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Abstract: Conformational substates (CSs) of deoxyribonucleic acid (DNA), essential for its dynamics and function,
are spectroscopically revealed by a new low-temperature method. Hydrated films of the sodium salt of DNA containing
up to~100% of the B-form were quenched into the glassy metastable state at 77 K. Attainment of equilibrium in
the glass— liquid transition region by interconversion of CSs was followed isothermally by Fourier transform infrared
spectroscopy. Kinetic analysis of difference spectra revealed two sequential relaxation processes and the spectral
patterns of two distinct CSs of B-DNA, with exponential interconversion kinetics for each vibrational mode. The
characteristic spectral features of the two CSs are also found in the spectrum of B-DNA in aqueous solution. The
relevance of these CSs is discussed with respect to the crystalline state andpbdtéin interaction.

Introduction Scheme 1

In DNA, dynamics are essential for its biological function
and, as in proteins,conformational substates (CSs) seem to

play a decisive role. At physiological temperatures, these CSs
are assumed to interconvert rapidly on the nanosecond or even
subnanosecond time scale. For the biologically active B-form

of DNA, the existence of two major CSs callegd &d B, and
their biological role in the interaction of DNA with proteins
has been invoked from studies of DNA oligomers by single-
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crystal X-ray analysis;* NMR spectroscop¥,® and molecular
modeling®1° However, it is not clear whether the, Bstate
actually exists in solution and it has been suggested that its
appearance in single-crystal X-ray studies may be linked to
crystal packing effectt®>13 3P NMR data of solutions of
regular oligonucleotides have been interpreted in terms of
populations of the two thermodynamically stable @&d B, ) .
states, where the phosphate is assumed to make rapid jumpQY Fourier transform infrared (FT-IR) spectroscopy. Scheme
between the two states on the time scale of the NMR experiment.! 9ives an outline of our approach: two major conformational
These analyses of time-averaged NMR spectra are hindered bysUPstates called£and B, in analogy to & and B for reasons
the fact that the proposed changes of dihedral angkesd ¢ given below, are at ambient temperature, say 298 K, in
involved in the B to B, transition cannot be determined equilibrium, with an equilibrium constarﬁtggg;, interconverting
unambiguously? on 'ghe .nanosecond or subnanosepond time _scale. Since the
Here we report for the first time the spectral features of equilibrium constant decreases with decreasing temperature,

distinct conformational substates revealed at low temperatures nonequilibrium dlstrlbuthn of BB, conformer population is .
generated on rapid cooling to, for example, 200 K. At this
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temperature which is in the glass liquid transition region of
hydrated B-DNA415 isothermal structural relaxation toward
equilibrium occurs by interconversion of B> B; on time scales

of between minutes and hous!® Because of that slow time
scale, interconversion can be followed by conventional FT-IR
spectroscopy® The spectral changes on isothermal annealing
are reported in form of FT-IR difference spectra, where positive
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of B-DNA in aqueous solution. By comparison with studies
of proteinr-DNA interactions by vibrational spectroscopy
reported in the literature, we surmize that it is thesBate which
interacts with a protein.

We emphasize that studies of hydrated fibers by vibrational
spectroscopy are also of relevance for DNA in aqueous solution
because, as pointed out by Thomas and Petiddldbe fact
that DNA in solution shows essentially the same Raman
spectrum as DNA in the fiber at 95% relative humidity is
probably the most rigorous experimental proof that ordered
DNA in solution is of the same B-genus conformation as that
in the fiber”. The short time scale of vibrational transitions

enables the observation of distinct conformer species even for

the fastest conformer interconversion processes, whereas fo
NMR studies of fast-time-scale conformational dynamics of
biomolecules, “significant practical and interpretative issues
remain unresolved®®

This study is an extension of our previous studies for
investigating DNA’s dynamics by differential scanning calo-
rimetry (DSC)¥*15namely by enthalpy relaxation of vitrified
NaDNA from ~153 to~263 K and its recovery on reheating.
Structural relaxation became observable in the form of endo-
thermic enthalpy recovery fdr > 3—4 (water molecules per
nucleotide), and the effects were attributed to the conformational
flexibility of B-DNA. The large width of the glass~ liquid

"diRser et al.

