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Phosphorylation of amino acid residues in proteins, plays a major role in biological mechanism. Phosphorylation acts as a
process regulating the protein activity in variable pathways such as metabolism, signal transduction and cell division.
Therefore the development of ligands for phosphoamino acids are an important work for protein analysis and proteomics

studies.

In this study, RNA aptamers for o-phosphoserine, o-phosphothreonine and o-phosphotyrosine which appears frequently in
nature were developed by in vitro evolution method. We could obtain similar sequences from random RNAs of 40 mer by

SELEX method through 10 cycles. As result,

the aplamers for o-phosphoserine and o-phosphothreonine among

phosphoamino acids aptamers showed high affinity of Kd= 2.60 nM and 2.65 nM for their target molecules, respectively. In
addition, these aptamers could be confirmed the high selectivity for their target.
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g4& 7HAE EIEE vHE7] s RNA =S SJE
(aptamen)®] AZE AZ3HIL, I F U4E olu=ibe T
A Age A)FEgch dEl= SELEX method(Fig. 1)(2)
of 93] in viro= A WFE 4 Yrk TT DNA, RNAZ
o]Zolx e FEHLYE deve G FAng
AgoA oe o IHs H4A Tl hEste dA A
£o] hdlthe FAE A1 o =g EX 299 W
& (modification)o] 7}532 2 Tete] 33 ZAo|L} biotin,
¥+ aminationz} Z-& $2lo] £ojFte] THoNY H|=d] 1L
A7t 7MEsteg ulolQ HE o] & Mk ¢ FA||&d
S-go] 7455k w3 A3l YA 8183 EAl (chemical
synthesis) WHOE FFoly Yt 7|571EY =] 7t
Soth =3 gelve vld9d F2 (nonspecific binding)o]
Ao} Hlsh Hojx ZF Edd th3 MeAo] Fri(13,
14).
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Figure 1. The aptamer selection method by in vitro selection.

¥ d7olde SELEX W o3 1039 wte 34L&
%-3}od o-phosphoserine, o-phosphothreonine, o-phosphotyrosine
(Fig. 2o tig RNA JEtmE sRdsigich 7Hash ek
Z o-phosphoserine, o-phospho-threonine?] 7A$-oll= w4 &

A9 Bol4e FAsdh
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Terminal transferase, RNase inhibitor, fluorescein-12-dUTP+=
Roche (Mannheim, Germany)o)4], SPR A& AFE-H CMS5
Biacore (Uppsala, Sweden)ollA 3}t
Phosphoserine, phosphothreonine, phosphotyrosineol] 2}3)] 4=29
agarose H| =9} epoxy 42419 H|E, H3 N-hydroxysuccinimide
(NHS)2} N-ethyl-N’-(dimethylaminopropyl) carbodiimide (EDC)=
sigma-aldrich (St. Louis, MO)oll A F+¢J8}dc). 3t %27] qEt
™ DNA library= Integrated DNA Technologies Inc. (Coralville,
LA)E -], DNA primere AR A EE (Seoul, Koreayoll A
AE AT

sensor  chip2

AEIH o L

o-phosphoamino acidsel] g el S AL3t7] $3) bead
o target& 11735}t targete] HIMHH O R E= RNAS AA
3l negative selectiony} o]F Melzloz EO RNAZ AA|
k] AojulE positive selection IHH 07 FIPSFHTHIS). ¢
A 27 40 merE N2 ST N YHE2 AT, G CE 5%
o2 A3t oF FL in vitro transcriptiond $J3F T7 %
Z9E 993 cloning ¥ sequencingS S A|g aibel A
g2 s YAdEEoh. o] librayd]  EAE
5‘-GCGGAAGCGTGCTGGGCCN4CATAACCCAGAGGTCGAT
Folgar, 4zke] 59 3° primere 5-GGGGGAATTCTAATA
CGACTCACTATAGGGAGAGCGGAAGCGTGCTGGG-3’ ¢}
5°-GGGGGGATCCATCGACCTCTGGGTTAT G-34ty. Z+z+
PCR3}o] ZZ % DNA libraryi= in vitro transcriptionol] 2|3)
RNA library 2 AAE T, HE, dee J7283 8 M urea
6% PAGE] i8] A=Atk

