
Eur Biophys J (1987) 14:423-430 European 
Biophysics Journal 
© Springer-Verlag 1987 

Normal coordinate analysis of 2'-deoxythymidine 
and 2'-deoxyadenosine 
R. Letellier, M. Ghomi, and E. Taillandier* 

Laboratoire de Spectroscopic Biomol~culaire, U.F.R. Biom~dicale de Bobigny, Universit6 Paris XIII, 74, Rue Marcel Cachin, 
F- 93012 Bobigny, Cedex, France 

Received July 29, 1986/Accepted in revised form December 2, 1986 

Abstract. The proposed valence force field allows us 
to reproduce the vibration modes of 2'-deoxythymi- 
dine and 2'-deoxyadenosine. The present calcula- 
tions are based on the Wilson GF-method and a 
non-redundant set of symmetrical coordinates. The 
calculated wavenumbers have been compared to the 
available Raman and infrared peak positions ob- 
served in solid, amorphous or aqueous samples. 
Moreover, the results obtained with the present 
force field allow us to assign some of the character- 
istic vibration modes for the thymidine and adeno- 
sine residues involved in DNA double-helical 
chains. 
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Introduction 

We have recently published the normal coordinate 
analysis of 5'-dGMP (Ghomi and Taillandier 1985) 
and 2'-deoxycytidine (2'-dC) (Letellier et al. 1986). 
The non-redundant force field obtained in these 
calculations was also able to reproduce the vibra- 
tional characteristics of the cytidine (dC) and 
guanosine (dG) residues involved in DNA double 
helical chains (Letellier et al. 1986). 

New spectroscopic studies on oligonucleotides 
and polynucleotides show that adenosine (dA) and 
thymidine (dT) residues may exist in both right- 
and left-handed conformations (Thomas and Peti- 
colas 1983; Benevides et al. 1984; Thomas and Bene- 
vides 1985; Joll6s et al. 1985; Adam et al. 1986a, b). 
Moreover, some of the characteristic vibration 
modes of the dT and dA residues are found to be 
altered by both right ~ right and right-~ left con- 
formational transitions. It would therefore be help- 
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ful to interpret these experimental phenomena by a 
normal coordinate treatment. 

In this paper, our purpose is to obtain a reliable 
force field for 2'-deoxythymidine (2'-dT) and T-de- 
oxyadenosine (2'-dA) for which recent Raman and 
infrared data are available. Obviously, the present 
calculations constitute the first step in the vibration 
mode analysis of the dT and dA residues encoun- 
tered in oligonucleotides and polynucleotides. 

Calculations 

The normal coordinate analysis detailed here has 
been made using the Wilson GF-method (Wilson 
et al. 1955). The calculation formalism and the nota- 
tions have been described in our former papers 
(Ghomi et al. 1985; Letellier et al. 1986). 

To perform the numerical calculations, the origi- 
nal NCTB program (Shimanouchi 1968) has been 
vectorized in order to improve its run time on a 
Cray-ls computer. The array processing consider- 
ably accelerates the numerical calculations in com- 
parison with the classical scalar computers. 

As the out-of-plane modes of the pyrimidine and 
purine bases, particularly those of the thymine and 
adenine residues have been studied recently (Letel- 
lier et al. 1987a, b), our attention in this paper was 
especially focused on the planar modes of the bases. 
On the basis of these considerations, one expects 78 
vibration modes from 2'-dT and 75 from 2'-dA. 
99 internal coordinates are numbered in both 2'-dT 
(32 stretchings + 57 bendings + 10 torsions) and 
2'-dA (33 stretchings + 57 bendings + 9 torsions). 
So, there are 22 redundant coordinates in 2'-dT and 
24 in 2'-dA. To preserve the harmonic approxima- 
tion of the potential field, these redundant coordi- 
nates have been removed by a standard B •/~ matrix- 
product diagonalization procedure (Gusoni and 
Zerbi 1968) in order to obtain as many internal co- 
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ordinates as the expected vibration modes (normal 
coordinates). As in the case of  5 '-dGMP, the local 
symmetry of the different molecular sites has been 
taken into consideration and the redundancies have 
been resolved in the bases, sugars and C5'-tetra- 
hedral sites separately (Ghomi and Taillandier 
1985). 

