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ABSTRACT

RNA sequences containing 2 '-amino pyrimidines that
bind with high-affinity to human thyroid stimulating
hormone (hTSH) were isolated from a random
sequence library by an in vitro selection—amplification
procedure. A representative RNA ligand (T-15) has an
equilibrium dissociation constant ( Ky) of 2.5 nM for its
interaction with hTSH and can discriminate between
other members of the glycohormone family; no detect-
able binding was observed at low micromolar con-
centrations of hCG (human chorionic gonadotropin),
while measured Ky values for the interactions with hLH
(human leutinizing hormone) and hFSH (human follicle
stimulating hormone) were >1  pyM and [0.2 pM,
respectively. The detection of hTSH in a dot blot assay
with radiolabeled T-15 RNA was demonstrated.

INTRODUCTION

fluids (12,17). Such modified oligonucleotide ligands are attract-
ive candidates for both therapeutic and diagnostic applications.
SELEX-derived small oligonucleotidesPQ kDa) typically
exhibit affinities similar to those of relatively large antibodies
(160 kDa). This feature, along with the availability of modified
oligonucleotide random sequence pools with enhanced nuclease
stability, prompted us to exploit the SELEX process for the
isolation of nucleic acid ligands with high affinity for human
thyroid stimulating hormone (hTSH), a hormone commonly used
as a diagnostic marker for thyroid abnormalities.

hTSH M; 27.7 kDa) is a glycohormone secreted by the
pituitary that controls the synthesis of hormones by the thyroid
gland. Measurement of serum hTSH levels is important in the
diagnosis of both pituitary and thyroid disorders such as
hyperthyroidism and hypothyroidisri324). Pituitary-derived
hTSH, hLH (leutinizing hormone) and hFSH (follicle stimulating
hormone), along with hCG (chorionic gonadotropin) secreted by
placenta, constitute a family of glycohormones3—7).
Members of this glycohormone family have very similar

Specific molecular recognition is central to the detection d#tructural properties. Each hormone is a heterodimer composed
disease causing agents. Although most diagnostic tests are ba¥edon-covalently associated subunits &nd {3). All four

on antibody ligands, other molecules capable of fulfilling thénembers have an identicesubunit. Each member of the family
requirements for specific molecular recognition are being discoexerts its biological response via interacting with a cell surface

ered (-3). TheSystematidEvolution ofLigands byEXponential
enrichment (SELEX) process, which utilizesvitro selection

receptor. While th@ subunits confer specificity, there is a high
degree of sequence similarity among the members. The sequence

and amplification of nucleic acids, is a combinatorial approacsimilarity within the first 114 amino acids of faeubunit of hCG

for the isolation of specific sequences with unique properties &f 85% with hLH, 46% with hTSH and 36% with hFSEY)
interest from random sequence libraries of oligonucleotiddsurther, the-subunit specific to one member and dhgubunit
(4-6). The complexity (or sample size) of a typical starting librarglerived from a different member have been reconstituted into a

is (1104 molecules. The outcome of an vitro selection

heterodimer that elicited the biological response of the hormone

experiment is a population of sequences whose functiondérived from thef-subunit £3,25). Due to these structural
properties were dictated by the selection criterion employed in te@milarities, the development of immunological assays for the
process. Examples include high-affinity nucleic acid sequencepecific detection of each hormone has been challerigfing (

selected for a variety of target moleculéslQ) and sequences
that can either undergo autocatalysis of novel reac6ysl] or

In this study, the SELEX process was used to isolate high
affinity RNA ligands for hTSH from a random sequence RNA

function as an enzyme in the chemical transformation of ool containing 2amino pyrimidines with a complexity o104

substrate molecule?).

individual sequences. After nine rounds of selection and ampli-

Recently, random sequence oligonucleotide libraries consistifigation of hTSH-bound RNA, two families of sequences
of 2-amino pyrimidines have been used to isolate modifiedmerged. A representative RNA ligand (T-15) of one family
oligonucleotide ligands with enhanced stability in biologicatharacterized by a predicted stem—loop structure bound hTSH
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with an equilibrium dissociation constari{g of 2.5 nM.  Hindlll restriction sites (underlined) at the &nd 3-ends of the
Importantly, this ligand bound much more weakly to othePCR products, respectively. The PCR products were digested
members of the glycohormone family. The use of radiolabelegith BarrHI andHindlll and cloned into pUC18 that had been
ligand T-15 to detect hTSH in a dot blot assay suggests thdigested with the same enzymes. Individual clones were screened
SELEX-derived oligonucleotide ligands have potential use and sequenced using standard technicii@®s (
diagnostic reagents.

