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ABSTRACT In order to smooth DNA duplex thermal stability, we have

) . ] recently designed a new approach based on the modification of
The effect of alkyltrimethylammonium ions on the one or both base pairs with a view to obtaining a base pair whose
thermostability of natural and modified DNA duplexes stability is very close to that of the other. This work allowed us
has been investigated. We have shown that the use of to select two sets of base pairs among the numerous modified
tetramethylammonium ions TMA * along with the base pairs studied 9,00-22). The first one involves
chemical modification of duplexes allow the fine N-4-ethyl-2-deoxycytidine which hybridizes specifically with
adjustment of T, and the possibility of obtaining 2'-deoxyguanosine leading to 4% base pair whose stability
several duplex systems with varied isostabilized is very similar to that of the natural AT base pair. Melting studies
temperatures, some of which show greater stability showed that duplexes built with AT and/ofR& base pairs
than those of natural DNA. This approach could be exhibit thermal stability independent of their base confeh#),
very useful for DNA sequencing by hybridization. The second isostable set of base pairs (base pairs having similar

stability), which has a thermal stability located between that of

INTRODUCTION natural AT and GC base pairs, involve$M&C (guanine/

N-4-methyl-cytosine) and U [adenine/5-(1-propynyl)-uracil]

The new method of DNA analysis and sequencing based on tha&se pairsZ1).
hybridization of the nucleic acid targets with a complete set of These results prompted us to study the effect of chaotropic
oligonucleotides of a given length, immobilized as an orderealgents on hybridization properties of modified oligonucleotides.
array on a solid surface, has become a promising tool in molecularfact, the use of TMAions which have a differential effect on
biology (1-8). This strategy which implies the specific detectionthe stability of AT and GC base pairs along with the approach
of hybrids without mismatches faces one basic difficulty due tbased on modified oligonucleotides would allow a fine adjustment
the large differences in duplex stability according to their bassf DNA thermal stability. Moreover, by carrying out hybridization
compositions. A perfect hybrid built with an AT-rich sequencestudies of modified oligonucleotides in chaotropic solvents, we
would therefore have a similar or even lower stability than that dfoped to find conditions under which other natural or modified
hybrids built with GC-rich sequences involving one mismaih ( AT and GC base pairs would be thermally isostable. In this paper,

To solve this problem, many studies were undertaken, particulaslye describe the effect of TMAand alkyltrimethylammonium
hybridization studies using tetramethylammonium chloridéATMA *) cations on the thermal stability of some natural and
(TMACI) (10-19). Melchoir and Von Hippel have shown that themodified duplexes.
presence of tetramethylammonium (TK)Aand tetraethyl-
ammonium (TEA) cations will remove the base composition MATERIALS AND METHODS
dependence of native DNA helix meltind). These results were . ) )
confirmed for long DNA duplexesi?,13) and later for shorter Synthesis of oligonucleotides

ones (4) (up to 16 bp) whose GC composition varied from 31 tqyjigonycleotides were synthesized on a solid support according to
81%. However, these small cations were not very efficient fQ5hssphoramidite chemistrg ) using commercial phosphoramidite

equalizing the stability of short DNA duplexes having <14 b dified phosph idit d ibed i di
(14). Recent studies realized with DNA dumb-bellg)showed (g .50y  © 0o e oo coocbee i PECEEng PEpE

that there was not a single concentration of TNign whereby

all DNA duplexes exhibited the same melting temperatureS
Likewise, extensive studies performed in a heterogeneous ph
showed that the effect of TMAcation on the thermal stability of
DNA duplexes not only depends on their sequences but also Anhydrous trimethylamine (1 mol) was added to 200 ml of
their lengths 15,16). acetonitrile at —20C. The alkyl-, allyl- or propargyl chloride (1 mol)

nthesis of alkyl-, allyl- and
Spargyltrimethylammonium chloride salts
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was slowly added at —2Q. The reaction mixture was maintained (homo)purine and (homo)pyrimidine oligodeoxyribonucleotides
at 0°C for 10 min and then kept at room temperature untiiduplexest and5) or by purine- pyrimidine transitions (duplexes
ATMA*, CI- precipitated. ATMA, CI- salts were obtained as a 1-3). For duplexes containing nine GC base pairs, only sequences
white solid after filtration and washing with acetonitrile (yieldinvolving purine- pyrimidine transitions (duplexés-8) gave a