To construct B and G matrices the crystal struc- 
ture of  2'-dT (Young et al. 1969) and that of  2'-dA 
(Watson et al. 1965) have been used. Both of the 
nucleosides are in anti position and contain a C3'- 

exo sugar pucker. 
The elements of the interatomic interaction 

matrix, F, have been evaluated by a valence force 
field approximation• For  the thymine-residue, we 
have used the uracil force constants (Ghomi et al. 
1986) as initial values and introduced the methyl- 
group force field (Susi and Ard 1975) in the C5- 
position and also the supplementary force constants 
which taken into account the H ~ C replacement in 
the Nl-site. Then, the force constants have been 
slightly refined around their initial values in order 
to obtain a good agreement for 2'-dT and its N3- 
deuterated analog wavenumbers (Table 1 a). As far 
as the adenine-residue is concerned, the stretching 
and bending force constants; i.e. diagonal terms of  
the F matrix, are those adopted by Majoube (1985) 
in his recent normal coordinate analysis• Unfortu- 
nately, non-diagonal valence force constants were 
not available and our preliminary calculations with 
only Majoube's diagonal force constants gave a very 
poor agreement with the experimental results espe- 
cially with those arising from the C8-deuterated 
analog of  2'-dA. 

We have therefore introduced a reasonable set of  
interaction force constants (Table 1 b) and refined 
them in order to improve the agreement between 
the experimental and calculated results. Sugar force 
constants are those used in our previous calculations 
on 5 ' -dGMP and 2'-dC (Ghomi and Taillandier 
1985; Letellier et al. 1986). 

Cartesian displacements of  the vibrating atoms, 
i.e. elements of  the L~ matrix, have been transferred 
to a DPS 6/96 CIl-Honeywell Bull computer  con- 
nected to a SE-293 BBC plotter in order to draw the 
molecular deformations during the selected charac- 
teristic vibration modes. 

Results and discussion 

FT-IR and off-resonance Raman spectra of  2'-dT 
(,~exc. -~- 514.5 nm) in the solid state, have been per- 
formed by Mathlouthi etal .  (1984) and resonant 
Raman spectra of 2'-dT and 2'-dA (2 .... = 257 nm) in 
solution (pH 7) studied by Joll6s et al. (1985). The 

Table l a. Force constants of the thymine-residue. Bond- 
stretch and stretch-stretch interaction force constants are in 
mdyne/A. Angular bending, bend-bend interaction and tor- 
sion force constants in mdyne/A. Stretch-bend interaction 
force constants are in mdyne. The notations and symbols are 
those used by Susi and Ard (1975). (a) Values used in our 
former calculations on uracil and its ~80-derivatives (Ghomi 
et al. 1986); (b) Present work; (c) Susi and Ard (1975) 
' -  . . . . . . . . . . . . . . . . . . . . . . . .  ~ 7 ; ~ ; ~ ; ~ - - ~ ; 2 ~ - - ; ; ~ ; ~ ; ; ~ ;  . . . . . . . . . . . . . . . . . . . . . . .  ' 

Bond-s~retch F.C. Angular bending F.C, 

' -  . . . . . . . . . . . .  - . . . .  ? ; T  . . . . . . . . . . . . . . . . .  ~ )  ' . . . . . . . . . . . .  ' . . . . .  7 ~  . . . . . . . . .  7 ;7"  

C1" -N~  3 . 9 6  C ~ ' - N ' I  1 . 9 0 9  , 

N-H 5.  5 6 8  5 . 5 ~ 8  N-H O. 412  O. 4 0 3 ,  

C-H 5.292 5.292 C-H 0.409 0.475~ 

C-N 6 . 3 8  ~ . 2 8  C=O 1 , 2 1 3  % 2 1 3  

C-C ~,202 g. 37 

o==~/ 1.~47 I.g57, 
C=O 11.80 10 ,70  I 

C=C B.O0 ~ . 0 0  ~ - - - c ~  0 . 6 2 1  0 , 6 2 1 ~  
i / i 

. . . . . . . . . . . .  ~ . . . . . . . . . . . . .  , . . . . . . . . . . .  . ~ - - ~ ' ~  0 . 8 0 8  %008~ 
Torsion F . C .  r 