Equilibrium dissociation constants Kq values)

MATERIALS AND METHODS Internally-labeled RNA was synthesized by usig4PJATP in

in, vitro transcription reactions. Full-length transcripts were

DNA sequences were synthesized by standard cyanoethyl .. : - :
L ; ; rified by polyacrylamide gel electrophoresis under denaturin
phosphoramidite chemistry. After deprotection, DNA sequenc %nditiong.pRNyA srgspendeg in TEM bpuffés(nM) was heated 9

were purified by gel electrophoresis under denaturing conditions; 8C0°C. chi .
’ e ; . , chilled on ice and then transfered to room temperature.
Z-NHy-modified UTP and CTP were synthesized as describ otein binding was carried out with low concentrations of

previously 8). All RNA sequences used in the study WeTE adiolabeled RNA (typicallyrl0 pM) to satisfy saturation

prepared byn vitro transcription of DNA template29) and bindin . o . .
P . ) g at protein excess conditions. RNA was incubated with
purified by denaturing gel electrophoresis. hivi 5 500) and varying amounts of hormone in 50 TEM buffer containing

hFSH M, 38 250) were from Becton Dickinson (Researchy ;"5 for 10 min at 3T. RNA—protein mixtures were
Triangle Park, NC). hTSHM; 27 700; 8 IU/mg) was from either - ooy through pre-wet nitrocellulose filters @3 and the
Becton Dickinson or Vitro Diagnaostics (Littleton, CO). hG4p ( filters were immediately washed with 5 ml binding buffer.

42 000; 14 000 IU/mg) was from Vitro Diagna_ostics. TheRadioactivity retained on filters was quantitated by liquid
g;gﬁ)%ﬂ;gn&atzagu%}gt I(E);zh-lfnselg ;\rlﬁjreotl'?ga::?\ee?‘nizglrg s]g:intillation counting. The quantity of RNA bound to filters in the
analytical grade were ’purch.ase d);rom commercial sources Absence of hormone was used for background correction. The
* percentage of input RNA retained on each filter was plotted
against the corresponding log protein concentration. The non-
The SELEX process linear least-squares method was used to obtain the dissociation

. . _ _constantKg) (11).
Five nanomoles of gel-purified, synthetic template DNA contain-

ing 40 nucleotide (nt) contiguous random sequence flanked
defined primer annealing sequences’-G&GAGGAC-
GATGCGG-(N)g-CAGACGACTCGCCCGA-3 were amplified  For thermal melting, the full-length sequence T-15 was syn-
by four cycles of the polymerase chain reaction (PCR) with primetisesized byin vitro transcription and purified by denaturing
5'-TAATACGACTCACTATAGGGAGGACGATGCGG-3 and  polyacrylamide gel electrophoresis. RNA was heated in TEM or
5-TCGGGCGAGTCGTCTG-3 Approximately 800 pmol of the sodium phosphate buffer to@Gand cooled to room temperature
PCR-derived template DNA® x 104 molecules) were prior to the determination of its melting profile. Thermal melting
transcribedn vitro by T7 RNA polymerase (1000 U) in a 3-ml profiles of RNA were obtained on a Cary Model 1E spectrophoto-
transcription reaction consisting of 40 mM Tris—HCI (pH 8.0), 12neter by recording the absorbance at 260 nm while the sample
mM MgCly, 1 mM Spermidine, 5 mM DTT, 0.002% Triton was heated at°C/min. The melting pointT{,) was calculated
X-100 (v/v), 4% polyethylene glycol (w/v) and 2 mM each ofusing the first derivative values.