AF2-E T E RNA libarye= RNA TXE ©E7] 98
S buffer (25 mM Tris-HCl (pH 7.6), 100 mM NaCl, 5 mM
MgClLyoll =91 & 80°Celld &S 7hsh & oA 108 F
ot WFA 34T} o] & 20 ug RNA libraryE #3le] agarose
beadd} HlMHAH o2 F8AFE J7IAE RNAE AAT] 9
8| 308 5<b agarose bead®} W2 WHSAIFTE WHE F AT
Aol Fol9le RNAES FH3le] vulg] bufferd) BT
(swelling) 200 nmol®] o-phosphoserine, o-phosphothreonine,
o-phosphotyrosine®] =¥ BI=9} Ab2oA 0EF HHS
stgth Fo 592 0.6 mle] buffer® washing ¥ 8= &
o] six =n el RNATHS phenol extractionol] 2]3] 7 A3}t
of, RT-PCR #A4L E3&] DNA libraryE &% SELEX
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Figure 2. The phosphoamino acids (a) o-phosphoserine, (b) o-phosphothreonine and (c) o-phosphotyrosine.
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#ARe s¥ Y Fele o o A AFEE e
RNAE #H3l7] 98l Bl=9] & 1482 Y02 B ¢
Ag (stringent) ZZ FHsit. 10M ¢ SELEX 74 <]
E3 & £2F DNA librarys pUG19 vectoro] cloning® %1
1, o] & 20719 cloneg A€} sequencingdlPow o]E
5 AAKS sequence & A7) 93 4071¢] random FHES
A2 multiple alignmentsE %3 ¥l a sy}

Surface plasmon resonance (SPR)0| 2|8t ¢JEiD Q|
s 2N

CM5 AHlA ol  o-phosphoserine, o-phosphothreonine,
o-phosphotyrosine-S T A3}3}7] &l $4 10mM HEPES,
150 mM NaCl, 1 mM MgCl;, | mM CaCl,, 2.7 mM KCL
50mM N-hydroxysuccinimide (NHS)®} 200 mM2] N-ethyl-N’-
(dimethylaminopropyl) ~carbodiimide (EDC)Z  ZA3AZ Y.
phosphoamino acids 2}2te] A E 8 4 A5+ 10 mM
sodium acetate buffer (pH 4.0)0o] =ojA] ¥k-E- A}7]31, signal
base lineo] #4 HRT} F/AEE Fstct 2o B4
712 AlASE7] 93 1 M ethanol amine©. 2 BF2-A|A T 9]
% base line®] W37} Q& W7HA WH3AIHTE RNAE ¥
A717] A ulE] 80°ClA] heating & Aol A Wrx|sted 7
ZE o| %7 31, thekgt X9 RNA libraryE flow cellol]
N7 F WS F A4S BdT gy Hozvy
RNAE A A3}7] 98 0.125 mM NaCl and 6.25 mM NaOH

£ Fdstel base lineo] 93| 2715k Zold W7R £
Fth

CHE 23 #ojd2 S8 YEy 53

HE 9 §% 48 RNA AeRE A3 S8, 2 o

ElHE  §3oZ  labelingdle]  sephadex-G25  column
chromatography (Pharmacia, USA)S 53 Wh3-3l#] ke &4
dyeE AAE & E2]9 RNA e E ¥hE- buffero] A 5o
heatingZ}h F2oA WX & F2E THETE 242 20 pmol9)
RNA aptamer= A1L-0fl A
o-phosphothreonine bead, o-phosphotyrosine bead, agarose beads
o} 5E2E WSL X177, 5l washing F Z1zte) WIES Thy
3 @v|Zozr fAsYr: HE 3 uE st slide glass
fol & Z ARAHA kiyptonjargon laser?] laser-scanning
confocal microscopy (Biorad MRC1024, Bio-Rad Laboratories
Inc., California, USA)Z 488 nm] excitation®. 2 7S intensity
oA ZAstAch

o-phosphoserine bead,

2% 9 13
olatstElol ool ASO| CiEt EIHS W=
o-phosphoserine, o-phosphothreonine™  o-phosphotyrosine o]

)5+ aptamer7} random 40 mer®} Q<& ¥ 3] Z 82 mer
library 2 B8] in vitro selectionol] oj&] 104 ¢] wiE A5
A 2ZHAY. HF U& RNA aptamer= RT-PCR F
DNAZ AL A7), Qojd F&d AdaszeE 7t
A i 9l DNA librarys 4ERT At A4 Z double
cutting & pUG19 #Ejol] cloning3d} gz, o] & 20712 A
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3}a] DHS5a competent A 39l transformationd}o] z}zp-g wj
ksl & 717} DNA & AAste Z22S sequencings) g th.
ol e random FHe] 40 merss A
ClustalW(16)°] 23t multiple alignmentE S8 FAI-S ¥
watded 47 4 A=Y FAE growplE UHE A
€ #AFANAT olF F /MY EL conserved sequenceE 7t
A e sequenceE-S ZHZt group L BEH-E AMEE Gt
(Table 1). o-phosphoserine®} o-phosphothreonine®] 7-$ 7 2]
o]/} HAg £ don,
o-phosphotyrosine®] 7% 13 mer HE9 B/E Zol9
aptamerE 0] selection® 1T}, In vitro selection T} = A 7]
+ mutation 913t} Thekgt Zole] glebH library7} AR
S 2 RNA library®] FH7} FHEE @40 A5 Loyt
t}. 221} o-phosphotyrosine?] 7 9ol WEAHoE FZ
£ o]%7] dF 9 #& RNAVF HAEoZ Qeivg
AF&3E7)71 oJE] e AL E Helth o] hydrophobic ¥t
tyrosine )79 JEFoZ st L= HIHEZ selection
o] ojH 4| Ao =E FrrHATh