C5-CH3 0 . 1 ~  
' N o n - d t a g o n a ~  fom~e c o n s ~ a n f s  ' ' 

' -  . . . . . . . . . . .  ' . . . . .  7 ; ~  . . . . .  ' - - - 7 9 7  . . . . .  ' . . . . . . . . . . . .  ' . . . . .  7 ; ~  . . . . . .  ' - - ~gT~  

o r f h o  %044 1 . 2 0 0 ~  
0 . 6 ~ 4  O.BO ~ - 0 , 3 5 6 ~  

p~ua 0.557 0.557~ 

~ . 4 2 1  0 . 4 2 ~  C=O~C=C -~.226 ~ - 0 , 2 2 6 ~  

C = O ~ r l n g  1 . 3 9 1  1 .191~  

~ - O, 177 13, 197 

' -  . . . . . . . . . . . . . . . . . . . . . . .  ~ 7 ; 7 7 - ~ ; ~ - T g ; ~ g - ; ; ~ ; 7 ; ~ 7 ;  . . . . . . . . . . . . . . . . . . . . .  ' 

' - . . . . . . . . . . .  l . . . . .  - 777 - - - 7  - ° - - - 76 ;  . . . .  i . . . . . . . . . . . .  ; - - - 707  . . . . . . . .  ' - - 707 - '  

C5-CH3 s f .  ~ 4 . 8 8 ~  ± O.~7B 5 , ~ 8 9  ~ C5-CH3 ~ . 0 ~ 4  ± 0 , 0 7 ~  1 .014~  

Symm. s f ,  ~ 4 . 9 5 6  ± 0 . 0 3 4  4 . 9 5 5  ~ S7~m. b e n d . ~ O . 5 6 ~  ± 02009  0 . 4 4 5 ,  

A~xmm, s f r , ~ 4 . Z 4 G  ± 9 , 0 3 2  4.74G ~A~zmm. b e n d , ~ 0 . 5 3 8  ± 0 . 0 0 9  0 . 4 0 5 ~  

~ 0 , 6 6 3  ± 0 . 0 2 1  0 .493~  , Rocklng 

~C-CH3 S f r . ~  ~ ,C -CH3 S~r.~ 
RInB ~tn.~0.47q ± 0. I15 0.471 ~ SXmm. bend~ -0.4E5 ~-0.465~ 

Table 1 b. Non-diagonal force constants of the adenine-residue. 
The diagonal force constants are those used by Majoube 
(1985) in his normal coordinate analysis of the adenine- 
residue (py): pyrimidic ring; (in): imidazolic ring 

'- ................. ~ - ; 7 ~ - - 2 ~ ; 7 ~  .................... ' 

Non-diagonal for'ce c o n s f a n f s  

SIP.-SIP. F.C. (mdyn/A) Sir.-bend. F.C. (mdyn) 
i . . . . . . . . . . . .  i . . . . . . . . . . . . .  , . . . . . . . . . . . .  I . . . . . . . . . . . . .  