ATP, GTP, 2NH,CTP and 2NH,UTP (17). Full-length tran-

scription products were purified on 8% polyacrylamide gel®ot blot assay

under denaturing conditions, suspended in TEM buffer (bindiq%_ . -
buffer; 10 mM Tris—HCI, 0.1 mM EDTA, 2.5 mM Mg&IpH SH was suspended in TEM buffer (3@ containing 0.1%

6.8), heated to 7€ and chilled on ice. The RNA was then NSA (W/v) and applied to pre-wet nitrocellulose filters (kg
incubated with hTSH at 3T for 15 min. The RNA—protein BioRad) under suction. Gel-purified, internally labeled RNA
mixture was filtered through a pre-wet nitrocellulose filter and thé-1> Was then applied to the blots in BOTEM buffer (0.5
filter was immediately washed with 5 ml binding buffer. BoundPMOli!) and filtered gently. Filters were immediately washed
RNAs were eluted from the filteS), recovered by ethanol three times with 300l of the same buffer followed by two times
precipitation and reverse transcribed by avian myeloblastodéth 300pl 0.5 M urea in the same buffer to eliminate most of
virus reverse transcriptase (Life Sciences) &C4Br 45 min ackgrognd binding of RNA to nitrocellulose filters. The blots
with the DNA sequenceé FCGGGCGAGTCGTCTG-3as the Were d_rled and analyzed with a Phosphorlmager and by
primer. Following PCR amplification of the cDNA, the resulting@utoradiography.
duplex DNA template was transcritiedsitro to obtain RNA for
the next round of selection. RESULTS

The concentration of hTSH in the binding reaction Wagg|ection
decreased gradually in successive rounds freiv 8 200 nM
to progressively increase selective pressure. The selecti@nselection carried out in the low ionic strength TEM buffer
process was repeated until the affinity of the enriched RNA poatsulted in a progressive increase in affinity of the enriched RNA
for hTSH was substantially increased. At that point, cDNA wapools for hTSH. Sequences obtained from the 9th round PCR
amplified by PCR with primers "'&CGAAGCTTAATAC- products are shown in FiguteThere were 21 unique sequences
GACTCACTATAGGGAGGACGATGCGG-3and 5GCCGGA- among the 37 sequences analyzed. The selected purine-rich RNA
TCCTCGGGCGAGTCGTCTG-3which introducedBantHl and  sequences share a somewhat conserved 9 nucleotide sequence

IEmermal melting
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Clone Number Sequence (5'-3")
Famiy 1 33 e o epne
b —Or -

1 1 GUACGUAUGGCACAATTAGGA| GGAGGCTGT GRGGUGADGE
& 12y s GUGECUUCAGA F GEAGGAATG{ GAAGAGECAAACCACAGE
5 1 GUESCCUCAGAZ FGAANGAANC G+ NEARGCARGCOCRGC CRGGEET
25 ' GUGGCUUCAGAG F GEUGGAACG 1 AGAGCAGCUCAGUCAGED
23 : GUGECTUCAGAG | GEUGGAACG{AGAGCAGCTCAGCCAGED
B 1 CARGEOCASOGFGOOSEAANT +CGANSCOZCAGEACTCOEC GCTD
13 : CCADGAGGCGAIDG] GAAGGAAGE | TTGAAGCGCACGATTGE
13 ] GRSOCOCRGAGHSEDEECACT FAARMA G AR GENCOTCGCCDT
12 B IUTTPEAGIAGAGC O+ GIUGEEIEE ARG AGEAGUAGOCAD

