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INTRODUCTION

Melvin Calvin

The whemacg) Brodynatacs LDivision of (B con-
tinges tu conduct Lasic research on the fynamics
of living - 1ls and on the anteraction of radiant
energy with organtc matter. Many aspects of this
basic research are related to problems of enviren-
mental and health ettects of fossil fuel combus-
tian, solar enerqgy conversion and chemical, viral
carcinogenesis.  The division began in 1uds  ang
1ts interactions with various departments on the
Berkeley campus ot the University of Califurnia
are enhanced by 1ts physical location. We have
had graduale students from the departments of
chemistry, physics, botany, molecular biology,
psychuloqy, and geology, and graduate groups such
25 biopnysics, plant physiology, and comparative
piochemistry,

From the very beginning, the research of this
Jiviston has involved extensive interdisciplinary
collaboration, This is fostered by unfettered
discussions, strong eftorts to communicate across
disciplingry lines and, most important, a cooper-
ative process tor planning and administration.

ASs mentioned an the last annual report, the
record ot the division--both in its publications
and 1n tne activities of its students, postdoc-
torat visitors, and visiting faculty--1s the
principal nvidence that this interdisciplinary
approach has been highly successful over the
years., It is this quality of the laboratory that
we consider to be 1ts unique contribution to the
university community, not only in the state of
Lalifornia but in the United States as a whole.
There exists na other laboratory, to my knowledge,
that has this degree of ntegration of the various
scientific disciplines that we have achieved here
in the Chemical Brodynamics Division,

Juring the past oyear, we Have begur research
inoan enlireiy new SC1eNt tic area, a-riy Crystai-
lograpny, witn the arvival of Professor sung-Huo
fAMoand has researon group. we look forward to
the conteabuttuny that thiy new group will make ta
our activities., A second event an the development
of our screntific capabiitty has been the comple-
tior ot the snmimai Lell Tissue Culture fFacrinty un
the Hilb whaich will be occupied 10 Lhe spring of
198U, The research an ammmal cell tissue cullure,
virnlogy and carcinogenests will be moved nte tne
new facrltty, variting space in the root area of
the present butlding whch wilo be renovated and
used tor researcn in piant cell tissue culture.
Thas Jatter effort s very central to the research
on hydrocarbon-producing piants, as plant cell
tissue culture is one of the most mportant ways
of modityirg plants o that they can produce more
of certain types of cnemicals which are alternate
sources of fuel and materials,

Finally, 1t should be mentioned that in 1950
the directorship of the chemical Biodynamics
Jivision will pass into new hands, those of
Ur. George L. Pimentel, a faculty member of the
Department ot Chemistry of the Univer<r iy of
California, Berkeley, and at present Deputy
Directur of Lhe Nathonal Scrence Founocation,
Under his “adership we envision the development
of new research areas as well as the preservation
and continuation of ongoing research programs,

Meivin Calvin,
Division Head



PHOTOSYNTHETIC LIGHT REACTIONS
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Lo reacning the photosynthetr regot1on center o
ITothe reacttan centers Chdrge separalion oo e,
ard el trons are transterved rapialy fron the
pragary tonor o Lound e tron acceptors,

andary Jorors replencsa the elegrons e the
oxigiZedt vea tian Center Camponents.  [n higher
plants there »esgits 1 net transpert at electroes
trom watvr L0 NP ant gitimately to [U?. This
CoMplex process occLts 1N Aemtranes, where Lhe
companentis e o janized In 3 mpsalc pattern that
facilitates elpctronic communication and charqge
translocition, !

We have gseq detergents Lo dissect these mem-
pranes and Lo Study the 1ncrvidual prgment-
protein compiexes. Tne simpient of these s o
tacteriochlorophyll (Buhl -protein thal containe
¢ BCn1 tngether w'th two peptides n & complex ot
20 kdaltuns.’ Absorption and circular dichroism
spectra e consistent with the 1sclated comple:x
ha.ng essentially a native configuration. We
have used linear dichroisin studies of stretched
f1lms containing the complex to characterize the
geometric arrangement of the 8Lhl molecules and Le
help to resolve the spectral exciton components
that reSglt from thei1r interaction with one
another.- in the intact intracytoplasmic mem-
branes {chromatephores) these B(hl-proteins are
closely associated with the reaction centers.
Photooxtdation using strong light causes a pro-
nounced bleaching of the light harvesting pigment
absorption and the attendant loss of the strong
dimeric exciton interaction. At the same time
the pronounced red-shift of the 1n vivo spectra
remains, indicating that this shift results from
the environment of the BCh! in the protein and not
from the exciton coupling 1lself, as had previ-
ously been assumed.