60%). These compounds were characterized by NMR. cooperative thermal dissociation of duplexes into single strands.
When one strand is made with a nonadeoxyguanylate sequence,
Melting experiments it does not form a double helix with the complementary sequence

) . . . honadeoxycytidine but rather self-associated complexes, particu-
Spectrophotometric studies were conducted in 1 M NaCl solutiopyly G tetrads 22), as has been described for other G-rich

pH 7, containing 1M sodium cacodylate and2 10*M EDTA sequences26-27). Among quaternary ammonium cations, we
or in buffered ATMA" solutions containing 50 mM Tris-HCI, gydied TMA' ions, which are usually used in hybridization
2 mM EDTA, pH 8. Solutions were filtered through ajin2pore  gy,djes. and ethyltrimethylammonium ions (ETK)An-propyl-
size filter (Schleicher & Schuell). Changes in absorbance W'tﬁ‘imethylammonium ions (PTMA, allyltrimethylammonium
temperature of 21M duplexes in the respective hybridization jog (AITMA®*) and propargyltrimethylammonium ions (PgTH)A
solutions were measuredat 260 nm on a UVIKON 941 cell yhich are structurally very close to TMAons. In fact, these

changer spectrophotometer equipped with a Huber PD 413m50unds were obtained by replacement of one methyl group
temperature programer connected with a cryothermostat minisitTpma+ with an ethyl (E)n-propyl (P), allyl (Al) or propargy
circulating water bath (Huber). The samples and reference W&ii8g) group. The results are summarized in Tabkethe presence
slowly heated at a rate of 0G/min from 0 to 80C. Melting _of TMA* ions, melting temperatures of dupleses involving
temperaturesTe,) were taken as the temperature correspondingr pase pairs increased with the cation concentration as described
to the half-dissociation of the complexes. Tihgvalues were i, the fiterature 10-17). We observed a very important sequence
determined using the first and secpnd derivatives; the margin gfact on duplex stability as in the presence of NaCl. In fact,
error on Ty values was approximately1°C. The molar = g, yiexes1-3 involving A T transitions were less stable than
extinction coefficient of the sequences was determined &sjexest ands. These results, which corroborate those already
described in the literaturé4). observed in classical buffers, were attributed to the particular
structure of duplexes d(Ad(T), (28,29). Note that duplex
RESULTS involving a dodecathymidylate and a nonadeoxyadenylate could

dopt concatamer structures. This could explain the higher

Among the tetraalkylammonium cations, only the smalles o . . ;
TMA*gand TEA catioyns have the ability to reduge the base paﬁwermal stability of duple compared with the one obtained with
duplex5. Moreover, Ty, values of duplexe4 and5 involving a

composition dependence of DINA thermal melting transiian ( (homo)deoxyadenylate—(homo)thymidylate structure increased

At high concentration, TMA ion increases the stability of . )
duplexes built with AT-rich sequences while it decreases thoﬁrongerwnh the TMAconcentration than those of dupleges