50 mer sequence S-S

Table 1. The selected aptamers for phosphoamino acids

a)

SeA-06 TAACACGGGTCGAAGTCCTATCGCAACTCAATAATAAACT
SeA-09 AATCCGACTTTGACCGCACGCCACCATTCCATTATCATA
SeA-12 GTACATGTTTTGACTCTGATAACTCACCCAAATACAAT
SeA-17 TGACTGACTTTGGGCATAACATAGAARATACTGCGACAAGGA
TrAE)O4 TGCGAAGCCCTAAGCATTGTCTCCGACACTG

TrA-05 TCTACGTGAATGATAGAATNAGATAAGGAAGCAACGCCA
TrA-12 TGCATATGGTAACGGCTTACCACTGTCTATGAAATGGTGT
TrA-18 TACAGGGAAAACAGTACAGGTGAATAATG

TyAE)O 2 GAGTTAGTAAGTTAAGA

TyA-10 AGTGTTGRAGTTG

TyA-14 TTTACGAGTAACA

TyA-18 TAGAAGGGAAATCCTAGCCCTGAATTAGAGTTGAGTTC

a) SeA, o-phosphoserine aptamer; b) TrA, o-phosphothreonine
aptamer; c¢) TyA, o-phosphotyrosine aptamer

Table 2. The kinetic constants of aptamer candidates for
o-phosphoserine and o-phosphothreonine

Clone name kM1 ” k11 K, M]°
SeA-06 464105 124107  2.6+107
SeA-09 054105  S5.110% 100.0+10°
SeA-12 224105  92+104 424107
SeA-17 464105 98107  21.0+10°
TeA-04 2410 29+104  12.] +10%
TrA-05  1.0+10° 23103 23.0+109
TrA-12 96105  6.1+10%  6.4+10%
TrA-18  104+105 2.8 «103 274107

a) kon, association rate constant; b) ko, dissociation rate constant;

) Kb, kofi/kon

AEtHe Zlsie: £
A2 o]E ¥ZH o-phosphoserine¥} o-phosphothreoninesi]
e ety s =Z Lol ] 98 Surface plasmon
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resonance (SPR)}& Atg3te ol5¢] =g vlwsty B
THTable 2). = A3} o-phosphoserine YE}™ = SeA-069] A9
dissociation constant7} 2.6 nM¢] 7}1& =& T E HYO
W, SeA-129] 9ol o|AKL} 154 Y& wror) o] AL
T 5 AEE Bk vhH SeA-099) SeA-172] A$- sl
T AA, 108]olA] 508 AT e ASES B,

o-phosphothreonine Ue}n] & TrA-189] 73-%- 2.7 nM9) ®j-¢-
=2 W=E HYrl TrA-059] Z- 10 Fx e 3= E
Bk

dutzo 2 A 79 A& i3t 3= micromolar
9 KdE 7HA=d, wa d2d® dgde Be s9As
nanomolar®] - F& sHE M-S 1T 5 UG
B} 9 selection 4 & LA thdet AR E sRlE o
2] sequence=S Z3l wHek Affinity chromatographyoi| 49} Zo)
B3 EAS ¥53te Ao A A Aol w2 g
HE AN ARE Aojx, BU=E Ao welA attach
¢} detach® WHESfof 3te A9olle ol 27 HoAle
Pt & A3l Aol HEE Aoz AlgEk o2 e}
e okl JA3Ee 7R lbayzRe $HE dike
affinity?] 2|7=8E AgsjA AT 4 Qe FHE 7IAn
ATk