The cells of certain types of bacteria, such as
Rhodopseudomonas viridis or Rps. palustris can be
aligned readily in an external magnetic field of
about 20 kG. When such samples are frozen in the
field, the alignment is preserved, and orientation-
dependent properties can be measured. In one such
study we investigated the orientation-dependent
triplet EPR signals associated with light-induced

This work was supported by the Division of Bio-
medical and Environmental Research, Office of
Environmental Research and Development, and the
Division of Biological Energy Conversion and Con-
servation, Office of Basic Energv Sciences, U.S.
Department of Energy, under Contrect No. W-7405-
ENG-48; and by the National Science rsundation,
Grant No. PCM 7812121,
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eloe Leon tanneling o anvo bved )t The crgrge
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chiorophy !l trapiel state that can be detected by
PR techniques, ant tne poiarization of tnisy
SPUotrult s dagnee T oo radacal-pae meshan-
M oas 1ts orrnnlt owheo Lhe reaction centors
are ciosed, 4 Jditterent trapicet s abse ved by
LPR; ats specteam o guite distinct trom that of
chlorophyll or similar molecales, Subsegaent
Studres have shown that this LVIDITL restdes an
F-tarotene tn the veaction center, 10w have:

naw praduced traplets 1n d varaety o carolenoids
in photosynthet o bacteria and ' vitro and ob-
serve their trapiet tPR signals, wnich apparently
have not breen reported previously.,  We hope to
extend these nvestigations 1o a variely ot other
systems that incorporate carotenoids, including
the viswal prgment rhodopsin.

We have continued to investigate charge separa-
tion in Photosystem 1, using measurements ot
electron spin polarization and rapid relaxation.
Theoretical modeling of the observations points to
the existence of two distincl reduced electron
acceptors, with different g-values and spin tensor
anisotropies, that couple with the fnpaired elec-
tron on the oxidized primary donor. 1" The first
acceptor has the properties of a chiorophyll mol-
ecule and the second appears to be a species, X,
which has an orientation-depeadent, anisotraopic
spin tensor. The rapid transfer of the electron
through a sel ot four membrane-bound acceptors
results in an effective charge separation across
the membrane--presumably the orlgin of the gener-
ated electrachemical potential.1

One of the least understood areas of plant
photosynthesis is the oxidation of water to pro-
duce molecular oxygen. Although there have been
reports for many years implicating manganese in
this process, no direct evidence of its participa-
tion was forthcoming. We have for the first time
been able to show directly that Mn changes its
oxidation state in reactions that accompany 0p
evolution. Furthermore, these oxidation-state



cnanges ooCar s pertodic tashion an flashing- osidation ot water hy a process ot transferring
fight eeperaments 4nd an g fashion that links them electrons to the Mn centers (Figure 1). A recent
t the Intermediale specles pdarticipating in water report of the Jsclation of a water-splitting com-
Catdation,  Our evidence suggests that the water- plex nvnlving 2 Mo o1n 65 Kd of prote\nia nd-
splitting comples contains two cooperating Mn cates the possitiiity that tnere will soon be a
atamy,  These gndergn changes 1nvolving the states bredktnrougn 1n our o understanding of sclar energy
Mooil . Mno D], and, transaently, Maglv;, and tne Lonversinn baser on the photosynthet:c mode..
Stage prior el release involyes the partial
Mn(I) OH Mn(I) ) OH
\__Mn(I hy Mn(II) oA
e®
+
.
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Figure 1. Changes 1n the oxidation state of Mn upon illumination by a series of
flashes are used to deduce a plausible mode) for the role of 2 Mn in the water-
splitting reaction of photosynthesis. Successive removal of 2 electrons from the
Mn-protein complex results in a progressive increase in tne oxidation state of Mn
from Sp to Sp, whereupon the next eiectron removed causes a partial oxidation of
water and a state S3 with decreased Mn oxidation state. Tne last electrcn removed
results in the release of 0p and restores the complex to its initial state.

(CBB 799-172351)
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Light-harvesting bacteriochlorophyll-protein
complexes from Rhodopseudomonas sphaeroides 2.4.1
and R-26 mutant are solubilized in sodium dodecyl
sulfate and imbedaed in polyvinyl alcohol.
Stretching induces orientation, and the linear
dichroism of visible and near infrared absorption
is analyzed. Based on a simple model, angles
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between the particle axis and the transition
dipole moments are found. In the near infrared
absorption band of the R-26 light-harvesting
protein the dichroic ratio varies from 1.30 to
1.57. Using the absorption curves the band is
resoived into two exciton components. In the
visible absorption band the dichroic ratio has a
constant vailue of 0.43 for the R-26 protein but
varies with wavelength for the wild type light-
harvesting protein. This variation is attributed
to an additional bacteriochlorophyll net present
in the R-26 pratein,
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Biochim. diaphys. acts 247 48d-n0) 1979,