Family Il 35 : CACGUAGAGCUAGT | GRAGGFUAG | UAGTACACARCTARATA
a5 (3} E TUTAAGIAGASCO+ a0 G034 AACSCAGIAIGTAIOCOGEC
41 (3} 1| GUACGUADGGCACAATUAGHA}GGAGGCUCUGGGGUGUTEE
3 ; AGGOD| GEAGGEDGE | AGGEADGCATGCAGTAUACCECACTE
Fi ) . 3 AATCACATGD + GRDEGEITAC 1 TOGEANGGEEARAATOGICECC
a7 ' CACGAGGCTAGY - GEAGGGUAG ] CAGTGAAGEIUACTGE
7 " CACGAGGCUAGY F GEAGGETAG | CAGTGEAGEEGUACGCTSE
1D 4 MAOCRCAOZT FGERAMGEFTAC+ GDGEAGGREAAMIGEIGACCE
49 1 CACAARZCOACT FOEAIGCTALD + CAOTZEA DRI TAIOTT
s¢ 1 AAUCACATGY -HGETGGGTAL | GUGGAGOGEARTGEGACT

Figure 1. Sequences isolated by affinity selection for hTSH. For each clone, only the variable 40 nt region is shown. The number of clones identified with the sz
sequence is shown in parenthesis. In full-length RNA molecules, the variable sequence is flarieaddy{55GGGAGGACGAUGCGG--) and'3ixed
(--CAGACGACUCGCCCGA-3 sequences. All pyrimidines haveNH,-modified sugars. The boxed region indicates the loose consensus sequence identified in
both families. Half arrows in family | sequences indicate potential base pairing betweeanithéh® 3regions.

5-GGIcA/UGGGcU/AA/ccGlc-3' (boxed in Fig.1). These the crucial role played by Mg ions in the RNA-protein
sequences were classified into two families based on predictieteraction.

secondary structures. Thédnd 3 halves of the variable (or The specificity of ligand T-15 was tested by analyzing its
randomized) regions of sequences grouped into family | sharaffinities for other members of the glycohormone family. There
high degree of complementarity in base pairing (indicated by haf no measurable binding of the ligand to hCG at concentrations
arrows in Fig.1), suggesting their possible existence as ap to 1uM (Fig. 2b). TheKy values for the ligand T-15 binding
stem—loop structure in solution. A portion of tHeh&lf of the  to hLH and hFSH are >1#M and[200 nM, respectively (Figc
variable region of sequences classified into family Il are partiallgnd d). These data indicate that ligand T-15 is specific for hTSH.
complementary to the 8xed sequence (primer annealing site).Since all four members of the glycohormone family share an
The predicted family 1l stem—loop structures have less structuretentical a-subunit, the lack of high-affinity binding to other
stems and larger loops than the corresponding structures pmeembers implies that ligand T-15 does not bind exclusively to the
dicted for family | RNA sequences. o-subunit. This is indeed what we observed when the binding of
ligand T-15 to the isolated-subunit was investigate{ is in
theuM range; Fig2e). The RNA ligand also did not bind with
high affinity to the isolatefl-subunit of hTSH (Figzf). Thus, it

A nitrocellulose filter binding technique was used to screeis possible that either the RNA binding site on hTSH includes
several representative ligands from the two sequence families fesidues from both subunits or the individual subunits undergo a
their ability to interact with hTSH. The calculatéglvalues of  structural change upon their physical separation, preventing RNA
these ligands range from 2.5 to 100 nM, wherea&dtaf the  binding with high-affinity.

unselected random sequence poaPi& uM. Of the sequences  The interaction between ligand T-15 and hTSH is salt and pH
analyzed, RNA sequence 15 (referred to as ligand T-15) exhibitddpendent. The binding of this RNA to hTSH markedly decreases
the highest affinity for hnTSH{ = 2.5+ 0.6 nM). Ligand T-15, above pH 7.5 in both TEM and MEM (10 mM MES, 0.1 mM
the most abundant sequence that represented 24% of ERTA and 2 mM MgQ)) buffers. The 5 of the 2-amino group
affinity-selected pool was chosen for further study, based on it&is been measured to be between 6.2 and5&), and hence
high-affinity. Ligand T-15 bound hTSH with an at least thredghe distribution of protonated and unprotonated amine groups in
orders of magnitude higher affinity than the unselected randoam RNA molecule is sensitive to the pH of the medium, especially
sequence pool (Figa). This ligand did not exhibit high-affinity near pH 6—7. Furthermore, folding of RNA molecules may force
binding to hTSH in the absence of Mdpns (Fig2a), indicating  certain 2-amino groups into microenvironments whose pH may