made with GC-rich sequences. On the other hand, at a hi gving A< T transitions (F|g1).Th|§ phenomenon could be due
concentration of TEA a general destabilization was observed!0 the high cooperativity of interactions between TMéns and
greater for GC-rich sequences than for AT-rich ones. At thl (duplexs) or TA base pairs (duple®) when the latter are
isostabilizing point (conditions in which th&y, values of regularly distributed along the double helix, contrary to the case
duplexes are similarfs of DNA duplexes are higher in 3.3 M Where they are interrupted by-AT transitions (duplexes-3).
TMA* than in 2.4 M TEA (11,12,14). Larger molecular weight AS expected, thép, values of duplexe8-8 made with nine GC
cations, which greatly decrease the hybrid's stability, did nd?" CG base pairs decreased yvhen the.co.ncentratlon of W&\
exhibit the differential effect on the stability of AT and GC basdncreased. Curves representing thevariation of (homo)deoxy-
pairs. This was attributed to the fact that they are too large ?penylate—(homo)thym|dylate duplexéands diverge clearly
hydrophobic interactions to take place in the major groove gfom those of duplexes-3 involving A« T transitions. We can
AT-rich DNA (11). note that there is not a single concentration of TMAere the
ATMA * ions, whose structure and steric requirements are Veﬂatural duplexes studidel8 are |s<_)§table. However, a concentration
similar to those of TMA, were prepared in order to study their Of 4.5 M TMA™ allows a significant reduction in the stability
effect on the stability of natural and modified DNA hybrids. Thefifference of duplexes according to their base content. If we set
synthesis of ‘alkyl-trimethylammonium chloride was easily@Part (homo)adenylate—(homo)thymidylate duplekeand 5,

carried out by quaternization of trimethylamine with alkyl, allylWhich are highly stable due to their special structure, we observed
and propargyl chloride in acetonitrile. that a TMA" concentration of6-5.5 M is necessary to smooth

the Ty, of duplexes involving nine AT or GC base pairs and the
+ +: hs purine~ pyrimidine transitions (duplexds-3 and6-8) (Fig. 1).

Effect of TMA " and ATMA ™ ions on the thermal stability The isostabilizing concentration of 5.5 M TMAletermined in
of natural duplexes . . : . )

this work with short natural duplexes involving 9 bp is clearly
Thermal stability studies were carried out with duplexes involvindgpigher than the 3.3 M described in the literature for DNA
nine AT or GC base pairs representing the maximum of baskiplexes whose lengths are superior or equal to 161bi4).
composition variations. These duplexes were formed by a tripl&his isostabilizing concentration difference could be due both to
of bases repeated three times. Two dangling TT arms were addbe sequence effect and the length of duplexes studied.
at the 3 and 5-extremities of one oligonucleotide to prevent the Concerning the effect of ATMAions with the same ionic
possible concatenation of duplexes and for mimicking hybridstrength on the thermal stability of natural duplexes, replacement
formed between an oligonucleotide probe and a longer nucleic acifl one methyl group of TMA ion by an ethyl, propyl, allyl or
sequence. Duplexes involving nine AT base pairs were made withopargyl group, led to a decrease in duplex stability (TablEhe
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Table 1.Melting temperatures of natural duplexes

Tm (°C)
n° Sequence® NaCl (CH;:N" (CH3):N"CH,CH; (CH;):N"CH,CH,CH; (CH;);N"CH,CH=CH, (CH3);N"CH,C=CH
[BY IM | 2M | 3M | 4M | sSM | 2M | 3M | 4M | 2M [ 3M [ aM | 2M | 3M | 4M | 2M | 3M | 4M
1 T, A T Al T | 185 22.5 29 33.5 35 36 29 32 32 19 20 15 19 22 19 20 17
It A T)
2 L, fa T 11 T9| 205 | 265 | 29 | 345 38 42
It A al
3 I, [t T Al T 19 29 32.5 36 39 265 | 285 | 305 21 21 20.5
la A T
4 T, fr T T1 TS| 30 36 50 34 45 27 28 28 32 27 30
la A al
5 T, TA A Al TS| 26 28 335 | 405 44 48 31 34.5 38
It T Tk
6 T, [ ¢ Gl T | 625 | 625 57 55 53 42 53 34 50 17 49 52
lc G c
. T, [c ¢ Gl T | 635 58 555 | 52.5 48.5 425 50 445 | 355 485 48.5 495
lc G cly
8 *, [c 6 6] T 59 55 535 | 505 | 46.5 39 46 40.5 33
lc ¢ ck

Tm were determined at an oligomer strand concentratioru® th 10-2 M sodium cacodylate pH 7 buffer containing 1 M NaCl and1®-4 M EDTA or
in 50 mM Tris—HCI, pH 8, buffer containing TMACI or ATMACI and<210-3 M EDTA.