The triplet state £PR spectra of magnetically
aligned whole cells of Rhodopseudomonas viridis
and Rhodopseudomonas palustris display a marked
dependence on the orientation of the static EPR
field with respect to the alignment field direc-
tion. This ohservation implies that the primary
donor species on which the triplets are Jocalized
are ordered within the membranes. We nave devel-
oped a theoretical mode! for the system to enable
calculation of the orientation of the magnetic
axes of the primary donor species with respect to

the membranes in which they reside. The triplet
state spectra are generated by an ensemble of
partially ordered magnetic systems and a computer
simulation of the exoerimental results., The
traiplet arentulion 1s verv similar for the two
cryganisms studied, where one axis lies predomi-
nantly *n the plane of the membrane and the other
two axes nave approximately equal projections onto
the normal to the membrane.

b. MAGNETOPHOTOSELECTION OF THE TRIPLET STATE OF
REACTION CENTERS FROM Rhodopseudomonas sphaeroides
R-26

Harry A, Frank, Jchn Bolt, Richard Friesner and
renneth Sauer

Biochim. 8iophys. Acta 547, 502-511 (1979)

keaction centers of the photosynthetic bac-
tertum Rhodopseudomonas sphaeroides R-26, give
rise Lo large triplet state EPR signals upan
itlumination at low temperature (11 K). Utilizing
monochromatic polarized iight to generate the EPR
spectra (magnetophotnselection) we have shown that
the intensities of the observed triplet signals
sre strongly dependent upon the wavelength and
polarization direction of the excitation. These
data can be used to calculate the orientations of
the excited transition moments with respect to
each other and with respect to the triplet state
principal magnetic axes system. OQur quantitative
approach is to follow the procedure outlined in a
previous publication (see Ref. 5 abstract above),
whery computer simulations of the observed triplet
state spectra were enployed.

The results presented in the present work indi-
cate that the transition moment at 870 nm which is
associated with the bacteriochlorophyll ‘special
pair' lies almost entirely aiong one of the prin-
cipat magnetic axes of the triplet state. Also,
tne 570 nm transition moment makes an angle of
approx. 60° with the 546 nm transition moment
which 15 3ssocialed with a bacteriopheophytin,
This latter result 1S n agreement with previous
photaselection studies on the same bacterial
species (Yermeglin, A., Breton, J., Paillotin, G.
and Cogdell, K. {1978} Biochim, Biophys. Acta 501,
514-530+.

/. PHOTUSYNTHESTS--THE LIGHT KEACTIONS
henneth Hauer
Ann. Rev. Phys, Chem. 30, 155-178 (1979)

Recenl developments are reviewed in the absorp-
tion, transfer and trapping of photon excitation
1n photosynthetic membranes of plants and bacte-
r1a. The primary events of electron transfer in
reaction centers of Photosystems 1 and 2 of higher
plants are presented and compared with those of
photosynthetic bacteria. Electron donors and
acceptors are characterized, and the dynamics of
the electron transfer process are described from
the picosecond time regime onwards. Over 200
references to the recent literature are included.



8. ABSORPTION CHANGES OF P-700 REVERSIBLE IN
MILLISECONDS AT LOW TEMPERATURE IN TRITON
SOLUBILIZED PHOTOSYSTEM I PARTICLES

Kenneth Sayer. Paul Mathis, Suzanne Acker and J.
A. Van Best

Biochim. Biophys Acta 545, 466-472 (1979)

Triton-solubilized Photosystem I particles from
spinach chlorecplasts exhibit largely reversible
P-700 absorption changes over the temperature
range from 4,2 K to room temperature. For anaer-
obic samples treated with dithionite and neutral
red at pH 10 and illuminated during cooling, a
brief (1 ps) saturating flash produces absorp-
tien changes in the long wavelength region that
decay in 0.95 + 0.2 ms from 4.2 to 50 K. Above 80
K a faster (100 + 30 us) component dominates 1n
the decay process, but this disappears again above
about 180 K. The major decay at temperatures
above 200 € occurs in about 1 ms. The difference
spectrum of these absorption changes between 500
and 900 nm closely resembles that of P-700. Using
ascorbate and 2, €-dichlorophenolindophenol as the
reducing system with a sample of Photosystem I
particles cooled in darkness to 4,2 K, a fully
reversible signal is seen upon both the first and
subsequent flashes. The decay time in this case
is 0.9 + 0.3 ms.

