
deoxymyoglobm and the phctoprod uct are d et.ect.ed in lhe low
Irequenn' modes The largest differenee is lound in lhe modi
assigned as the iron-h ist.id in e stretehing mode at 225 em-
which shifts to 233 cm-1 m the photoproduet and is
substantially redueed in intensity. Similar results were
obtained m phosphate buffers and in ethylene glyeol-phosphate
buffer mixtures. ln ad d it.ion , the same differences were
observed with samples stabilized at 4K and at 77K. There
results are contrasted to room temperature time resolve d
studies in which DO differences between the photoproduct and
the deoxy prep aration were íoun d. Thus, myog lobin is very
different Irom hemoglobin where there is a correspondence in
,the b ehav ior of the photoprod uct rbetween the time resolved
studies at 300K and Lhe cryoge nic studies at 4K or 77K

15:18
EP 5 Axial Coordination ln Nickel-Protoporphyrin
Reconstituted Globins Investigated by Raman-Difference
and Transient Raman Spectroscopy. J. A. SHELNUTT, Sandia
National Laboratories*; K. ALSTON, Benedict College; E.
W. FINDSEN, M. R. ONDRIAS, UNM; J. M. RIFKIND, NIH.--
Nickel-porphyrin complexes and Ni(II)-reconstituted
hemoglobin,B4 t~tramers, and myoglobin have been
lnvestlgated uSlng cw and transient resonance Raman
spectroscopy. The Raman frequencies distinguish between
4- an~ 6-coordinatlon on Ni-porphyrlns ln non-
coordlnating and coordinating solvents and give evidence
of a novel 5-coordinate species in the reconstituted
proteins. !he ,effec~ of R/T conformatio~fl changes in
the p ro t e í n 1S, eVldenc1i1 by a -5-cm' incwease í n
frequency of V(Nl-hlS) for Mb wlth respect to lHb. We
also investigated the photoinitiated ligand-release and
ligand-uptake processes in excited states of the Ni
porphyrins and Ni-reconstituted proteins. Laser
excitation of -10-ns duration induces the release of
axial ligands ln coordinating solvents, but not for the
histidine Lígand of Ni-reconstituted 9f1moglobin and
myoglobln. Llgand uptake is observed in Hb when the 4-
coordinate sites are excited.
*Supported by the U.S. Dept. of Energy Contract ~E-
AC0476-DP00789, GRI Contract 5082-260-0767, (MRO) NIH
Grant Q133330, 'PRF, and (EWF) AWU.

15:30
EP 6 Electron Transíer at Large Distances - The Two Reac-
tion Coordinates Case." osé Nelson ONUCHIC. Caltech,
Pasadena, CA 91125, lectron Transfer is' a very important
reaction in many biological events such 8.5 photosynthesis and ox-
idative phosphorylation. ln many of these reactions, most of the
interesting dynamics can be included by using two reaction coor-
dinat.es: one fast (local high frequency vibration modes) and one
slow (outer-sphere modes such as solvent polarization}. We re-
port a model to describe this problem, which uses path integral
techniques to calculare electron transfer rates and also the Fokker
Planck equations associated with it. Different limiting cases lead
to different resulta such as exponential or non-exponential time
decay for the transfer probability. Conditions for the validity of
the adiabatic or the non-adiabatic limits will be discussed. Appli-
cation of this model for real systems is presented, in particular for
a porphyrin rigidly linked to a quinone, which is a very interest-
ing model compound for prirnary events of photosysthesis. This
model can also be used for other biological reactions such as CO
or O:íbinding to heme proteins.

• supported by the Brazilian Agency CNPq, by the Universi-
dade de São Paulo, and by the NSF (Grant PCM-8406049).