C = C , C - C ( p x I ~  O.50(t  C-N~DCHfpy)~ 0 . 2 0 0  

C-C,C=NEpx)~  0 . 5 0 0  C=N, DCH(px)~ 0 • 2 0 0  
a 

C=N,C-N(py)~J 0 . 6 5 1  C=C, DR (pv)'~ 0 .8 " I0  

C = C , C - N ( p x ) ~  0.500 C-C, DR (p7)'I 0 . 4 4 8  
i 

~CC, CN</m,pX)~ 0.680 C=N, DR ( p y ) l  0 . 3 2 2  

ICN, CN(I ta,  pX)~ 0 . 6 0 0  C-N, DR {PX)~ 8.63"1 

C6-N6,  t ' l n g  i 0 .50 " I  ,C6-NG,  gR<pX)~ 9 .43 " i  

CS=N7, C2=NJ~ - 0 • 1 0 0  C=N, DCHttrn)~ 0 , 0 8 8  
m 

C8=N7, C4=C5~ 0 . 1 0 0  C-N, DCH(Im)*~ 0 . 4 0 0  

C2=93~ C4=C5~ 0 . 2 0 8  C=C, DI~ ( I m ) ~ 13 • 530 

a . . . . . . . . . . . .  i . . . . . . . . . . . . .  , 
B e n d . - b e n d .  F , C .  Ondy,q.A) ,  C=N, DRIIrn)J~ 13.631 

i . . . . . . . . . . . .  i . . . . . . . . . . . . .  i 

NZCH, N3CH 0.3013 , C-N, DE'(hn)'~ 0 . 5 3 1  

N7CH, N'1CH -0.12"I13 '~C1"Ng, DR(Ito)~m 13.530 
i 

NgCH, N3CH 0. 290 ~ CC, DR ( Ira ~ p y  ) ! 0,2613 

NgCH, NqCH - 0 . ' i 5 0 " i  J, CN, DR<~m, pXJ'~ 1.2313 
, - . . . . . . . . . . .  , . . . . . . . . . . . . .  ,, . . . . . . . . . . . .  ,, . . . . . . . . . . . . . .  
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Fig. 1. Infrared absorption spectra of the thin films of 
amorphous 2'-deoxythymidine (up) and 2'-deoxyadeno- 
sine (down) 

infrared spectra of the thin films of amorphous 
2'-dT and 2'-dA recorded in our laboratory are 
shown in Fig. 1 for the spectral region between 1800 
and 700 cm -~. The above experimental data together 
with the 2'-dT infrared spectrum in DRO (N3- 
deuterated) and that for the 2'-dA: C8-deuterated 
derivative (spectra not shown) have been utilized 
for adjusting the force constants as well as for com- 
parison with the calculated results (Tables 2, 3 
and 4). 

A. 2'-deo~xvthymidine and its N3-deuterated analog 

Table 2 compares the calculated and experimental 
wavenumbers for 2'-deoxythymidine between 1800 
and 650 cm -1. In Table 4, the comparison was made 
between the experimental and calculated infrared 
band-shifts (amorphous sample) upon N3-deutera- 
tion. 

The majority of the infrared and Raman bands 
in the 1800-1270 cm -~ region originate from the 
thymidine-residue. It is obvious that because of the 
crystalline field and Fermi-resonance effects the 
number of peaks observed in solid samples is larger 
than that predicted from the normal coordinate cal- 
culations on an isolated molecule. So, we have made 
our assignments on the basis of the experimental 
results arising from aqueous or amorphous samples. 
Between 1800 and 1600 cm -~, the vibrational spec- 
tra mainly arise from the C=  O and C= C bond- 
stretch modes. They give rise to an intense and non- 
resolved infrared band situated at 1695 cm -1, not 
affected by N3-deuteration. The intense infrared 
band situated around 1475cm -1 (Fig. 2) is that 
observed in poly d (A-T). poly d (A-T) spectra for 
both right- and left-handed conformations (Adam 
etal. 1986a, b). In contrast, the vibration mode 
around 1410 cm -1 (Fig. 2) shifts from 1425 cm -1 to 

1401 cm -1 in poly d ( A - T ) ,  poly d (A-T)  infrared 
spectra upon the B ---> Z transition. The sugar-pucker 
CH2-scissoring mode situated around 1315 cm -~ in 
2'-dT (Fig. 2) is found to be altered by the right -+ 
right transition of poly d (A-T) • poly d (A-T) show- 
ing an infrared band-shift from 1327 cm-1 (B form) 
to 1317 cm-: (A form). The intense infrared band 
around 1275 cm -1 (Fig. 2) arises from the thymine- 
residue and is sensitive to N3-deuteration which 
makes it shift toward higher wavenumbers (Table 4). 