9. TRIPLET STATES IN PHOTOSYSTEM [ OF SPINACH
CHLOROPLASTS AND SUBCHLOROPLAST PARTICLES

Harry A. Frank, Mary B. McLean, and Kenreth Sauer

Poc. Natl, Acad. Sci. U.s5.A. 76, 5124-5128 {1979)

We report light-induced electron paramagretic
resonance triplet spectra from samples of chloro-
plasts or digitonin photosystem 1 particles that
depend upon the dark redox state of the bound
acceptors of photosystem !. if the reaction
centers are prepared in the redox state P-700 A
X~Fdg~Fda~, then upon illumination at 117K we
observe a polar1zed chlorophyl! triplet species
which we interpret as arising from radical pair
recombination between P-700% and A™. This
chlorophyll triplet is apparently the analog cf
the PR state of photosynthetic bacteria [Parson,
W. W. & Cogdell, R. J. (197%) Biochim. Biophys.
Acta 416, 105- 149] If the reaction centers are
prepared in the dark redox state P-700 A X
Fdg~Fdy~, then upon illumination at 1l K we
observe a different triplet specigs of uncertain
origin, possibly pheophytin or carotenoid. This
species is closely associated with the photosystem
I reaction center and it traps excitation when
P-700 is oxidized.

11. DEVELOPMENT OF ELECTRON SPIN POLARIZATION IN
PHOTOSYNTHETIC ELECTRON TRANSFER BY TH® RACICAL
PAIR MECHANISM

Richard Friesner, G. Charles Dismukes, and
Kenneth Sauer

Biophys. J. 23, 277-294 {1979)

We have extended the radical pair theory to
treat systems of membrane-bound radicals with g
tensar anmisotropy. Analysis of the polarised
electron paramagnetic resonance {EPR)signals of
p-700* , ariginating from photosystem I of higeer
plaan in terms of the radical pair mechanism
provides infarmation about the sequence of carly
electron acceptors. To account for the oienta-
tion dependence of tie line shape and 1ntegrated
area of this polarized signal, we propose the elec-
tron transfer sequence to be P-700-A1~X+Fd{A,8),
where Ay is a small organic molecule {possibly
chlorophylli, X 15 the acceptor species apserved
recently in low-temperature EPR stuoies, and
Fd(A,B) are the ferrodoxin tron-sulfur centers A
and B. Our .alculations provide information about
the lifetimes of Ay~, and A7, and their
exchange interactions with P~700*. We also find
supporting evidence for the orientation of X~ in
the thylakoid membrane repcrted recently by G. C.
Dis~ukes and K. Sauer (Biochim. Biophys. Acta.
504:431-445.)

13. PERIODIC CHANGES IN THE OXIDAYION STATE UF
MANGANESE IN PHOTCSYNTHETIC OXYCEN EVOLUTION UPON
ILLUMINATION WITH FLASHES

T. Wydrzynski and K. Sauer
Biachin. Biophys. Acts 389, 56-70 {1950}

The pattern of mangancse released from chloro-
plast membranes by a rapid temperature shock after
various illumination regimes indicates that
changes in the oxidation state of bound manganese
occur during photosynthesis. Continuous illumina~
tion decreases by 35-40% the amount of Mn(1Il)
released in the presence of K3Fe(CN)g compared
with a dark-adapted control. Following illumina-
tion and heat treatment, the addition of the
reductant Hp0» to the samples causes an
increa.e in the level of electron paramagnetic
resonance (EPR)-detectable manganese. The pH
deperdence of the HpC» reduction indicates
that the non-EPR-detectable manganese present in
the heated sample after illumination is in the
Form of higher oxidation state compounds, e.g.
Mn0z. The 1ighL induced mn(Il) decrease is
reversible in the dark with ty, approximately
40 s and can be prevented by the presenc2 of the
Photosystem Il inhibitors 3-(3,4-cCichliorophenyl)-1,
1-dimethyl urea or fliorocarbonylcyanide phenyl-
hydrazone during the illumination perind.

After a series of orief flashes of light the
Mn([l) released by heat treatment ascillates over
periods of four flashes. The pattern is similar
to the Oo yield flash pattern and suggests that
a cycling of manganese oxidation states is in-
volved in the 0p evolution mechenism. The
oscillations in the Mn([]) reiease are analyzed in
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“ tno g tor Lhe delermip -
tion ot e ortenlationesd o trabutom function o
pertiably ardercd wyatoms tron the PR Dine shape
that anoan allernstve B the guur, one ot eapan-
moin the oloments, ot the wigner rotation metri-
e e metnod can he applied to distributon
Canc trens whoe copansinn n the rola o matr ix
edoments are lowly coangerqent or where the [PR
intens ity conmnd o be ocrapated analytically, [t can
tlan be aned tooeabeacl geometracal information
relating the principai magnet o axis system to the
preferred diver ton ot oraentation, An applica-
tion to “togily erdered ensemble of traplets
srerved e aholtos st hetic bacteriam RR”.
virtds el sen, and st suggested that our
techn i ey prove pactiou b ly valuable in oanal-
ysis of boaniogie r b g rems,
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<Y AP ThE SPLCTROSCOPTC PROPERTIES
ONE VELTOR

s GENERAC THE
OF PARTIalLY REERLD v NUEMBLES. T
PROBLEM

Kichard Friesner John A, Naitrn, and Kenneth Sauer

J. Lhem, Phys. 7o, #01-220 L14980)

We have developed a method for determining the
rosponse of 3 static, partially ordered ensembie
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A hennetn Sgger
Heviews of Chemi ol intermedaten, 3, nw-s8 g iaey”