The sample and sample holder were quenched into the glassy state
outside of the cryostat, by immersion into liquid.NThe cooling rate
obtained in this way was’500 K min %, For the film withT" ~ 20, a
weak sharp band in the OH stretching band regionr-a200 cnt?
indicated formation of a small amount of crystalline ice, whereas for
the film with T’ = 12, this was absent. This is consistent with Falk et
al.’s?® infrared study of ice formation in hydrated NaDNA films.
Sample and holder were thereafter transferred into the precooled cryostat
under a cover of dry Nto avoid condensation of water vapor. This
transfer is the critical step in the procedure, and after several trials, it
became routine with heating of sample only uptb10 K and minimal
condensation of water vapor during the transfer. FT-IR spectra of the
films were recorded thereafter isothermally at selected temperatures
(constant to+0.1°), and spectral changes were followed in the form

f difference spectra recorded at the same temperature to avoid
temperature-dependent changes in band profiles. The samples were
studied in vacuo ak190 K and under an atmosphere of dry Ar at
>190 K to avoid dehydration of the films. The absence of dehydration
or irreversible spectral changes was confirmed by comparing FT-IR
spectra recorded at 293 K before and after the low-temperature
experiment. The temperature of the sample was calibrated by melting
of ethyl acetat® and was accurate within 0.5 K.

The same procedure was applied to a hydrated mononucleotide (2
deoxyguanosine 'Bmonophosphate disodium salt, from Fluka, No.
31080). Spectral changes in a quenched film on isothermal annealing
recorded in the same manner as for DNA from salmon testes were not
observable.

FT-IR Spectra. FT-IR spectra were recorded on a Bio-Rad FTS-

transition region and nonexponential kinetics were interpreted 45 model at 4 cmt resolution by coadding 64 scans (UDR1) and using
in terms of superposition of a large number of relaxation modes a DTGS detector. The collection time of 200 s constitutes the time
of different parts, or conformational substates, each with a single resolution. For NaDNA in aqueous solution (Figure 4, curve a), 1024
relaxation timet#15 scans were coadded. The spectra are displayed in the figures on the
same ordinate scales. Vertical bars indicate the ordinate scale in
absorbance units.

The “Ratio Method” . The “ratio method” allows resolution of “the

Materials and Sample Preparations Films of hydrated NaDNA spectrum of a mixture of an unknown small number of unknown
from salmon testes (from Fluka, No. 31163, used as received, containingconstituents in unknown proportions into the spectra of these constitu-
0.08 wt % protein) were obtained by keeping the NaDNA solutions on ents without isolating them”, provided that each unknown constituent
AgCl discs over saturated salt solutions for several weeks. The well- absorbs dominantly in a particular spectral re¢io#. The difference
known dependence of A- and B-conformer populations on the hydration spectrum depicted in Figure 1 for 84-1 min was resolved into two
level was used to prepare films of hydrated NaDNA with varying ratios components which are shown in Figure 4 as curves c and d. The scaling
of B- and A-DNA*2* The hydrated NaDNA films were thereafter  coefficients needed for resolving into the constituents were obtained
covered with a second AgCI disc, the two discs were taped, and the from second derivatives and their difference curve, at 1283, 1218, 1086,
sample was positioned in a self-made copper holder for the cryostat. 1062, and 1051 cmi, respectively. The percentage of changes of peak