8All sequences are in ‘deoxy’ series.

Tm (°C)

0 1 2 3 4 5 6
TMACI concentration (M)

and PgTMA ions, Ty, of some duplexes were very low and could
not be determined). THe, variation of natural duplexes studied as
a function of the ammonium cation concentration was similar for
TMA* (Fig. 1) and ETMA' (Fig. 2). In the presence of ETMA
ions, the high stability of (homo)deoxyadenylate—(homo)thy-
midylate duplexed and5 was again observed as in the presence
of TMA* ions. If we set aside the latter, we observe that the
ETMA™ ion seems to have an interesting differential effect on the
stability of AT and GC base pairs. In fact, a concentraticrt &l
ETMA*, lower than its saturation concentratidm (M), allows
efficient reduction of the thermal stability of different dupleke3
and6-8.

TMA 7 ion effect on the stability of duplexes involving
natural or modified base pairs

Figure 1. Melting temperature variation of natural duplexes according to the In order to know the TMA effect on the stability of natural AT,

TMACI concentration. Dark purple line with diamond, duple¢®TA/TAT);
brown line with circle, duple® (ATT/TAA); violet line with circle, duplex3
(TTA/AAT); green line with circle, duple (TTT/AAA); red line with square,
duplex5 (AAA/TTT); yellow line with triangle, duplexs (GCG/CGC); blue
line with circle, duplex7 (CCG/GGC); black line with rectangle, dupl8x
(CGG/GCC). Duplexes'&[To(abcyT,]-3'/3'-d(def)z-5' are symbolized by
abc/def.

destabilizing effect is stronger for theoropyl, allyl and propargyl

GC and modified &MeC, G*EIC, ASPU and AU base pairs whose
structures are given in FiguB® studies were carried out on
duplexes made with either nine AT base pairs (duptex@and
5), GC base pairs (duplexés8), G*EC base pairs (duplexés
and12), G*MeC base pairs (duplebs), ASPU base pairs (duplex
16) or AU base pairs (duplex?), which represent the maximum
of base composition variations, and with natural dupl|8xesi
10and modified duplexels3 and14 having three AT and six GC
or G*EIC base pairs, respectively. Results shown in Takiled

groups than for the ethyl one (at a high concentration of AITMAFigures4 and5 allow the following observations to be made.
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55 Table 2. Melting temperatures of natural and modified duplexes involving
4Mec 4EiC or5Py
50 + L]
45 - N -
. R Tm (°C)
C 40 L3
< RN
[_E s+ e .o R n° Sequence® NaCl TMACI
- A - - -
30 : - JR i IM [ IM [ 2M | 3M | 4M | 5M
25 " 1 T, fa T Al ™, 185 | 225 | 29 | 335 | 35 36
It A 1
20 - § } !
0 1 2 3 4 5 6 3| Mt T Al ™| 19 29 | 325 | 36 | 39
. ta A 1)
ETMACI concentration (M)
5 T, (A A A T, 26 28 | 335 | 405 44 48
[T T Tl

Figure 2. Melting temperature variation of natural duplexes according to the
ETMACI concentration. Dark purple dotted line with diamond, dufdlex . N
(ATAITAT); magenta dotted line with square, dup@XTTA/AAT); green 6| T }S s g]] Ty 625 6251 57 | 55 | 53 | 4
dotted line with circle, dupleX (TTT/AAA); red dotted line with square, ’
duplex5 (AAA/TTT); yellow dotted line with triangle, duple&(GCG/CGC); . N
blue dotted line with circle, dupleX (CCG/GGC); black dotted line with 7T [[é O Y B R B IR el et
rectangle, duple8 (CGG/GCC). Duplexes'&[To(abckT,]-3'/3'-d(def)z-5' b
are symbolized by abc/def.