The good agreement between the experimental 
and calculated wavenumbers situated below 1250 
cm -1, corresponding mainly to the sugar vibration 
modes, confirms the validity of the 2'-deoxyribose 
force field. In Fig. 2 we have illustrated graphically 
the sugar modes responsible for the two intense in- 
frared bands situated at 1095 and 1055cm -1 
(Table 2). 

The infrared band at 765 cm -1, also observed in 
polynucleotide spectra (Adam etal. 1986a, b), has 
been assigned to the thymine-residue out-of-plane 
vibrations by our very recent calculations (Letellier 
et al. 1987a). 

B. 2'-deoxyadenosine and its C8-deuterated analog 

In Table 3, a comparison has been made between 
the experimental and calculated wavenumbers of 
2'-dA in the 1800-700cm -1 spectral region. In 
Table 4 the calculated wavenumber-shifts are com- 
pared to the infrared band displacements upon C8- 
deuteration in the adenine residue. 

On the basis of the calculated results, the in- 
frared bands situated at 1650, 1604, 1578 and 
1510 cm -1 involve mainly the pyrimidic ring vibra- 
tions (Fig. 3). The last one gives rise to an intense 
Raman peak observed in the A and B forms of 
poly d (A-T) - poly d (A-T) (Thomas and Benevides 
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Table2. Comparison between the experimental and calculated results for 2'-deoxythymidine. (a) The wavenumbers (cm -~) of 
2'-dT neutral solution resonant Raman spectrum (2exc. = 257 nm) (Joll& et al. (1985); (b) Off-resonance Raman peak positions of 
the crystalline 2'-dT (2e×c. = 514.5 nm) (Mathlouthi et al. 1984); (c) FT-IR peak positions of the crystalline 2'-dT (2ex~. = 514.5 rim) 
(Mathlouthi et al. 1984); (d) I.R. wavenumbers of the thin films of amorphous 2'-dT (see also Fig. 1). The assignments are based 
on the internal coordinates for which the potential energy distribution (PED in per cent) is reported 

EXP ER I ,h(< N FAt_. : CALCLJJ_A I"ED EXP ER ~[ ,hEN IAI_. : CALCLILA I I  D 

: FRE.(,/. A S S I G N M E N T S  (PE r) Y.) IR  FRE:(~. AS~;]:GNHE:NTS (P I :D  X )  

c c :: :) c : I I l i ;  0 1 ' 0 4 " H  ( 3 5 ) P O ' I ' C l " H  ( 1 " 1 ) ;  
"1705 "1756 0 2 = 0 2  ( 4 9 ) ~ C 4 = 0 6  ( 2 5 )  1 1 0 4  1"100 : C',5"C4%1 ( 1 0 ) ; 0 " 1 " - 0 2 "  (8) 

: I 0 9  "d : : . 1095 

1 7 1 5  
d 

t & 9 5  
: 1 6 8 6  0 4 = 0 4  ( 3 5 ) ~ C 2 = 0 2 "  ( ' 1 9 7 ~ C 5 = C 6  ( 1 2 ; '  

a "1666 b c : 
"1656 [ 6 6 5  : 1649 0 5 = C 6  ( 4 1 ) ~ C 4 = 0 4  ( 2 1 )  .1068b  

b 
• 1 6 4 2  ~ b 

1 4 7 & a  b c d "I054 
1 4 8 6  1 4 8 2  1 4 7 5  1 4 2 0  0 4 ~ 0 5  ( 2 4 ) ~ N 1 " C 2  ( 1 3 )  

b c : " 1 0 2 8  b 
"1460 "l 4 6 0  

b c : b 
1440 1 4 4 0  :: ~1~43 CI [3 "- ~ lSSZl l ln le~r i~  d e l ~ O l ' l n ~ t i o n  ( 8 ~ )  1 0 2 0  

b c I 4 '10 d : " 1 4 0 8  1 4  I 5 I 4 I 6 N I - C  6 ( 2 4  ) ~ C "1 " -" H i ( 1 [) ) ~ C 5 C 5 H ( 9 ) ~ 
c: : N 1 C 6 H  ( 7 )  

t 405 

b c 1 " 8  ='d : 
1:292 1 3 9 2  a ~ 1 3 8 8  CH3 - s y m m e t r i c  d e ? o r m a t i o n  ( 3 9 ) ;  ~ 