Experimental Section

The FT-IR spectrum of the film was first recorded at 293 K to
characterize the film and to determine the relative A- and B-DNA
populations via band areas of the two bands centered at 864(from
A-DNA) and at 838 cm! (from B-DNA) and, for the film consisting
only of B-DNA, by the absence of the sharp band at 1188'cinom
A-DNA. FT-IR spectra of the A- and B-forms recorded at 293 K were
on the whole identical with those reported in Figure 2 of ref 24. The
I" values of the films were determined from the ratios of the measured
absorbance at 3400 cih(due to OH groups) and at 1220 ch(due

to phosphate groups of DNA). Special care was taken to avoid
orientation of the film, and the method of preparation ensures unoriented
films.
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heights is 13% for the film wit" ~ 20 kept at 200 K for 84 min and
16% for the film withT" = 12 kept at 200 K for 112 min. Therefore,
subtraction of curve c from d (Figure 4) multiplied by 0.13 gives the
difference spectrum shown in Figure 1, whereas addition of curves c
and d gives spectrum b of Figure 4.

Kinetic Analysis of Spectral Changes The data points displayed
in Figure 3 were fitted according to the stretched exponential relation
I(At) O 1 — exp[—(td74)"], wherel(At) is the intensity change of the
bands obtained from the difference spectsehe annealing timer,
the relaxation time, anfl an empirical parameter with a value between
zero and 1.5 = 1 corresponds to exponential relaxation, and the solid
lines shown in Figure 3 were obtained from fits with this value.

Results and Discussion

Interconversion of Conformational Substates Seen in FT-
IR Spectra. Three films of hydrated native NaDNA (from
salmon testes) films were studied in detail which contained
~100,~31, and~20% B-DNA, withI" values of~20, 12, and
6. For these studies, it is essential to quench the samples into
the glassy state as rapidly as possible to maximize immobiliza-
tion of a nonequilibrium population of conforme¥% This then
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Figure 2. Difference curves of a NaDNA film witli" = 12 where the
spectrum recorded at 200 K aftemin had been subtracted from that
recorded after 1 minn(= 4.0, 7.8, 12.8, 18.0, 25.3, 46.6., 56.3, 72.4,
82.5, 85.9, and 112.2 min, respectively). The spectral changes are drawn
on the same scale. The sloping background is caused by base line

instability, and partial correction was made by shifting difference spectra
vertically until at 1000 cm? the same absorbance value was obtained.

