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' J¢ have calculated the far infrared absorption for several models of double helical

DNAL Mhese results are in poad arvrzement vith enperinental observations, We have also

e Cittod our resolts to observed inelastic neutron scattering data. Acain the results are f
; in excellent avreement with obscrvation. We have extended our calculations on helix strand

b melting to include nethvlated DNA and manv other DHA's of varving base pair sequence. All
of the results are unetul in leading to more precise predictions ot the dvnamics of DNA
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g RESFARCH OBJECTIVE: To investiyate the role of far infrared excitations that
:| can be excited by FEL radiation, in the melting of DNA: to develop an under-
' standing of the role ol such excitations in transcription and replication.
'

':' PROGRESS (Year 2):  We have made considerahle progress toward a calculation
(X ol the amount of energy in a free electron laser beam that would actually

a be absorbed by DNAL  The first step required a careful fit of our calculated

;u spectrum to infrared absorption observations. This has been completed and

i the it is detailed in the manuscript "Calculatior of Far Infrared Absorption
W in B poly(dA)«polv(dT) which is enclosed as a technical report. We find that
. the actual absorption strength does depend on the state of aggregation of the

DNA i.c¢., there are strong interhelical effects. More sophisticated calcula-
tions are needed to accurately model the true absorption and we are proceeding

.:' with such caleulations.,

- We have been able to fit our basic vibrational mode model to newlyv pubiished
v inclastic neutron scattering observations. We firl that our model fits the

: observations very well.  We have used the informatica obtained to improve our
v model by allowing us to separate charpe effects from dielectric constant ef -
;. fects in o more complete manner.  The reason tor this is the inelastic neutron
' data is ot birh enough trequencices toe bhe dabove the tarpe rapidly chanying

“+] diclectric response of wiater, | oenclose twe manaseripts on this sabject as

i techmical reports,

N

< , ,
A Woeo have made progress on bavesticatisy the role of base pair scequence o DNA
'.t- melting., We have also stadicd sequence depend ot response to tar infrared
absorption.  We have caienlited the metting behavior ditterences tor methvilated
- ve. unmethviated DNA and we have calealate s che melting behavior tor 2 contor-
: mation DNA, For the methvlation cise o predict a 7K increase in melting

“~ temperature tor methvliatod Z=polvodoc) spolvidae) compared to unmethvlated

. B opolv(dCC)epoly (daC). fthe experimentallv observed increase is 6K The work
. on thic meltine wariation is contained in three ranuscrvipts which are enclosed
e

as technical reports,

We have also exploaed the aontinearity of the rar intrared modes involved in

Y
el SO e aieddle

‘ - . .
':} meltine and FFL absorption. We found that these mades are lTikelv to displav
P . . . .
o solitary wive nariowin which wili be important in ore detailed analveis of
: the crtects of PEL irradiation,  This work is detailed in o monsceript enclosed

as g technical report.,
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:¥ WORK PLAN (Year 3): We plan to continue along the lines of progress for the
K2 first two years. We will explore further the effect of state of aggregation

on the actual far infrared absorption. When this is understood we can predict

) quantitatively the results of FEL irradiation on DNA. We plan to study ab-
. sorption for helices in a crystal interacting with other helices. We plan to
o complete our study of base pair sequence effects on melting and far infrared

g absorption. Much of this effort has been completed but a manuscript of the

b comparison across the board will have to wait until we have a better handle
on the melting of A-T base pair systems. We have also begun calculations on

u. the transition from small amplitude normal mode behavior to large amplitude
;f solitary wave behavior for these far infrared modes. We will continue such
;4.: calculations in year three.
)
|
X All of the efforts listed are key elements in the overall plan to study the

absorption of FEL radiation and to predict the dynamic effects of that absorbed
:ﬁ radiation. All of the individual elements in that program are progressing
) as outlined above. e task remaining is to complete e individual calcula-
o lined ab Th K ining i lete the individual calcul
: tions and integrate the pieces to the analysis and prediction of the dynamical
o consequrnces of FEL radiation.
Ly
% PURLICATIONS AND REPORTS (Year 2):
) 1. I.. Young and E. W. Prohofsky, "Calculation of Far Infrared Absorption in
s - . .
) B polv(dA) «polv(dT) submitted for publication.
D
e 2. V. V. Prabhu, W. K. Schroll, L. L.. Van Zandt, and E. W. Prohofsky. "Helical

Lattice Vibrational Modes in DNAY, to be published in Physical Review Letters.
[ '
~ }. W. K. Schroll, V. V. Prabhu, E. W. Prohofsky and L. I.. Van Zandt, '"Phonon ‘
::' interpretation of Tnelastic Neutron Scattering in DNA Crystals", submitted for
N publication,
DYy
. Ao Xo M. Hua and E. W. Prohofsky "Vibrational Spectra of Double Helical
o Molecules with €o Svmmetry," submitted for publication.
0
[)
:" S Xo M. Hua and FooW. Prohofsky, "Sormal Mode Calceulation for Methylated 7Z-DNA
::i polv(de - m2dC).  (dG = wde)", submitted for publication,
- fro Xo M. Hua, Y. teny and E.oow. Probotsky, "Caleulated Melting Temperature of |
;\ Methviated Z=DNA", submitted tor publication.
::: fv by We Prohotsky "Where Solitons Mav be Hidine in DNA and Their Possible
- Sienditicance in @NA Transcvipt on™, sabmitted for publication
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