Affinity and specificity
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Figure 2. Nitrocellulose filter binding analyses of ligand T-15 to members of the glycohormone family. All binding reactions were carried out in TEM buffer excer
for one case (open circles) as described in the Materials and Met)d@®lad(ng of ligand T-15 to hTSH in either TEM buffer (closed cirdtgss 2.5+ 0.6 nM)

orin TEM + 4 mM EDTA buffer (open circleKy > 2.5uM). Squares indicate the binding of the unselected random sequence RNA pool to hTSH. Binding of ligand
T-15 to hCG §); to hLH (c); to hFSH {); to thea subunit €) and to theB-subunit of hTSHTj.

be quite different from that of the medium. The observed pkb be non-specific. Contrary to the interaction with hFSH, the

sensitivity on protein recognition is therefore not unexpected faresence of a large excess tRNA had little effect on the

sequences bearing-@mino modification, and in fact, has beenhigh-affinity binding of ligand T-15 to hTSH (Figb).

previously observed {). In addition to the changes in the charge

di_stribution of RNA, the surface charg_e of hTSH may alsp Cha”%’econdary structure

with pH, contributing to the overall bimolecular interaction.
The binding also decreases with increasing concentrations & discussed above, due to the presence of complementary base!

monovalent cations, especially >50 mM (data not shown). The the 3 and the 3regions of the variable 40 nt stretch, a

observed salt sensitivity of the RNA—protein interaction suggestéeem—loop structure can be predicted for ligand T-15 daig.

that the majority of factors contributing to hTSH-ligand T-15Alternatively, the existence of several guanine dinucleotide

interaction are electrostatic in nature and the shielding of chargepeats in the sequence may allow the RNA to fold into

on the RNA, the protein, or both, would have a profound effe@termolecular or intramolecular G-quartet structures. Among

on the overall interaction. Low affinity and non-specific protein-ether secondary structures such as stem-loops and pseudoknots

nucleic acid interactions are sensitive to the presence GFquartet structures were also common in ligands that have been

competing nucleic acids in binding reactio®3§4). As shown identified byin vitro selection 9,16-18,35). Guanines involved

in Figure3a, the addition of >1000-fold molar excess of tRNAIn G-quartet structures are resistant to RNAse T1 cleatage (

decreased the overall binding of ligand T-15 to hFSH, suggestiegpecially under conditions that favor G-quartet formation

that the interaction between the RNA ligand and hFSH is likel{86,37). To investigate whether ligand T-15 assumes G-quartet



Figure 3. Ligand binding in the presence of non-specific nucleic acid. Binding of
ligand T-15 to hFSHa) and hTSH lf) in the presence and absence of excess
tRNA. Binding reactions were carried out in TEM buffer (as described in Fig. 2
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structures, RNAse T1 cleavage patterns were obtained in several
buffers [with KCI (facilitates G-quartet formation) and LiCl (does
not facilitate G-quartet formation)] as described 7). The
cleavage pattern of ligand T-15 was identical in all three buffers
examined (standard RNase T1 buffer containing urea, and TEM
buffer containing either KCl or LiCl) (data not shown), suggesting
that this ligand does not assume the G-quartet structure. As an
alternative to RNAse T1 cleavage susceptibility, chemical
probing with dimethyl sulfate (DMS), which reacts primarily at
the N7 of guanines3g), can be used to confirm the possible
existence of G-quartet structure36,87). However, DMS
treatment of the T-15 RNA resulted in smeared bands on
sequencing gels, hampering the interpretation of results (data not
shown). This unexpected observation could be due to the
2'-amino groups in RNA that may potentially react with DMS.

Ligand T-15 containing'Zamino pyrimidines has &y, (the
temperature at which 50% of RNA is denatured) 64 0.1 M
sodium phosphate buffer (F#&b; dotted line), indicating that the
RNA is folded into a secondary structure. A similavalue was
observed in TEM buffer, but the melting transition occurs over a
broader range than that observed in the phosphate buffeft(Fig.
solid line).