Absorbance

spectral changes on structural relaxation and attainment of
— equilibrium are caused by interconversion of a high-energy CS
1300 1200 1100 1000 900 800 of B-DNA into its low-energy CS. Involvement of A-DNA
-1 can be ruled out because intensity changes are absent in spectral
Wavenumber [Cm ] regions where A-DNA has characteristic bands (e.g., at 1188
Figure 1. (top) Structural relaxation seen in FT-IR spectra of a and 868 cm?). This is consistent with the reported slow
quenched NaDNA film withl" &~ 20 on isothermal annealing at 200 ~ conversion of the A-to-B transition (and vice versa) at ambient
K: (a) after 1 min, (b) after 84 min. Arrows indicate decrease or temperatures, taking up to several d&d3&.
increase of band intensity. (bottom) Difference spectrum ¢ 5-fold A second film of hydrated NaDNA with' = 12 and
enlarged. containing~31% B-DNA was studied in the same manner. For
this hydration level, formation of ice can be excludédThe
gives pronounced spectral changes on isothermal relaxationspectral changes on isothermal annealing at 200 K are shown
toward equilibrium. Therefore special care was taken to from 800 to 1300 cm! in the form of difference curves (Figure
maximize the cooling rate, and a rate ®600 K min! was 2), and weak spectral changes in other spectral regions are
used throughout. shown as inserts. These spectral changes are on the whole the
FT-IR spectra of a quenched film of NaDNA wits100% same as those observed for the film witl00% B-DNA
B-DNA show on isothermal annealing at 200 K, the most (Figure 1, curve b— a), and this proves that formation of a
pronounced spectral changes between 1300 and 80G c¢cm small amount of ice on quenching the film containimd00%
(Figure 1, curves a and b). Arrows indicate where a decreaseB-DNA had no influence on the spectral features of the
or increase of intensity had occurred. These intensity changesdifference spectra.
do not necessarily occur at the peak maximum because the Plots of these spectral changes with time are shown for eight
original band contour is a composite of several highly overlap- prominent peak maxima or minima (Figure 3). Adjacent peak
ping bands. However, in second- or fourth-derivative curves maxima and minima were chosen where interconversion of the
of the orignal composite bands (nhot shown), distinct peaks canband of one CS into that of another CS seems to be coupled
be separated and correlated with these intensity changes. Théi.e., for bands centered at ctn 1209— 1243, 1085~ 1101,
spectral changes become more pronounced in form of a1052— 1064, 904— 887). For each plot, the data points were
difference curve (Figure 1, curves<h), enlarged 5-fold). This  exponentially fitted and the fit is indicated by the solid line.
subtraction gives positive bands for spectral features developingThe relaxation timeszj obtained from these fits fall into two
with time and vice versa, and the same type of subtraction will groups, one with values between 16 and 35 min and a second
be used throughout. Peak positions of the major spectral one withz values between 35 and 46 min (Figure 3, top and
changes in the original spectra (e.g., at 1215, 1086, 1052, 1020bottom plots). This is a strong indication that structural
972, and 898 cmt) are very similar to the most pronounced relaxation and attainment of equilibrium involveso relaxation
features in the difference curve. This is an important aspect, processes where interconversion by a fast process is followed
and it ensures that the spectral features of the differencesequentially by a slower one.
spectrum are not simply due to changes in half-bandwidth  Difference curves were also obtained for both samples
(HBW) and/or peak position with annealing tifiéut that they containing~~100 and 31% B-DNA from spectra recorded at
indicate conversion of at least one species into another one.other temperatures in steps off2GFor similar annealing times,
Here it is most important to compare spectra recorded isother- spectral features indicating interconversion of CS were absent
mally because temperature-dependent changes in peak positiobelow 150 K, became weakly observable at 180 K and were
and HBW are avoided. We will show in the following that the most pronounced at 200 and 220 K. Weak spectral features

1084 -

L— 976

(30) Parry, D. B.; Samant, M. G.; Melroy, O. Rppl. Spectrosc1991 (31) Szahp A.; Shi, B.; Lee, S. A.; Rupprecht, Al. Biomol. Struct.
45, 999-1007. Dyn. 1996 13, 1029-1033.
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based on infrared and Raman band assignments of NaDNA
fibers, films, and solutions reported in the literafr®&-3¢ and
1101 (Bl) on the kinetics of disappearance and formation of bands of the
B, and B, states (Figure 3). The most pronounced changes
v, (PO,) Or v, (PO,) occur for the intense bands in the symmetric and antisymmetric

stretching band region of the BOgroup @, vas from 1085 to
1091 cnt! and from 1212 to 1230 cmd) and for the G-O
stretching band (from 1052 to 1067 ch frequencies from
difference spectra in Figure 3 are shifted at most by several
wavenumbers). The increase in frequency in going from the
B, to the B, state is attributed to increasing bond strength, which
could be caused by a decrease in hydrogen-bond interaction
with the water molecule¥. However, we cannot exclude
changes in vibrational coupling between the,P@nd C-O
stretching modes as an alternative explanatfon.

The second type of pronounced spectral changes in going
from the B to the B, state occurs between 1030 and 800 ¢m
which is the region of the phosphodiester backbone and sugar
0r * deoxyribose-phosphate moieties vibrations. In this spectral region, all Bands are
v (C-0) deoxyribose backbone shifted to a lower frequency in comparison to those gfBBd
their intensity is less (e.g., from 1020 to 1015 dimfrom 975
to 966 cnT?, from 900 to 888 cml, and from 843 to 832 cnii).