8 T, [C G Gl T 59 55 535 | 505 | 465 | 39
G € Ck

(i) In TMA* solution, for duplexes containing*C or G'E'C U I NP Tl 6B s e
base pairs, the presence of a methyl (dupigrr an ethyl group
(duplex11andl?) at position 4 of cytosine decreased the stability w| T o e Th a9 465 | 4ss | oag | 4rs | @
of modified duplexes compared with that of natural ones A ¢ O
(duplexes 6-8), as has been observed in classical buffer i. - R}
containing NaClg,22), whatever the TMA concentration used. O M I Bl B B B
The stability of natural and modified duplexes involving nine GC
(duplexess and?7), G*MeC (duplexl5) or G*EC (duplexil) base Lc 6 o Th| » | 2 |ws| v | on

[
i . . 12 L4 4B
pairs decreased when the TMA&oncentration was increased (G ™c el

from 1 to 4 M. For sequences built with three AT and six GC bas
pairs (duplexe® and10), their stability decreased from 4 M |3 | ™ [T *®C ®c Tu} 175 | s | 20 | 205 | 17
TMA™*, higher than the 3 M TMAobtained with duplexek3and
14 containing three AT and six*E'C base pairs (Figt). S

]
14 (A 4Bt 4laC]j

T | 205 22 24 235 | 215

(ii) Concerning duplexes involving AT,2RU and AU base pairs,
substitution of the methyl group at position 5 of thymine with a
1-propynyl group led to an important increase in the stability of
modified duplexes compared with that of the natural one in ‘
TMACI or NaCl buffer 1,30). The 1-propynyl group is 16| ™ E:U W i,
co-planar to uracil, thus allowing its stacking to the adjacent 5

base which would increase the stacking interaction between base |, x NEARTEETR R
pairs. Thermal stability of modified dupleX6 containing ! v U Uk
ASProy base pairs increased with TMAoncentration as for the
natural duplexes, 3ands involving AT base pairs. However, this _ _ _
stabilizing increase in function of the TMAconcentration is Zg‘dﬁf;ecgigr?;?:d :‘7""85;:302?];61?;?”dlcanﬁlzrga;'gd%mhﬂlg;'\i
higher for the modified duplex6 than for the natural duPIe).(eS orin 50 mM Tri)g—H(?I, pH 8, buffer contain?ng TMACI anat203M EDTA.
dovoid of methyl oUpS ot Posiion 5 (AN lad to much " SEaUences aren‘deoey sees

destabilization due to the abolition of the hydrophobic interaction

of the methyl group in the major groove. However, the stability . .
of duplex17 composed of AU base pairs related to the TMA duplexes thermally isostable. The TKIéoncentration necessary
concentration was maintained (F&J. to obtain the different isostabilizing sets of base pairs varied from

1 M for the [AT/G*EC] or [ASPU/G*MeC] sets (duplexes and

(iii) When we compared the stability of duplexes containing ninéland duplexe$6andl5, respectively) to 5.5 M for the [AT/GC]

AT or ASPU base pairs with those composed of nine G®€G  set (duplexed and7). This isostabilizing concentration difference

or G*EIC base pairs having the same pusngrimidine  of TMA* reflects the difference in thermal stability between the
transitions (Fig5 and Table3), we observed several systems ofbase pairs within a set of base pairs in classical buffers containing

15 T, [Mc M G] T | 335 33 295 | 26 24
[G G AMeC]J

™, 31 35 415 | 475 | 535 | 59

345 45
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H 70
[ 7H‘ O AE T R= -CH
‘N/N/?/——\(}I N \) 3 60 N .
. HN ?/NEH N}//N\ SPU R= -CEC-CH3 _"_—-—_._.q__‘__‘___‘_‘ - o
50 - =
0 U R-H _ _d_-:—"”‘im,l
A T WoU O 40 - e 3
2.-!’ » - - e og—
] 30 i :;'__,__._...- =
R = | ol _ R=— ¥ -
e I—
N 0’_‘H N C R:H 20 d T —_— -
a4 ; ——
% A e,
/N%N*NH"N% I‘i e R = -CH;, 10 -
. N-H—O 1Bt R = -CH,CH, 0 . : _.
G C,*™Cor*C 0 1 2 3 4 5
TMACI concentration (V)

