0.99424
20 1.447 0.348 0.528 0.99123
5 3413 0.406 0.427 0.98928

$*_IMP 10 2241 0.366 0.454 0.99158
15 1.744 0.347 0477 0.99130
20 1.429 0.334 0.577 0.98672
5 6.896 0.479 0.492 0.99146

5 AMP 10 3.887 0411 0.500 0.99359
15 2.646 0.378 0.500 0.99410
20 1.946 0.355 0.500 0.99048
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Table 3. Results of regression analysis for Eq.(8) with acetic acid and sodium phosphate

5’-CMP

5’-UMP

5°’-GMP 5’-IMP 5’-AMP

0.98686
1.135
47.093
11.955
0.331

Acetic acid

0.96411

0.97891 0.96902 0.99166
1.188 0.956 1.884
4.096 2.450 28.311
0.796 0.726 2.677
0.456 0.348 0.613

0.98766
0.774
2.069
0.687
0.261

Sodium phosphate

O TR TR0 TR Y,

0.98573

0.98381 0.98202 0.98819
1.049 1.085 2.190
2.839 3.142 11.785
0.430 0.441 0.488
0.461 0.488 0.789

~~
&

CMP
UMP
GMP P
IMP
AMP o

O« oo

calculated k

T T T T T T T
0 1 2 3 4
experimental k

calculated k

0 — "
0 1 2 3 4 5 6
experimental k
Figure 4. Comparison of experimental data and calculated value of k

(a = acetic acid, b = sodium phosphate)

ool weld A9 dAFSHATE (Figure 2 and 3). k= WE=
9] Y= A FHIFLE o]z EAEte FEY AF
olzte HIZA 1A CpHEWe AFA R vl §&
7] w)&ol wekgo] i FFo] givk E=F e 4

ir

99l 2ol AFol HEFEE nAR &F
th 2B EE go|29 AFE vFAY A A

Er

N
=

AFAAe vegel ¥ buffers] Fol oA 2A
ok dekEe] ol Frkshd ARAAIE 48k, bufferd
=7t F7keh AFAAE ST, ol A4AHY
548 AgHeg s

a+b CB

k= d¥eccy i

®)

A7 a, b ¢ dE AEYFOIH, G bufferd] Fx
(mM), 18] ME WeE9 & (ol %)olth 9 e
buffere] =9} WEE9] ¢l WE FIE Jehlls AF4
olt}. o buffere] Fx ol Fo350, b} c= bufferd] FEo
#dH= Fdolth b= buffer FTol HlFEE Foln, c&
bufferz ol Wl 3t} 4 Wge 4o Aot dg
2o 3t ARAAE oA, buffers] SE= Hzle)
A% buffere) o] BoIAR AR YHT g Aol
Ao % gtk Wees) Fe DENAE W buffers] 5
T7b BolAH AFAAE bed @& Zevh %3 bufferd
S5/ 100 e A9 ARAAE buffer's£e) 130] Bl
Bk oHd S4e fdMe dgAnst F ARE ¢
4 lt}h Buffer®] 257 uwlebd ZHze] mononucleotides ]
AFAA= thE ke zZhech Buffere] $5Fs} dgge] &
< ZAAFHE mononucleotided] HFJIINE HHE F3s}
A i 78 4 Atk Acetic acid®} sodium phosphate
monobasicd buffer2 AFEFS W] 279 mononucleotide
(5’-CMP; 5-UMP, 5-GMP, 5-IMP, 5-AMP)9] A% A4
(@ b ¢ dF Table 36 YEetgtt 4@ o2 Aid A
FAzle} AFEAARERE FL& AFRJIAE Pwslitt (Figure 4).
xFZ02E A¥EAd, 183 yE2o2E A¥4E plot oz
W Agaol Audne B AP BT 5 Aok

2 o
Buffers] 540 e AFAR Be ZENL ¢
o)

3]
| AE bufferdl oFo]Lo] ko B3 BHAL AY
Aot &t} L3 model Ao)A vlo]Lm Loles) HF
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e Y= kot k9 grol YA AL Yehha )
2o buffere] FZ 9 modifierd] ¥52 FAlo) e
model o] 7b53Al ok £ Aolr AL 2y (3
(M& o838t P2l buffere] Fxo] wWa A5 #AFA
e A& Yok olHg EdAE o435l buffers o)
4% RP-HPLCY £4 ¥ 2gz1g 438 ¢ 3z A8
LA WYY WE A7 U HFe BA ¢ 2gzxA
£ 4g + A

4 Al

B d7e 234" AERE7E 74 (Center of Advanced
Bioseparation Technology)®] A7H] xj9lo) ¢&]3te] 8=|¢)
o9 ojo e =gYth

ALE 21 B

a : empirical constant

: empirical constant

: empirical constant

: concentration of buffer in mobile phase [mM]
: empirical constant

: mole fraction of ionized solute

: retention factor

: retention factor of non-ionized solute
: retention factor of ionized solute

: empirical constant

: equilibrium constant of solute

: methanol content [vol. %]

EAAFEFIMAAQS S

: regression coefficient
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