: C'l " -N'I ( 8 ) b c 
a b c d : 976 975 

1 3 7 2  "1368 " [ 3 6 5  "1370 1 3 7 8  0143 • s y m m e t r i c  de fo rmat ion  ( q g ) ~  " b c: d 
: C2- 'N3  ( ' 1 0 ) ; C 5 " - C H 3  ( 8 ) ~ N 1 - C 6  (6) 9 6 4  960 955 

b c : 
"1326 1340  : I 3 2 5  H C 2 ' H  ( ' 1 9 ) ~ C 4 ~ - - 0 " [  ' ( I O ) P  

C d : 04~-05 ~ ( ? ) ~ 0 1 ' - 0 1 "  (9) 

"I 3 2 0  "1 q '15 : 
: 1 3 0 9  H C 2 " H  ( 3 8 )  7 [ : 4 ' - 0 ' 1  " ( 6 )  ; ~ 0 4 " - 0 5 '  (6) 

c 
1 2 9 ; !  : '13[)3 C 4 " - . C 5 "  ( 1 0 ) ; ' N 3 - C 4  ( 9 ) ~ N " l C l ' , h  ( 7 ) ~  ~ 

: 0 5 0 6 H  (6) 94 [}c. d 
b C I - r  =d 9 [  6 

128":,! "1275 ~ . / ,  I 2 7 6  CN3H ( 3 5 ) ~ [ ] 5 - - [ : H 3  ( 1 4 ) ~ H 1 C 6 H  ( 8 ) ~  b c 

: 0 5 0 6 H  ( 6 )  9 0 2  9 0 0  
c: c 

"1255 : 1 2 5 5  C3 ' - 0 3  " ( '13  ) ~ 0 4  ' "-01 ~ ( 8 ) ~ /183 
: 0 1 ~ - . 0 [  ' (7)~HC3"03" (7) 

:: 12!43 0 5 ' 0 5 ' l l  ( 6 4 )  H ' f C 5 ' H  ( 7 )  H 2 5 ' - 0 5 '  ( 7 )  B741:' p.,.j::,,, ~ 8 7 0 d  

12'2~'3 ! JCN 'H  ( 5 2 )  ; ~ O 5 r C S " H  (12) 
a b c d : b c 

"1234 [ 2 3 2  r 2 2 5  .1230 1 2 2 2  CN3H (2::~)~C',J-..C!13 ( 2 3 ) ; ~ C 2 - H 3  ( 4 )  8 5 4  Bb2  

b ,= d 
• [20.2 1200  1200 : "1210 C 3 " 0 3 ' H  ( 3 0 )  ; C 2 ~ " C 3  " ( ' 1 2 )  ; 

: [ :3  ~ "- '03 ' < 9 ) 1~ [ ;3  r '  '[2;~, ' (E;) 

b C d 

: 1188 CI'-C27 (11)~0"I'C4'II <'I0);~ 794 792 787 
: C'I ~ 0 1 "  ( 9 ) ~ C 2 ' C 1 " 1 i  (7) 
: b c: 

l J S , ~  0 3 ' 0 3 ' H  ( 2 0 ) ~ C 4 ' " C b '  (SO);: 738 7 3 4  
"1 q 7 6  b c "1175 : C 3 ' - - C z * "  ( " t 4 ) ~ 0 2 ' C 2 ' H  (6) 

P 1 5 7  C 4 " C 5 " H  ( 1 6 ) ; : C 4 ~ - C 5  " ( 1 3 ) ; ~  
: 0 5 " C 5 " 1 1  (I0) 

1 1 2 4 b  c d :: 6 7 6  b c: 1 1 2 2  1 1 3 2  1 1 3 3  N I - C 2  ( . I 2 ) ; C ~ , ' C S " I I  ( 1 0 ) ; ~  62"2 
:: N 3 . - 0 4  ( 1 0 ) ~ 0 4 - C 5  ( 8 )  