Figure 3. Structures of the natural and modified AT, AGPW, GC, GMeC

and GEC base pairs.
Figure 5. Melting temperature variation of natural and modified duplexes
involving 4MeC, 4EIC, U or5PU according to the TMACI concentration. grey

70 line with cross, duplet (ATA/TAT); brown line with open circle, duplel
(TTA/AAT); magenta line with closed square, dupeXAAA/TTT); dark
60 - purple line with closed diamond, dupl@éXCCG/GGC); red line with closed
50 rectangle, duplexil (G4ECG/“EK:G“E_'C); green line withx, duplex 15
(4MecaMeCcG/GGMEC); blue full line withx , duplex16 (CPUSPUA/AA SPU);
o 40 - yellow line with closed triangle, dupl_e)i? (AAA/UUU). Duplexes
-1 5'-d[To(abckT,]-3'/3'-d(defz-5' are symbolized by abc/def
E 30 - a.. o
20 8: .-_-ac. EREN
s Tt to the isostabilizing concentration, studies were carried out with
10 duplexes having different sequence and base compositions4 Table
0 givesT, data for 15 duplexes (duplexe® and5 containing nine
' ' ' AT base pairs; duplexek83-23 composed of six AT and three
0 1 2 3 4 5 G*EC base pairs; duplex@8, 14, 24 and25 built with three AT

TMACI concentration (M) and six GEC base pairs and duplexisand12 involving nine
GA*E'C base pairs) in the presence of 1 M TMACI or 1 M NaCl.
With the exception of dupleX3, all duplexes built with AT and
Figure 4. Melting temperature variation of natural and modified duplexes AT/G*EC base pairs havhy, slightly higher in the presence of
involving 4MeC or 4E'C according to the TMACI concentration. Dark purple 1 M TMACI than in the presence of 1 M NaCl, while duplekkes
line with closed diamond, dupleék (GCG/CGC); magenta line with closed gnd12 containing nine &F'C base pairs are slightly less stable in

square, duplext (CCG/GGC); green line with closed triangle, dup@x : ; . :
(TCCIAGG): blue line with closed circle, duple® (TGG/ACC): dark purple ~ + M TMACI solution than in NaCl solution. Thg, difference

dotted line with open diamond, duplix (G*ECGAECGIEC); green dotted  ODSErVed between the more stable duplex (d@0lebnz0 = 32°C)
line with open triangle, duplebd (TAEIC4EIC/AGG); blue dotted line withopen ~ and the less stable duplex (duple3 Tmi3 = 18°C) in the
circle, duplex14 (TGG/A'EIC4EC); magenta dotted line with open square, presence of TMACI is 14C, which is close to the 22 melting
duplex 15 (*MeCAMECG/GGMEC). Duplexes Sd[Tx(abcyT2l-3/3-d(defs s range determined between dup®S the most thermally stable
are symbolized by abc/def. _
(Tmes = 29.5C), and duplexed3 and 18, the least thermally
stable Trn13=Tm1g = 17.5C), in 1 M NaCl solution. These results

NaCl (Table3). Among the different sets of base pairs, thesUdgest that the hybridization properties of oligorites built

[ASPU/GC] set is especially interesting. In fact, in the presence ¥fith AT and/or GFIC base pairs are similar in either 1 M TMACI

3.5 M TMACI duplexed 6and7 composed of nine®U and GC ~ OF NaCl solutlon._ At the _|sostab|I|zmg concentration of 1 M,

base pairs, respectively, are more stable than the natural duplek®A ™ (representing a ratio of 68 000 cations/phosphate) has a

1and7in 5.5 M TMACI solution. Moreover these new base pair$light effect on the stabilization of AT sequences or on the

require a TMACI concentration of 3.5 M, clearly lower than thedestabilization of ¢FC sequences.

one necessary for natural oligomers (5.5 M). It is important to

note that 5.5 M TMA is nearly its saturation concentration which DISCUSSION

makes the solution very viscous and hence difficult to manipulate. _ S ) o
Sequencing by hybridization requires DNA duplexes with similar