This res1ew < ammarizes, Our esperiment i an!
theoretical stadis of electeon <pin peliar izathon
s lated with the Photesystem § o light reaction
cf green plants and algae,  Populitions ot the
electron spin sabtevels of the oxidized reaction
center-eloctran fon compies, which are not an
Lhermat equilaberan with their surround i s, can
e observed promptly atier fornation by photooxi-
dation. This polarization serves as ¢ rich source
of anformation about the magmitude ot the coupling
between neighboring electron transport cotactors
ther arganization within the nhoatosynthetic mem-
branes, and the kinetics ot eleclron transter,

Followirg @ briet account of the current know-
Fedge of the sequence of eleclron transfer reac-
tions n Photosystem |, the unigue contributions
provided by studies of electron spin polarization
are presented in Jetarl.


http://th.lt
http://th.it
http://th.it

DIRECT CONVERSION OF SOLAR ENERGY INTO
ELECTRICAL AND CHEMICAL ENERGY VIA
PHOTOSYNTHETIC MODELS

Melvin Calvin and Jesn Onvos

Pver the st oA, Sren il e R PN
nNas been made N gnterstingan . T e natare ot iy
proamar, guantu™ conyvers o b o photoasynthog g
A1thoaah v s certasal, net e nderstoe s
Lo B e onstrge ted 10 D 3l gtory, Ao

S orrcatt L Laadestiees aaee enerated an o intere
n modeltslsiana that are berr g oonstructe 1 oand
studred A7% e the phetowyntretic mombn ane
moded a2l the o ot Bagure 1o there are two guant
absorted, one nedr each shde [t the membrane,
flectron an. praton teansport stitalated by U
photaoexcited pigmerts produces uxidatia, on the
teft andg reduction on the rignt,  An analogue to
the membrane System i the vesicle shown beluw 1t
which aiso Jivides the system_into two parts.
Using an -lxylated [Ru\blpy)3]'3 cemplex as a3
sensitizer that locabizes o tne phasphoiipiag von-
icle wall, we have been able o promote an elec-
tron ¢and proton) trensfer acrcss the wall to
produce both osi1dation and reduction prod-

ucts. 0.6 Treviously, we had e sented evidence
for charge_migratior 1n intact, nh-otosynthetic
organisms.’ Half of the compiete system, having
onlv a singie interface iwe a micelle or an emyl-
sion, is also being sturted to budld up knowledge
about electror transfer reactions at interfaces.
We have shown that fluorescence guenching by elec-
tron transfer can be greatly enhanced in the prec-
ence of an interface where the reactants are
held.8 In principle, such half systems can
eventually be assembled and coupled on a membrane
or vesicle. With water-in-oil microemulsions, we
have also produnrd photoinduced electron transfer
from 8nf phase t¢ the other across the inter-
face.9,10" pifferent charged interfaces are
expected to affect the interaction o acceptors
and donors and thereby modify their undesired
recombination reactions. The oxidizing and reduc-
ing parts of the system should be kept apart and,
in general, each one requires a catalyst in the
final step of hydrogen and oxygen production. The
encapsulation of these catalysts into vesicles and
microemuisions is now under investigation.

The sensitized semiconductor-electrclyte inter-
face is another single interface that nas at-
tracted our attention. Here, an exciton conver-
sion into charge carriers occurs by electron
transfer into crbitals, or an orbital band, which
will allow charge to move in a semiconductior. A
mode) for this has been constructed usin; zinc
oxide as a n-type semiconductor pictured at the
bottom left of Figur? 1. and an adsorbed layer of
dye as a sensiiizer. 1 Sych a cell has been

This work was supported by the Division of
Chemic3l Sciences, Office of Basic Energy
Sciencus, U.S. Department of Energy, under
contract nn. W-7405-ENG-48.
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will contain no protein.