The decrease in frequencies can be attributed to increasing
hydrogen-bond interactions. Both types of spectral changes
pointed out above, i.e., increase in peak frequencies in the PO
‘ . . . . - and C-0O stretching band region in going frompBo B; and
0 50 100 O 50 100 simultaneous decrease in peak frequencies bel@@30 cn1?,
At [rnin] seem to be concerted with respect to changes in hydrogen
bonding. The weak band centered in the spectrum of the B
Figure 3. Evaluation of the time dependence of spectral changes shown giate ata863 cnt?! is not the marker band of A-DN#33
in Figure 2. The data points were exponentially fitted (solid lines) and because the characteristic sharp band of A-DNA centered at

relaxation times in minutes, with errors in brackets, are as follows: 1188 cntt is absent. Spectral changes are much smaller in
28(7) for 1243 cm?, 35(3) for 1209 cm?, 16(2) for 1101 cm, 28(2) - op 9

for 1085 cnT, 46(10) for 1064 cm, 37(1) for 1052 cm?, 40(4) for the other spectral regions and are not shown here. The IR
904 cmt, and 35(5) for 887 crtt, respectively. spectrum of the Bstate resembles in many respects that of the

C-form which belongs to the B-famil§z.3°

were also observed on isothermal annealing at 240 K, but these Kinetics of Conformer Interconversion. Insight into mo-
were about 1 order of magnitude smaller than those shown herelécular aspects of relaxation is obtained from thealues. The

In a third film containing only~20% B-DNA (C = 6) and fastest relaxation processes involve the stretching V|brgt|0ns of
studied in the same manner, spectral features assignable téhe PQ™ group, withz values of between 16 and 35 min for
interconversion of CS were too small to be evaluable. These rélaxation at 200 K (Figure 3). From evaluation of all other
results are consistent with our previous DSC st&dSin that bands including those of the bases (not shown), we had obtained
only B-DNA is involved in relaxation and that the time and 7 values about a factor of 2 larger than the fastest ones, and
temperature of relaxation are similar. Nonexponential kinetics Only two of these are shown here (Figure 3). These involve a
observed in the DSC study must be caused by the sum of aC—O stretching band and a band (984887 cnt?) possibly
number of relaxing regions, each with its own exponential involving a deoxyribose phosphate backbone vibratfoithese
relaxation time as observed here, and not by intrinsically results seem to be consistent with Saenger’s notion that-tiaz P
nonexponential relaxatiof. bonds may be considered the “major pivots affecting polynucle-

. . 1 89

In a next step the difference spectra of the NaDNA film Otide structure® _ _
containing ~100% B-DNA were separated by the ‘“ratio Comparison with B-DNA in Aqueous Solution. The
method”2"-28into the spectral components of the disappearing spectral features of the B-DNA film recorded at 200 K and of
and formed CS (Figure 4, curves ¢ and d). Their sum (Figure the separated Band B states are next compared with the
4, curve b) is identical with the spectrum of the film recorded SPectrum of B-DNA in aqueous solution recorded at 293 K
at 200 K. The CSs corresponding to the disappearing and (Figure 4, curves & d). Band narrowing by deconvolution
formed species (Figure 4, curves ¢ and d) are callear@l B,. allows separatation of overlapping bands into their components
This is simplified because isothermal relaxation kinetics indicate (curves &-d). Comparison of the film spectrum recorded at
two rglaxatlon processes (Figure 3)-_ .The 'nterconVe"S'OnzOT B " (33) Parker, F. SApplications of Infrared, Raman, and Resonance Raman
— B is exothermic because the equilibrium constant as defined Spectroscopy in Biochemistriglenum Press: New York, 1983; Chapter 9,
in Scheme 1 must have decreased with decreasing temperaturé®P %““9;398- B Steinmetz. W.: Th P
Since B interconverts on structural relaxation at 200 or 220 K 23(23)5_;%%?0 B Steinmetz, T Thomas, . 7 Slepolymer
into B;, By must be thermodynamically more stable at low (35) Adam, S.; Liquier, J.; Taboury, J. A.; Taillandier, Biochemistry