Detection

We investigated whether the RNA T-15 ligand could be used in
a dot blot assay to detect hTSH, analogous to immunoblots in
which antibodies are used to detect and quantitate their cognate
targets. Different concentrations of hTSH [from 800 nM
A77uU/ml) to 50 nM (11 plU/ml)] were applied to a
nitrocellulose membrane. The membrane was then exposed to

)radiolabeled RNA (either affinity-selected T-15 or unselected

in the absence or presence of 10 mg/ml tRNA. Squares indicate the binding in ti@ndom sequence library). A representative autoradiogram of a
absence of tRNA, whereas circles indicate the binding in the presence of tRNAdot blot is shown in FigurBa. Phosphorimager quantitation of
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Figure 4. A predicted secondary structure for ligand T-abThe primary structure of ligand T-15 is shown on the top. Lower case letters denctartie5ixed
regions. Half arrows indicate the base complementarity that potentially permits the formation of the secondary stem—loop structure shown below. The triangles inc
unpaired nucleotide basel) Melting profile of ligand T-15 carried out in either 100 mM sodium phosphate buffer (dotted line) or TEM buffer (solid line).
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antibodies has led to the development of diagnostic assays for the
detection of the individual hormones in biological fluids.

The work described here was initiated to use the SELEX
process to select oligonucleotide ligands that bind hTSH with
high affinity and specificity. Clone 15 (T-15), the highest affinity
ligand in the selected pool, hakKg@of 2.5 nM for its interaction
Random Sequence pool = - . with hTSH. The specificity of ligand T-15 for hTSH was
indicated by its inability to bind with high-affinity to hCG, hLH
and hFSH, especially in the presence of competing tRNA.

These results were obtained under direct selection conditions,
where no specific counterselection against ligands with affinity for
closely related members of the glycohormone family was incorpo-
rated. This outcome is intriguing, especially given the existence of

[hTSH)

AMA Alone

Affinity-selected ANA T-15

o " - an identicala-subunit in all four hormones. Furthermore, the
'E - [o—" crystal structure of one of the member (hCG) indicates that the two
e J_,x" ‘ sut_)u_nits are _highly str_uctur(_ad a_nd have similar topol@gy. (

i a0 ;,i-’ Affinity selection described in this study demonstrates that the
£ 1 RNA selected for hTSH recognizes a site that is unique to this
= / hormone and does not readily identifiable in other members. It
= : should be noted that under similar conditions, without counter-
M. PR N et S—— selection, RNA ligands isolated by affinity-selection for hCG

0 50 100 150 200 bound hLH with equal affinity (in addition to the presence of
identicala-subunits, th@-subunits of the two hormones aB5%
[hTSH], pil/mL similar), but with low affinity to the other two members (Y. Lin, D.
Nieuwlandt and S. D. Jayasena; unpublished results). The selection
conceniraions of 'TSH mixed wih 0119 hSA were boted and detecied wit)l R 198nds spedific for GG required a counterselection
radiolabeled RNA (either unselected random sequence pool or affinity-selectgb rocedure to eliminate RNAs Wlt.h affinity for hLH (Wesgl, in
ligand T-15). § An autoradiogram of a representative dot blb). A preparation). The counterselection strategy has been successfully
Phosphorlimager quantitation of the radioactivity plotted against the concentradsed to isolate RNA ligands highly specific for theophylline and
tion of hTSH. All data are expressed as the me&E of the background  can discriminate between binding to caffeine, an analogue that
corrected mean of quadruplicate samples. differs from theophylline by a single methyl groag)( as well as
ligands that discriminate in binding to arginine and citrulline
(19,41). These studies suggest that a direct SELEX process with
the signal as a function of the input concentration of hTSH 80 counterselection may be sufficient for the isolation of oligo-
shown in Figuredb. The signal obtained with the radiolabelednucleotides that can discriminate between related targets, but
unselected random sequence pool (used as a control) did highly discriminatory ligands to very similar targets may require
correlate with the amount of hTSH on the blot (Big. open  counterselection strategies.
circles). However, with the affinity-selected radiolabeled ligand Ligand T-15 did not show high-affinity binding to individual
T-15, the signal correlated with the concentration of hTSH useslibunits of hTSH, indicating the requirement for the intact
A linear relationship between the signal and the amount of hTStéterodimer for effective binding. Antisera specific for a given
up to 50ulU/ml was observed. member have been raised by using the resp:tubunits 25).