*See Abstracts.
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An amphaphilye trig(2,2'-bipyridine) ruthen-
sum( 2+ derivative that is incorporated into the
walls of phosphatidylcholine vesicles photo-
sensitizes the arreversible oxidation or ethyl-
enediaminetetraacetate{3-) dissolved in the inner
aqueous compartments of the vesicle suspensior and
the gne-electron reduction of heptylviologen(2+)
dissolv d in the continuous agueous phase. The
quantum yield of viologen radical production
depeads on the phospholipid-to-ruthenium complex
mole ratio. A kinetic model is used to derive an
order-of-magnitude estimate for the rate constant
of electron transport acrcss the vesicle walls.
The results are inconsistent with a diffusional
mechanism for electron transport and are inter-
pre:~d in terms of electron exchange.
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The creation of artificral solar energy con-
version and storage systems that mimic the photo-
synthetic pathway has 1nvolved, among other
approaches, the photolysis of water involving the
mediation of two photosystems in the generation of
reduced and oxidized species which are the active
components in the decompositien of water. Homo-
genegus {aqueous) solutions of these components
suffer from the basic timitation that the reduring
and oxidizing agents can react with each other and
thus no reaction can be observed. Several types
of synthetic “photosynthetic mempranes® have been
suggested as a means nf separating the two redox
units and overcoming these fundamental difficul-
ties. Recently, photosensitized electrorn transfer
across vesicle walls has been suggested as a means
for oxidizing and reducing agents in separate
water compartments. This report involves the
photochemical electron transfer across the inter-
face of a water-in-toluene microemulsion, and this
system is proposed as a model for the sepavation
of the oxidized and reduced species.
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dresolved 10 the continuous dgueous phase,  inten-
tionally added membrane-bound electron and praton
carrrers are not required for electron transport
acrnss the vesicle wallo. Mechanisms far e lec tron
transport dare consudered.

The photoinduced decemposition of water by
using suitable redox catalysts needs further
development. The reduciion of water to produce
Hp 15 established; however, the complementary
uxidation of water to Op is more difficult due
to the need for a multistep electron transfer
proce=s. A cycle that involves the partial oxida-
tion of water with the roncomitant production of
Hp is presented. In this cycle, the oxidation
of water i< photosensitized by a manganese com-
plex. The possibilities of utilizing the cycle
for production of useful chemicals or oxygen in
secondary reactions are described.






HYDROCARBON-PRODUCING PLANTS AND THEIR
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Figure 1. Southern California field station, showing both E. lathyrus and £. tirucalli, July 1978.

- {(CBB 780-12927)

This work was supported by the Division of
Biomass, Office of Solar Technology, U.S.
Department of Fnergy, under Contract

No. W-7405-ENG-48.
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Chemical analyses have been made of the heptane

*See Abstracts.
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extractable material of Euphorbia Jathyris, a
plant which has been proposed as an "energy farm”
candidate. The heptane extract is 4-5% of the dry
plant weight and has a heat value of ~18 x 10
BTU/1b. This reduced photosynthetic material
consists almost entirely of polycyclic
triterpenoids.



[ A . \ B
" [ v .
P ta . f o .
¢ A P . o
PR . P . .o te Lot Lo
NN o P . 'y Lo A
e, : [N B B LI
. Ty, ot - r 3t H ..;» N u‘. o . .
. o . , o 0 R S T .
P4 et S ‘ P PN Yoty
R P ' v v, e
ot N . [N I vy
- vty ¢ Ll en, T .
G g I Con e .
o . .t X . Wiy, L] v
FEE T P ot 3
R " . .
f y
e, v, Cevn TP
- ) . LN B v .
o N ‘nn M A . L. .
‘ U Lo f ' PR "
B R S L L 4 A0 Ot v, e
o S s, TR LTS SNC o S g tARN
P PR ¢t f oo [ITEE IR T
ST o 3, A the Jirect phols gy -
THe-TY Ly tear s My e Carnnng frum atomte 0
FIUVREREN et e e eraty Lo araigse toe
Ny e ol e e pnortas et nther by oo irban

Soptanty Wit 1 gtew tawar delerminong
various chems 3l carponents, inoaddfition,
et pl sever il ospecies o

Ao bias nave hegun 1o abtiain daty on whooh
WRRT10S whit he most o saccessf Ll There ares anti-
cations that fuphorbia Dithyris may yield approsi-
mately 10 hdrfégﬁ'df hydrazarbon material per acre
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PETROLEUM PLANTATIUNS AND SYNTHRETIC CHLOROPLASTS
M. Calvin
Energy 8, 851 (1979).