temperatures than at ambient temperature. 195(336,56)2?1 '?‘”220d—_322E5- Liauier. Methods £ L992 211 307-335
. . . . . aillandier, E.; Liquier, Methods Enzymo — .
Assignment. Discussion of the_ spectral changes in going (37) Pohle, W.; Bohlqu.; Bblig, H. J. Mol.yStruct.199Q 242, 333
from the B state to the Bstate (Figure 4, curves c and d) is  342.
(38) Guan, Y.; Thomas, Jr., G. Biopolymers1996 39, 813-835.
(32) Ediger, M. D.; Angell, C. A.; Nagel, S. R. Phys. Chem1996 (39) Saenger, W.Principles of Nucleic Acid StructureSpringer-
100 13200-13212. Verlag: Berlin, 1984.
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Figure 4. (d and c) Spectra of the;Band B states separated by the “ratio methét?® and (b) their sum. (a) For comparison, the spectrum of a
6 wt % aqueous solution of NaDNA (from salmon testes) where for clarity the spectrum of the solvent had been subtracted. The spectra are shown
on the same scale.’¢ad’) Deconvolved spectra (HBW 22 crh 65% smoothing).

200 K (which is identical with the sum of the spectra of the B ambient temperature, and we chose to call the CS developing
and B states) with that of B-DNA in aqueous solution (Figure at low temperatures on isothermal annealing the sBate.

4, curves b and a) shows that except for small temperature-Whether or not the Band B, states and our Band B states
dependent reversible shifts of peak positions, the features ofreported here are the same can be tested by obtaining for B-DNA
both spectra are remarkably similar. This becomes even moreoligomers distinct FT-IR spectra of CSs in the same manner as
obvious by comparison of their deconvolved spectra (curves a reported here for DNA from salmon testes. These can then be
and bB), where resolution enhancement led to development of compared with FT-IR spectra of the same B-DNA oligomers
similar peak asymmetry and shoulders for bands centered ateither in the crystalline state or in solution and the presence of
1224 (1216) and 971 (972) crhand to a distinct peak centered one or more CS be ascertained. In a next step, equality between

at 1071 cml. Characteristic spectral features of theadid B the two sets of CS can be tested by comparison wijtarigl B;
state in the spectrum of B-DNA in aqueous solution are best populations obtained from single-crystal X-ray and from solution
seen by comparison of deconvolved spectra, firstyfgof the studies. Until then we prefer to refer to our CS asaBd B.

PO,~ group where the bands of the Bnd B state appear in  However, it is remarkable that an oligomer which in solution
the composite deconvolved spectrum in the form of shoulders is of B-type has a very intense band at 1065 ¢in the FT-IR
(compare tand d with &), and second, in form of band spectrum of the crystal which is consistent with enhanced
asymmetry of the band centered at 972 érfcurve &) which population of the B state (see Figure 9, curves a and b in ref
indicates contributions from the;Band B bands centered at 36). We note that the kinetics of,Bo B; interconversion
968 and 975 cm! (curves d and ¢). We conclude that the  clearly indicate two (or more) relaxation processes, whereas for
spectral features of the;Band B state are contained in the the kinetics of B to B, interconversion, a cooperative process
spectrum of B-DNA in aqueous solution, although at somewhat involving one relaxation only has been assumédSince
differing conformer populations and shifted slightly by tem- conformer interconversion is expected to be very fast at ambient
perature effects. By curve resolution methods of highly temperature, where Band B states usually are studied in
overlapping bands developed receriflyatios of band areas in  solution, it might be impossible to separate the two relaxation
the spectrum of B-DNA in aqueous solution can give the processe&®
populations of the Band B states at ambient temperature. Implications for Protein —DNA Interaction. Finally, the
Comparison with the Bi/B States. It is possible that our  interaction of B-DNA with proteins is discussed in the context
Biand B CS are the same as thedhd B states reported and  of participation of the Bor B, state. Raman spectroscopy is
discussed in the literatufel® The B and B, states have first mainly used for studies of proteirDNA interactions by
been observed in single-crystal X-ray analysis of B-DNA vibrational spectroscopy, and infrared spectroscopic studies are
oligomers and involve phosphate backbone conformations aboutrare. These studies demonstrated that a B-type or a modified
the C3—0O3—-P segment of the backbone chain, the B B-form of DNA is present in chromatin and in specific protein
conformation being much more common than the*Bin DNA interactions*¥ 44 From comparison of the distinct spectral
crystals the Bor B conformation is frozen-in. Solution studies  features of the Band B states (Figure 4, curves d and c) with