Stability of duplexes built with AT and/or G4E'C base pairs stqbilit'y. Among the several approaches developed to achieve this

in the presence of TMA and Na" ions objective, the one based on the use of chaotropic solvents
(11-19,31,32) and the recently reported one based on the

To know the sequence effect on the stability of duplexes built witmodification of oligonucleotide®(20-22) possess real potential

AT and/or GEC base pairs in 1 M TMAsolution, which is close  applications. However, the first approach requiring high
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Table 3. TMACI concentration leading to different systems of duplexes, Table 4.Melting temperatures of duplexes involving AT and/6FG
involving nine natural or modified AT or GC base pairs, thermally
isostable
Duplex Tm (°C) Base pair
number
NaCl TMACI
1M n° Sequence® NaCl |TMACl| AT | G*®C
n° Duplex* 1M 1M
Tm Tm | Molarity
(s} (o] s a
CO | CO | M) vl L A T s | 225 | o 0
T. [ A T Al T T, (A T T T,
1 - 185 | 225 1 A N 205 | 265 9 0
~ 1.1
s s 3 T, [A A Al T
n LG TS e 27 | 235 N R T I R I
s 4EL, T 3
T, [T T Al T 18| ST T Tl g5 | g5 6
N 19 | 29 (6 a A 3
~2
| LS T T T oy 30 6 3
15 T, [Mec M Gl ™ [C A Als
Lo G g 335 | 295
T, [A T B T,
6|’ PUoU AT % r a Gk 285 32 6 3
L a A Pyl 31 ~ 35
~ 1.1 ST, 4 3
a| PR3 e T o2 | s 6 3
15 | T e e Gl T '
L 6 G Mec] 33.5 ~ 33 . - R
n| BFey DT 2es | n 6 3
1 T, [A T Al T
LT A Tk 185 39 s ™~ ,
~55 < B < T S| 6 3
3
7 . [c ¢ Gl ™, 635 39
3 5 5 4EL 3 o 3
lec 6 cl - | IS Wl R X 235 3 6
16 T, [*fu Fy Al T 31 50 S -
5] R 4] 3
La A as 5| "Ll 5 W T 205 | s0s 3 6
7 T, c I Gl Ts'z T, [T B A&C] T
6 G ¢l 635 | 50 13 A o o | 175 18 3 6
T, [T G G T,
‘ ‘ 14 o 4 20.5 22 3 6
2All sequences are in ‘deoxy’ series. 4 Te e
' 4By, "
U I I X A - I 9
concentrations of TMAions leads to very viscous solutions and
manipulation difficulties. Moreover, its effect on the stability of | 12 ‘T, }"“GC ol ,,gll T 3 21 0 9
DNA duplexes is complex and not very efficient for short

sequencesld), which are used in the strategy of sequencing by

hybridization in order to reduce the number of probes to be | o 4 an olicomer strand concentrationdf &
immobilized. The use of [AT/@tC] or [ASPU/G4MeC] base pair 18-2 M sodium cacodylate p?—i 7 buffer containing 1 Mmll\laCI and
sets allowed DNA duplexes to be obtained whose thermal 5 x 10-4m EDTA or in 50 mM Tris—HCI, pH 8, buffer containing
stability is independent of their base content in a classical buffer, 1 M TMACI and 2x 10-3M EDTA.

containing NaCl. However, this approach based on the chemical 2all sequences are in ‘deoxy’ series.

modulation of the relative stability of AT and GC base pairs not

only involves difficult synthetic work but is also inflexible.

The use of moderate concentrations of TMACI along with theffect on AT-rich sequences, while its destabilizing effect on
chemical modification of duplexes allow a fine adjustmefi,pf GC-rich sequences is weaker compared with that of its ETMA
and the possibility of obtaining other duplex systems with variednalog. The differential stabilizing effect of small ammonium
isostabilized temperatures. This approach considerably increasagions on AT and GC base pairs was attributed to the decreasing
the number of choices concerning the chemical nature @blar character of the solvent leading to a general destabilization
duplexes and hybridization conditions. Among the quaternanyfthe base pair stacking interactions compensated by preferential
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