In considering the subject of this conference

il seemed proper to examine the idea of how pest
to use the knowledge acquired through basic
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CUed ant brosght tageti e Titer an
onsUrac et phys o1l system tor ener gy
recovery.  These synttes too Systems conld thus
capture the gquanta ang convert them Lo some otner
energy fornoand store that energy for indefinitely
Tong per1ods with the possibrlity of tuture recov-
ery at w111 1n some convenient form. These arti-
froal systems could be used to generate hydrogen,
for example, which could be used yn chemical pro-
CessIng, or 1S oan energy source, and thus release
some of the petroleum products now used 1n this
way for ather purposes,
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METABOLIC REGULATION AND PATHWAYS IN GREEN
PLANT CELLS AND LEAVES

James 4. Bassham

Radioactive isotopes have made possible the
charting of complex bilosynthetic paths in living
cells. Ultmmately, all such paths begin with the
photasynthetic carbon-reduction cycle, n which
carbon dioxide is converted by green plants to

sugar phosphates and finally to starch and sucrose,

During the first years of work on photosyn-
thetic metabolism, Melvin Calvin and co-workers
used radiocarbon and radiophosphorous as labeled
atoms to follow the path of carbon dioxide uptake
and re?gction in EhOlOSyntheSiS {Calvin cycle).
Given 14C0, and 3¢P-1abeled phosphate, green
plants in light made radioactive metabolites.
These substances were separated and identified
from extracts of the plant material by two-
dimensional paper chromatography and radioauto-
graphy. Analysis of the kinetics of appearance of
these labeled compounds as a function of time of
photosynthesis revealed their sequence along the
pathway from COp, to carbohydrates (Figure 1).

From that early work, precise quantitative
methods were developed for following the flow of
tracers through metabolic paths during constant
physiological states, such as steady-state photo-
synthesis or glycolysis of green plants in the
dark {see Figure 2 for example of steady-state
apparatus). These methods also permit study of
transient changes in levels of labeled metabolic
pools during transjtion_from one_state to another.
Both radicactive (14C, 32p, and 3H) and non-
radioactive (15N) tracers have been used, The
Teve!l of specific activity of these isotopes is
maintained constant for the duration of an experi-
ment, Aliquot samples of the biological material
taken and killed during the course of the experi-
ment are analyzed. Then the tracer content of
each compound, divided by the known specific
activity of the tracer used, gives a measure of
pool sizes and rates of turnaver.

These methods have found numerous applications
in the study of photosynthetic and respiratory
metabolism in green algae, blue-green algae, and
yreen tissue from leaves of higher plants. Such
studies have led to the discovery of many aspects
of the way in which metabolism is controlled in
these plant cells. The basic reductive pentose
phosphate cycle of phaotosynthesis has been found
to be regulated at several key reactions, includ-
ing the initia) carboxylation reaction and the
fructose-1,6-bisphosphatase-mediated steps.ls

This work was supported by the Division of
Biological Energy Conversion and Conservation,
0ffice of Basic Energy Sciences, U.S. Department
of Energy, under Contract No. W-7405-ENG-48.
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ather sites of redgoe’atron on oresynthetn pathe
ways leading from the basic Cy e have been
tified.  Sugar phosphates, Hnce tormed via the
Calvain cyclie, van be either converted to st
the chloraplacts, o exported troam the (hiaro -
plasts for wubseguent conversion to suorone ar b
proteins, l!pldx,vdnd other materials 1n the green
cells (Fagure i, Surrose in higher pilante
commonly translocated to other pirant tissues where
1t may be canver ted to many products ot secomdary
biosynthes s, Among such products, Hydracarbons
and resins are of partrcular anterest n thiy
laboratory because of their petentrar as liguid
fuels and chemical feedstorys,  Witnin the preen
cell, the distribution ot sugac phosphates to
Sucrose as compared Lo protean and tal synthesas

is contraolled to g large extent by the activi-

ties of several rate-limiting enzymes, 1ncluding
pyruvate kinase and phosphaenolpyruvate carbo-
xylase, both of which are cansifurdbly activated
during photosynthesis by the presence ot 1 or 7 mM
NHf 1n the extracellular environment. In the

dark with tsolated poppy leaf cells (sev bulow)
activation of phosphoenolpyruvate carboxylase only
was seen,d 1n contrast to earlter studies with

the unicellular algae, Chlorella pyrenoidosa,

where both enzymes were activated in Jight or dark,

1 e -

hoan

As another approach to the study of metabolism
and its regqulation, both whole and i1solated chlor-
oplasts and broken and reconstituted chloroplasts
are examined. Comparisoun of metabolism of the
reconstituted (1in vitro photosynthesis) system
with whole isolated chloroplasts makes it possible
to distinguish regulation mechanisms related to
transport through the outer chlorpoplast membrane
from other mechanisms. The reconstituted system
is also very useful for studying the effects of
added soluble cofactors, metabolites, and inhibi-
tors that might not penetrate the outer membrane
of intact chloroplasts.