C 
"1070 

d 
"1055 

C 
1030 

C 
"I 0 I 2 

b c d 
"1006 '1005 9 9 5  

C 2 " N 3  ( t 8 )  ; i ' I 3 - C 4  ( ' r 5 )  ~N1- .C6 ( 9 )  
: C 2 " C . I " H  (1 .1)~0 '1 'D.1 '1 . . I  ( 1 0 )  

, 1 0 ~ 4  O I ' C / ' H  ( ' 1 4 ) ~ N ' l C 1 " 1 4  ( 1 3 ) ~  
: C 4 ' - ' C 5 "  ( 9 ) ~ C 3 " - 0 3 "  ( 8 )  

: 102,0 C 3 " 0 3 ' H  ( 2 8 ) ; 0 ' 1 ~ C 1 7 H  ( ' 1 2 ) ;  ~ 
: C 2 r - C 3  ' ( I ' [ ) ~ C 2 - N 3  (7) 

: 1 0 3 3  C ' I ' C 2 ' H  ( 2 4 ) ~ C 3 ' - C 4 '  ('1C1)~ 
: C 3 ' - 0 3 '  (7) 

1022 C2'-C3' ('16)~C3"03'H (12)~ ~ 
: Oll " 0 t  ' H  ( 8 )  

: 2 9 3  C 3 " C 4 ' H  ( ' 1 5 ) ; C 5 " C 4 ~ H  ( 1 2 ) ~  
: 0 5 " C 5 " H  ( 1 ' 1 ) ~ 0 5 ' - 0 5 '  ( 8 )  

9 8 2  CH3 - r o c k  i r i s  

9 5 8  C 5 ' - 0 5 '  ( 1 4 ) ; C 5 ' 0 4 ~ H  ( ' l q )  

: 9 4 9  0 5 ' C 5 " H  ( 2 ' 1 ) ~ C 4 ~ C 5 ' H  ( 2 0 ) ~  
: C 3 ' C 4 " H  ( ' 1 2 ) ~ C 5 ' - 0 5 "  ( ' 1 9 )  
: 0 2 " - C 3 "  (9) 

: 936 C5"-'05" ( 2 8 ) ~ C 3 " C 2 ' H  ( 1 6 ) ;  
: C I ' C 2 ' H  (13) 
r: 

9i9 C4'C5"H (29)~05"C5"H (26); ~ 

: 0 4  ~ --0"1 ' (9) 

: 886 C 3 ' - ( ) 3 '  (26)~C3"C2"II (!4)i= 

: [ ; 5 ~ - ' 0 5 "  ( ' 1 2 ) ~ C 2 ' - C 3 '  (9 ; ,  

: 8 8 5  C5.~CH3 ( "16 ) ~ C 4 - C 5  ( "12 > 

854 C 4 q ] 3 " H  ( 3 7 ) ~ C 2 " C 3 ' H  ( 3 3 )  

11 8 5 5  C 4 r C b "H ( 29  ) ~ 0,5 ~ [2 bJ ' H ( 2 0  ) ;~ 
C 4 ~ " 01 " ( i 8 ) 

:1 ~ 2 2  C2::~:02 ( ! 4 ) # N [ -"C6 ( "12 ) ;~ 
# C 4 - C 5  <8) r N I  ( X '  ( 8 ; ,  

773 C[~ ' - 'N ' [  ( i 4 ) ; C 5 " C H 3  (7)P 

: N ' I C ' I  ' 0 1 '  ( 7 )  

: 7 2 5  C 1 " - 0 " 1 '  ( ' l b ) H q B C S 0 4  ( 8 ) ~  

:: 707 0 3 ' C 4 ' 0 ~ '  ( ' 1 4 ~ ) ~ 0 3 " C 2 q [  ( i 4 ) ;  
0 2 ' 0 3 ~ C 4  ' ( I { )  