w2y ey F U1 AT} =9y SeA-067) TrA-18
o] RNA FZE mfold(17)E A8t o4dsl Btk
(www.idtdna.com). 100 mM¥} 5 mM MgChLe bufferol] A
NaClSeA-06(Fig. 3(@))9] 7% AG= -258 keal.mole”, Tu&
61.9°C, AH= -234.4 kcal mole’, ASE -699.6 cal K mole’2
ZAH AT, TrA-199 Z2Fg. 3(b) AGE 25.08 keal mole’
o] Twe 635°Co|m AHE 2197 keal mole'o]xl, ASE
-652.7 keal K' mole’o]Q]th o5 EF U3HOZ stem-loop
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Figure 3. RNA structures of (a) o-phosphoserine aptamer and (b)
o-phosphothreonine aptamer were predicted by mfold program.
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Figure 4. The specificity test of (a) o-phosphoserine aptamer (SeA-06) and (b) o-phosphothreonine aptamer (TrA-18) for o-phosphoserine (OPS), o-phosphothreonine
(OPTr) and o-phospho tyrosine(OPTy) modified agarose beads and agarose beads.
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w2s e Sojy xA

vf$- 748 A3 xZE 7}A= o-phosphoserine?} o-phospho-
threonine JE} o] o3 tE phosphoamino acidsel] &t
selectivity & ZAFS] H.gto)

$X Z+zhe] RNA el & fluorescein-12-dUTPE  ALE-3)
A 3primerodl] A%, Z+z+e] 20 w9 o-phosphoserine,
o-phosphothreonine, o-phosphotyrosine =2]¥ bead®} and
agarose beads= 1 M ethanol amine® 2 1X)7F F¢F ARl A
blocking3} i t}h. ¥hg buffer2 H]=Z 3w washing & 33
4% 200 9] 20 pmol RNAS} 5% <t ¥HEAI A HI=
£ 59 vh§ buffer® A %= RNAE washingdli, o]&
H =& confocal microscopyS £3}e] 0|59 Aszgs A
H R T} o-phosphoserine aptamer®} 739 159 23 EZ
e BEs A3AES de AL Y £+ 9l
o-phosphothreonineol| = Z#3h= RNAE #AYA] 49k,
£ o-phosphotyrosine} agarose beado| = A& 233} A&
A = UATHFig. 4()). o-phosphothreonine E}H 2] 7§
A= v}lz7}AE o-phosphothreonineo] v+ AH3HS <15)9) 1,
OE =9 Ao H8 AFsHA ekShrhFig. 4(b)). Serine
3} threonineZH= methyl 28 shte] Xolwe 7[RI Y
AZze]7] Qo ol TRE & v YU=E e AL
47 F& otk 53] FA o BPdm iR ddHe
3851 3= AL phosphoserinest] Wt FA|7F tf Rl
o] o] #AEL H¥EH o2 phosphothreonined] &= o]
o4& 7t 3 ek o]Hg WA serine?} threonined
& & e dEHE AT, o] F IRE RS &
Ae MEE Xt ulol FH, BF BAVE o] &3 @
Y, A9, 44 § 6S 52 84 =74 388 4 3l
g Aolgt Al ¥t} ¢} 7R o-phosphothreonined] &-8-2Q)
=7 257 @&l o] delnlE A3 phospho-
threonineo]] ¥ phosphoproteomicso| & %3+ WA ATE
T A& Aol

o

o

o Of
|

2148} Y-8 serine, threonine, tyrosineol] 4] wHAEHE A
3}8td ghg oz, B dAFdie g $849 A5y
©] 2li= phosphoserine, phosphothreonine, phosphotyrosinedi]
gt delHE sty £ in virro selection HFH 4
9]3] combinatorial chemistry 2 5-E] ¢10]2 RNA library & &
E] ©]& phosphoamino acids¢} 3= ZE 7142 Q& e
HE Zold £ YU F 1039 d¥ FHS 3
phosphoserineo] t)3|A 2.6 nM9] FZFEE 71A 1 Y o
B} 2 (SeA-06), phosphothreonined] o & 4= 2.7 nMe] 31
IEE 7HAD e QE (TrA-18)8 Zold 4 3,
o]E¢ RNA 23 2E Zt7h dZEste Hoth aey
phosphotyrosine 9] 73-%- #-2 Zo]el dele] 7} selection® O
2 f7FHez #xE /HAE dEYe ¢ & fddo-
o-phosphoserineol] ™3t A7} 7= H1ur}t HYoy &
A3 FZE A1Y o-phosphothreonined| & B] &3 A4S B
o o5& FEE F v YU=E A7) gEJU, B
AT e QEIHE AR Hol4d RAMME AZE
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FEsHA TEE F deS HAF £ Uk olsk 2o
=E el S AL&8te] biochipo]t} proteomics £4] &
79 S&d & JAAHRE AFTY 5 US FHolgt AR

2z A

B A7 FRFATY A=urls At (IMT2000
-B3-2)¢] Aol 95f o]Fojzlon ole] A=Yt
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