RNA ligands containing'zamino modified pyrimidines have The difference in the molecular recognition properties of anti-
been shown to be resistant to both alkali hydrolysis and nucledssglies and SELEX-derived nucleic acid ligands may be due to the
digestion $9,40), and hence have exhibited increased survivakay in which the target is presented during the two selection
time in biological fluids 2,17). Consistent with these studies, processes. Most antibodies are known to recognize linear epitopes
we noticed that the half lifes of the ligand T-158%5% human  within a protein, presumably due to the presentation of peptide
urine and_B5% human serum were at least 300-fold higher thaffagments by antigen-presenting cells. However, in the SELEX
the corresponding values of alti®droxy form of the same process an intact protein is repeatedly presented to increasingly
sequence (data not shown) when analyzed as descriligdl. in ( enriched pools of oligonucleotides. Hence, SELEX-derived oligo-

nucleotide ligands tend to recognize conformational epitopes.
DISCUSSION Ligand T-15 can potentially form a stem with 14 base pairs of

which 9 base pairs form an uninterrupted helix. The melting
In spite of the high degree of structural similarity present amorigmperature observed for this ligand is substantially lower than
the four members of the glycohormone family, they elicitvhat would be observed for an unmodifietdOH RNA
different biological effects by interacting with three distinctsequence. In agreement with Theobserved for sequence T-15
receptors. HCG and hLH bind to the same receffdr The containing 2amino pyrimidines, the presence ofaiino
existence of hormone-specific receptors (natural ligandgyrimidines in oligonucleotides has been shown to lower their
suggests that each member contains a unique set of epitopesieiting transitions significantly1¢,43). Decreased stability of
specific molecular recognition; feasibly even with artificialhelices containing’zamino pyrimidines may direct SELEX-de-
ligands. In fact, with a great deal of effort, antibodies specific faived ligands to adopt alternate structures such as G-quarets (
each member have been raise).(The identification of such or may not assume a known secondary structije lowever,
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as evidenced by ligand T-15, the selection of ligands which addgink at Becton Dickinson Research Center is gratefully acknowl-
helical structures is also possible from random sequence poetiged for providing the hTSH, hLH and hFSH used in this study.
containing 2amino pyrimidines, suggesting that this particulaM/e also thank colleagues in the chemistry division at NeXstar
modification may not significantly decrease the shape repertoiRharmaceuticals for synthesizing\NtH,-UTP and 2NH>-CTP.
available for molecular recognition.

Affinity selections on a single target have been carried out with
chemically different oligonucleotide libraries such as DNA, RNAREFERENCES
and those  with  other  chemical  modifications ; Repek .J. (198Bcience235 1478-1483.
(8,9,1517,18,35/44). ‘Winning’ ligands resulting from such 2 cram,D.J. (1988cience24Q 760-767.
selections were different with respect to their nucleotide sequence James,T.D., Sandanayaka,K.R.A.S. and Shinkai,S. (ha@&)g 374
and predicted secondary structures. Furthermore, RNA versions é“;ﬁi“-A”en b, Binkley,J., Brown.D., Schneider.D. Tassel.D. and
of DNA ligands (or vice versq) were not funcﬂonal in binding to Eddy S.R. (1993) In Gesteland,R. and Atkins,J. (adie) RNA World
the cognate target {,35,44). Similar to these previous observa-  cold Spring Harbor Laboratory Press, Plainview, NY, pp. 497-509.
tions, the high-affinity binding of ligand T-15 was abolished whens Gold,L., Polisky,B., Uhlenbeck,O. and Yarus,M. (1988ju. Rev.
the 2-amino pyrimidines of the sequence were replaced b)g E:j)ecrfllegl 2:&723;1787('199@denc 249 505510
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