: 6 6 9  C2N3C4  ( ' 1 0 )  ;~NSC4C5 ( 9 )  
C 2 " 0 " 1 " 0 1 "  ( 9 ) ~ C ' [ ' 0 " 1 " C 4 '  (7) 

1985). The 1480 cm -~ infrared band has an imid- 
azolic character and is sensitive to C8-deuteration. 
In polynucleotide infrared spectra this mode is 
superimposed on that arising from the thymine 
residue (Table 2, Fig. 2). The vibration mode at 
1,420 cm -~ is also shifted by C8-deuteration and is 
found to be altered by both the right--* right and 
right --* left-handed conformational transitions (Adam 
etal.  1986a, b). As in the case of p o l y d ( G - C )  
• poly d ( G - C )  (Ghomi  et al. 1984) the vibration 
mode involving mainly the C I ' - N 9  bond-stretch 
vibration is taken to be one of the most important 
infrared markers for detecting the right-+ left- 
handed transition of poly d (A-T)  • poly d ( A - T ) .  
The present calculations assign this vibration mode 
to the 2'-dA infrared band situated at 1,370 cm -1 
(Fig. 3, Table 3). 

Finally, the vibration mode at 1335 cm -1 (Ra- 
man and infrared spectra) altered by C8-deuteration 
(Table 4) is found around 1340 cm -1 in both right- 
and left-handed forms of poly d (A-T)  • poly d (A-T).  

Below 1250 cm -1, the calculated results take ac- 
count of  the infrared modes arising from the sugar 
vibration modes• 

It should be mentioned that the narrow infrared 
band situated at 796 cm -~ is assigned to an adenine- 
residue out-of-plane vibration mode by our recent 
calculations (Letellier et al. 1987 b). 

Conclusion 

As shown above, our non-redundant valence force 
field allows us to assign the most characteristic 
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Table 3. Comparison between the experimental and calculated results for 2'-deoxyadenosine. (a) Resonant Raman peak positions 
(2 .... = 257 nm) from 2'-dA neutral solutions (Joll~s et al. 1984); (b) I.R. wavenumbers of the thin films of amorphous 2'-dA (see 
also Fig. 1). The assignments are based on the internal coordinates for which the potential energy distribution (PED in per cent) 
is reported 
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Table4. Effect of deuteration in N3-site of the thymine 
residue in 2'-dT and in C8-site of the adenine-residue in 
2'-dA. The calculated shift (in cm -l)  is reported in parenthesis 
in front of each characteristic wavenumber. In the same 
manner the I.R. (amorphous samples) band shifts are indi- 
cated. - -  non-measurable, ** I.R. bands appearing after 
deuteration 
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4385 (0) 1388 (-2) 
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1325 ( - I )  
1315 (--) 

1 3 0 9  (O) 

1275 (+25J 1276 (+24) 

1230 (+10)  1 2 2 2  (+18)  

1200 (O) 1210 (+1) 

1132 (+18) 1133 (+9) 

1095 (+3) 1095 (+5) 

1055 ( - - )  1050 ( - 7 )  

J 1504 ( - 1 )  1812 ( - 8 )  

1578 ( - 3 )  1 5 7 8  ( - 5 )  

1510 ( - - )  t 8 0 8  ( - 1 )  

1480 (-17~.~ 1491 ( - 3 0 1  

1420 1452 ( - 2 9 )  
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109~ (0)  1097 (0)  

940 ( - 4 )  ~44  (OJ 

87Q (--) 885 (-55) 728 (-5) 727 (-8) 

............................ j ........................ 

vibrat ion m o d e s  o f  2'-dT and 2'-dA. It is k n o w n  that 
the conformat ion  o f  both these  nuc leos ides  are 
m o d i f i e d  when  they are found in the right- and left- 
handed D N A  double -he l i ca l  chains.  Consequent ly ,  
the v ibrat ion m o d e s  assoc iated  with  t h e m  wil l  be 
altered by the conformat ional  changes  invo lved  with  
the right --, right or right ---, l e f t -handed transitions.  
In order to interpret this k ind o f  spectral evo lut ion  
the presently proposed  force field s e e m s  to be quite  
promis ing.  
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