of B-DNA oligomers by NMR spectroscop§ and molecular  vibrational spectroscopic studies of chromatin and pretBINA
modeling-1° also point at the presence of two thermodynami-
cally stable Band B, conformations of about equal population (41) Goodwin D. C.; Brahms, Nucleic Acids Resl978 5, 835-850.

which interconvert on a subnanosecond time scale, witieBig (42) Kubasek, W. L.; Wang, Y., Thomas, G. A Patapoff, Th. W.;

. Schoenwaelder, K.-H.; Van der Sande, J. H.; Peticolas, \Bidchemistry
slightly more stable than B"~'° We do not know yet the 1986 25, 7440-7445.

relative populations and stabilities of our Bnd B states at (43) Benevides, J. B.; Weiss, M. A.; Thomas, G. J.,JJiBiol. Chem.
1994 269 10869-10878.
(40) Fleissner, G.; Hage, W.; Hallbrucker, A.; Mayer Appl. Spectrosc. (44) Liquier, J.; Gadenne, M. C.; Taillandier, E.; Defer, N.; Favatier,

1996 50, 1235-1245. F.; Kruh, J.Nucleic Acids Resl979 6, 1479-1493.
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interaction, we surmize that the Btate, or a state with similar  these coincidencies are also sufficiently encouraging to pursue
spectral features as the;Bstate, seems to be involved. further the comparison of the characteristic vibrational spectral
Spectroscopic arguments for participation of thedBate are patterns of B and B states with those of B-DNA in chromatin.
collected as follows: (i) Comparison of the Raman spectrum In particular, studies of the Band B states by Raman

of an aqueous suspension of intact salmon sperm with that of spectroscopy and the comparison with the many Raman
purified salmon sperm shows in the former enhanced intensity spectroscopic studies of proteiDNA interactions are important

of the band atv1060 cnt! and, for several bands below 1000 for further elucidating participation of the;Bor By) confor-

cm™1, a shift to lower frequency (read from Figure 7 in ref 42), mational substate. The latter studies are related to those
which is consistent with changes from the fiber spectrum to mentioned above for the crystalline state because, as emphasized
that of the B state (Figure 4, curves b and d). (ii) In aninfrared by El Hassan and Calladirfe;one might expect to see in naked
spectroscopic study of the conformation of DNA in chromatin (crystallized) DNA oligomers the range of conformations that
protein—-DNA complexes, shift of the band at 835 to 830¢dm  are normally available for DNA when it is bound to protein”.
was observed in the complex (see Figure 1 in ref 44), which is

consistent with the change observed here (Figure 4, curves d Acknowledgment. We are grateful for financial support by
and b). (i) Observation of a weak infrared banda55 cnt?! the “Forschungsfaerungsfonds” of Austria (Project No.

in the spectrum of chromatifis also consistent with the weak  P12319-PHY).

band at similar frequency in the;Bpectrum (Figure 4, curve
d). These comparisons are at present highly speculative an
neglect, among other things, differences in selection rules and™ (45) E| Hassan, M. A.; Calladine, C. R. Mol. Biol. 1096 259, 95—
band intensities for infrared and Raman bands. Nevertheless,103.
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