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The resonance Raman spectra of a D&1 containiIlrJ bromdexy- 
uridine (DrdUrd), the poly d(FirU-A),are reported, using U.V. laser as a 
sourceof excitation.The conformational change fran theordered, base 
pired form of poljj d&%-A) (at 25°C) to the iWlt& fom at high 
temperature (63“C) is reflected in a pronounced hyperchranism of Raman 
banus at 1627 m-1, 1352 an-1 am3 1230 ax-l. Particularly the band at 1627 
cm-1 assigned to the vibrations of C4 carbonyl which is hydrogen 
bonded to aderuhe increases strohgly its intensity upon melting. This 
represents a new approach for a detection of base unpairing and of 
rrodifications in geaxkry of selective mlecules (drdUrd) in a DWA 
chain in dilute solutions (lo-4 M). 

INI'lXIDUCTION. &mmdeoxyuridine (BrdUrd), the armlog of thymidine, has 

been widely used in biological investigation of DXA functions such as 

replication, transcription, cell differentiation and tmorigenicity in 

a variety of biological systaxs. BrdUrd when incorporated instead of 

tllynidine in DNA pemiits almost normal cell division and ,-netabolisn in 

euracyotic cells (see ref.1 ruvri references cited). In or&x to under- 

stand the molecular nature of these biological functions it is necessary 

to follow the chemical ml structural changes of individual cmponents 

and of selective chemical groups in Dw. 

We present here a new approach for investigations of poly- 

deox;rllucleotide ax-d DNA structure by the application of resonance 
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Raman spectroscopy. It is shown that using ultraviolet, p~llsed laser 

beamas a source of excitationatthewavelengthof 300 nmand aDNA 

which absorbs at the same wavelength, an enz~mtically synthesized poly 

d(BrU-A), it is lzossible to observe selectively only one ccmponent 

DrdUrd. In contrast to the classical Raman spectrosco~, which uses 

liyht sources in the visible region and yields infomations about the 

vibrations of all DNA canpmants (2-4), one can expect that applyirq 

ultraviolet laser and veq dilute comantration (10V4 PI) only one 

absorbing selected chramplmre, i.e. Brdurd, will contribute to the 

resonance&man spectmm (seeref.5 and 6).Other cun~nents of this 

DJA e.g., adenine, are not absorbing at 303 m exciting frequency and 

are not contributing toanenhancexlvibrational Raman spectrum. 

Raman spect.ra~eobtainedwithaJarrel-Ash&tie1400 
double mDnochrcmx&x (slit width 6 cm-l) tiified with quartz optics 
for ultraviolet transnission. A Chrcmatix cT4(4 pulsed tunable laser 
was used as ultraviolet light source at Xx) ran wavelength. A digital 
data pocessing systenwas develoFped to integrate and tomonitor the 
microsecorxllight pulses correqxxxding to the laser ti to the&man 
signals. The tile system would be described elsewhere.* 

The paly d(BrU-A) VEX% enzyr~tically synthesized using DNA- 
polymscase isolated fran M. Luteus (7). DrdUTP was obtained fran 
Terra Marina, poly d(BrU-A) was extensively delxotonized and dialyzed 
against 1 nt"I NaCl (pH 7). 

FCEiJLTS 
The ccqarison of resonance Raman spectra of poly d(EW-A) 

(Pig. 1.b) with that of BrdUrd (Fig. 1.a) shows clearly that all the 

observable bank, are identical. The followi@ bands are observed : 

1) At about 1680 cm-' -1 arxi163Ocm thebards are assigned to carbonyl 

yroup stretching vibrations at position 2 and 4 res~tively, on 

the basis of theoretical calculations of Tsuboi et al. (ref.2) of 

frequencies arrl normal mcde of uracil and methyl uracil vibrations 

and of isotopic replacement by Miles (8). 

* The electronics for the digital detection syslzn was design@ and 
developped in the laboratory (LaboratoireCurie - InstitutduRadium) 
by L. wo1pert. 
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FIGURE 1 

cCiQ3.risOn of re!xmaxe Rmmn spectra of 5-BrdUrd a& ply d(EMJ-A) 
IXESLSW~~ under identical conditions (base concentration 1.3 x 10-4 ~1, 
excitation Wavelength x)0 IX@; a) 5-WdUrd - b) poly d&U-A). Each 
spectrum was reproducal up to 10 times. 