15:42
EP 7 Kinetics af the Grawth of Domaíns of Sickle Hemo
g10bin Palymers. S. BASAK,F. A. FERRONE,A. J. MARTINO
H. X. ZHOU, Drexel U.--We have employed 1aser phot01ysis
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of COHbSon microscopic s&aples to initiate polymerl~atl01
of HbS .nd subsequent foraat1on of domains of a11~ned
poly.ers. The evolution of tbe apatial character Df the
domain is monitored by light acatterlng (514 nm) or bire-
fringence (488nm). Using an externally triggered filter
changer the two signals are alternate1y collected bv a
SlT Vidicon as a function of tt.e. Spatia1 growth 1s ana'
1yzed by obaerving a 62.5 ~ aquare area of the s8mple an.
storing this'image as 250é-diacrete elements. Preliminar
resulta indicate that domain foraation consiata of two .
phases. ln the early phase both symmetric and asymmetric
growth of domains has been observed. During this phase
even symmetrlc domalns are not radlally isotroplc. Al-
though the domaln expands (as .e&sured by it& radiua of
gyration) during this period,'the increase in acattering
ls much more than can be accounted for by the increaae in
domain aize. ln the second pha.e the domaln becomes
structurally symmetric and apatlally homogeneouB 8nd the
changes ln .the scattered lntensity, including pronounced
overshoots, occur uniformly aclOS& the monltored region.

15:54
EP 8 Varíational Theory for g-Tensor for Biom01ecules
Using Energy Leve1s and Wave Functions from LCAO-MO
lnvestigations~ J. N. Roy, Santosh K. Mishra, K, C.
Mishra and T. P. Das, State University of New York at
Albany.-- A variational approach lncluding the spin-
orbital and Zeeman interactions for the valence
electrons has been carried out for ferricytochrome c
and azldomyoglobin within the framework of the Self-
Consistent Charge Extended Huckel procedure. The
~rincipal components of the g-tensors obtained for the
two molecules are respectively (2.922, 1.995, 1.24) and
(2.63, 2.11, 1.81) in good agreement with the experiment-
al reBults ,2 (3.06, 2.25, 1.24) and (2.80, 2.22, 1.72),
providing 5upport for the calculated electronic
structures of these Bystems and tbe variational procedure
used. Possible directions for further improvement in
theory shall be discussed.

* Support by NIH grant HL-15196.
1. C. Mailer and C. P. S. Taylor, Cano J. Biochem. 50,

1048 (1972).
2. L. C. Dickinson and J. C. W. Chien, J. Biol. Chem.

252, 1327 (1977).

16:06
EP 9 Resonance Raman Studies of lhe Bindingof NAOHANONAO+to
Alcohol Dehydrosenases bv ROBERTCAllENOER, KWOKTO VUE.,
OEHUAICHEN, and DONAlO SLOAN,Physics (O.C. and R.C.) and
Chemistry (0.5.) Departments, Clty CoIlege of N.V., N.V. 10031 and
Physics Oepartment (K.T.V.) EmoryUniversity, Atlanta, GA 30322.--
We have extended our Raman studies (Blochemlstry 23,6480, 1984) on
tbe binding of reduced nicotinarnide adenine dinucleotide (NAOH) to
liver alcohol dehydrosenase (lAOH) to include the binding of the
oxidize<!coenzyme (NAO+) to LAOHand the bindina of both reduce<!
and oxidize<!coenzymes to yeast alcohol dehydrosenase (VADH). The
Raman spectrum of NAD+bound to lADH is identical to that 01 NADH
bound to lADH, suggesting that the coenzymes have changed into a
common conformation which will facllitate the next st eo in the
enzymatic reaction. Furthermore, we found no pH dependence of the
Raman spectra of either NADHor NAD+ between 6.5 and 9.6 when
bound to lADH. We have also examine<!the effect ofiAhibito~ to the
Raman specrrwn of the bound coenzymes. Very srnal] changes were
observe<! on the bound NADH spectrum bv the presence oi excess
isobutyramide and dimethyl sulfoxide. However, significant changes
occur wben pyrazole binds to the binary complex lADH/NAD+,
indicating the involvement of the coenzyme to the binding oí pvrazole,
In contrast to the results found for LADH,the spectra of NADHand
NAD' when bound. to YADHare almost· identical to their re>pective
spectr a insolution, suggesting that both coenzymes are only loosely
bound to VAOH.

16:18 L~~ti
EP 10 Calmodulin and CeU Survíval.* n.v.
J.E. Tur ne r , and A.W. Hsie, Health and Safety
Division, Oak Ridge National Laboratory--We
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