-1 2) The bands at 1420 cm ax-d 1230 rxn-' may be assigned at least 

partiallytoC5<6 doublebond stretchingvihrations (seeTsubi 

et al. ref.2) of mcdurd. 

Under theconlitions ofverydiluteconcentrations of nucleo- 

tides used in our experiments (lo4 M), itwasnecessarytotake into 

account the possibilit;r of contribution of water Raman baMk, which 

waSRX2dsured inc0ntXolexperiments (Fig. 1 k.0ttno). Itawsclearly 
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thatowingtotheenhan- tof thechrcmmphore (Brdurd) ~amanbarrls, 

Mkervi.brationalbar& contribute relatively little to the resonance 

Raman spsctnm, Whereas in the classical Raman spectrum the region 
-1 between1603 cm aIxl 1700 cm-l is obscured by the water contrtition. 

All these spectrawere reproduced several times and no spectral 

chaqesweredetected.Furthermrecontrolexpariments by avery sensi- 

tive differentialmtk& of thermaldenaturationbyabsorbancymeasure- 

mehts at 260 nm of poly d(BrU-A) were performed before arxd after a series 

of resonance FGmanmeasurements.Thedifferential thmnaldenaWation 

profiles were identical. It can be thus concluded that there is m 

pholxchmicalmodification in thecourse of these spectralmeasurements. 

This is due to the features of ultraviolet, plsed laser used, particularly 

of the relatively short duration of exciting pulse (few P secords) ard of 

its relatively low average power (few milliwatts). 

The resonance Raman spectra of lmly d(BrU-A) were measured at 

low (25'C) ski high (63'C) teqxratures when the polymer is ukkrgoirq a 

amformtional change fromits order&, base paired foxm to unordered, 
-1 melted form.Theintensityof theresonanceRamanbands at123Ocm , 

1420 an-l and at 1630 cm-' increases by a factor of 2.2, 2 and 1.8 

respectively. Casparison of poly d(EW-A) Raman spectra measured at 

-1 higkresolution in the region of 1500 m -1800ati1 at law (25°C) 

-1 ad high (63'C) temperatures (Fig. 2) reveals that the bard at 1627 an 

assigned to C4 carbony increases strongly its intensity, whereas the 

bad at 1680 k-1 assigned to C2 carbonyl vibrations shows essentially 

no changes. Thus the resonance l?zmxm hypxhranisn is observed for C4 

carbonyl group which is close ti the C6=C!PBr part of ths molecule, 

anlisnotobsenred for C2 carbonyl.TheC4 carbonylis hydrogenbond&, 

in the polymer, to 5 grcup of adenine and the chaqes in the intensity 

-1 of the 1627 an bad mst be related to the changes of geometry when 

the '?neltingH of secondary structure occurs. No significant spectral 
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FIGURE 2 

?&sonanceRaimn spectra in therqionof1500 cm -1-1300 m-l of 
ply d(BrU-A) at low anit high tmperatures (25'C and 63*C), i.e. in 
ordered. and in rnclted, rarx3m coil form. Experimental corditions as 
in Figure 1. 

shiftsof thebardpositionwereokerved.This factwas confirrmzdby 

measuring classical Raman spectra of poly d(BrU-A) at low (25“C) and 

high (63'C) bmperatwes using continuous argon laser beam (Coherent 

Radiation 52) as a source of excitation in the visible region, at the 

wavelength of 488 nm. Only relatively mall increase in certain bard 

intensitieswzre observed upon '@melting". 
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The absence of shifts in Ran-en bands position has been observed upon the 

melting of poly d(A-'J?) in contrast to the melting of ply Aq-zoly U where 

a displacxment of the 1681 cm -1 band has been reported (4,9). It seens that 

the substitution in the 5 position by methyl (in thymine) or by branine 

(in BrdUrd) is responsible for these differences with uridine polymers. 

In conclusion, the present work demonstrates the importance of 

resonance Raman hypochrcmism. These large changes in intensity of 

resonanceRamanbxxls of 5-BrdUrd substituted plydeoxynucleotides 

should be a useful method for selective detection of changes in geometry 

in a small part of DNA molecule (or oE chraxatine). It will be also a 

useful approach for testimj mechanisn oE replication, transcription arxl 

interaction oE this DNA kith specific proteins for which different 

hyJ?3thesis (Of base unpairing, base tautcmerization) were proposed 

(10-12). 
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