During the past year, the kinetics of COp
fixation, of starch formation and of changes in
the levels of metabolites in chloroplasts and the
surrounding medium were investigated during light-
dark and dark-light transitions with isolated
intact chloroplasts.? Of particular importance
were changes in the levels of 3-phosphoglycerate
and hexose monophosphates between light and dark,
together with changes in ATP, which have been pre-
viously studied in this laboratory with isolated
chloroplasts. Also of interest was the fact that
the level of inorganic phosphate (Pj) stays con-
stant throughout the Tight-dark cycle. It was
previously reported that the activity of the
enzyme ADPG pyrophosphorylase, which catalyzes a
rate-limiting step in the conversion of hexose
monophosphates to starch, is affected by 3-phos-
phoglycerate, Py, and hexose monophosphates.
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Figure 1. The Reductive Pentose Phosphate Cycle. The heavy lines andicate redctions of the RPP
cycle; the taint lines indicate removal of intermediate compounds of the cycle for piosynthesis.

The number of heavy lines 1n each arrow equals the number of times thal step 1n the cycle occurs

for one complete turn of the cycle, 1n which three molecules of {0z are converted to one molecule

of GALJP. Atbreviations: RuDP, Ribulose l.,b-diphosphate; PGA, J-phosphoglycerate; DPuA,
1,3-diphosphoglycerate; NADPH and NADP', reduced and oxaidized nicotinami fe-adenine dinucleotide
phosphate, respectively; GA13P, 3-phosphoglyceraldehyde; UHAP, dinydroxyacetone phasphate; FDP,
fructose 1,6-phosphate; G6P, glucose 6-phosphate; £4P, erythrose Jd-phasphate; SOP, sedoneptulose
1,7-diphosphate; S7P, sedoheptulose 7-phosphate; xubP, xylulnse S-phosphate; RSP, ribose S-phosphiate;
Ru5P, ribulose 5-phosphate; and TPP, thiamine pyrophoasphate. (XBL /611-9660A;

The observed changes 1n metaholite ‘evels (ram
the whole chlorapiast experiments were then
applied to studies of reconstituted cnioroplasts
and consequent rates of ADPG glucose formation in
such preparations 1n the dark.AvS Witn the
reconstituted system, changes tn 3-phosphoglycer-
ate concentration and other changes known (o ocCur
between light and dark resulted 1n a 130-fold
increase 1n the rate of ADPG glucose formation 1in
the light as compared with the dark. Thus 1t 1S
possible to explain the complete regulation of
starch formation between light and dark n terms
of metabolite concentrations known to change 1n
whole chloroplasts.

In isolated chloroplasts in the dark, both the
oxidative pentose phosphate (OPP) cycle and gly-
colysis provide a pathway from glucose-6- phospate
(formed during starch breakdown) and other sugar
phosphates.® 'n isolated chloroplasts, the OPP

Figure 2, The "steady-state" apparatus--used cycle stops at pentose phosphates, which are not

for detailed investigations of the mechanisms converted to PGA. The PGA formed from l4C-G6P

and metabolic dynamics of photosynthesis. apparently came via the glycolytic pathway. In
(CBB 784-4932) vivo, and especially under conditions of rapid
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Figure 3. Metabolic pathways among subcellular crganeiles in green cells. Reduced carbon from photo-

synthesis in chloroplasts is exported as triose phosphate, PGA and glyrolate. These metabolitaes

are subsequently converted to other suybstances 1n the cytoplasm, peroxisomes and mitochondria.

Abbreviations: PEPA, phosphoenolpyruvic acid; OAA, oxalacetic arid; ASP, aspartic acid; ASN,

asparagine; GLY, glycine; SER, serine; GLU, glutamic acid; GLN, ylutamine; THFA-C, tetrahydrotoiic

acid bound to a one-carbon moiety; GIP, glucose-l-phosphate. Far other gaboreviations, see Figure 1.
(XBL 7710-4660)

cell growth requiring chloroplast growth and Jivi- low from photosynthesis ints biosynthesis. [t s
sion ai night, the OPP cycle cculd be expected to expected that cne of the effects of plant hormones
operate to produce triose phosphates while supply- will be to influence the synthesis of enzymes that
1ng NADPH for 1ipid synthesis. catalyze key rate-limiting reactions in the meta-
bolic pathways, For example, we observed a stimu-
Another mechanism 1nvolived 1n the 1nhibition of lation of C0Op 1ncorporation as well as glutamine
the reductive pentase phosphate cycle and activa- synthesis when 7,4-3 ‘s applied to leaf-free meso-
tion of the oxidative pentose phosphate cycle in pnyll cells.®

the dark was found to be Hp0p formation,
Hp0, oxidizes the reduced factors involved in
light activation,
A factor in pine needles which prevents photo-

During the past three years, much work has been synthetic l‘JCOQ uptake by either isolated pine
done with plant cells isolated from leaves.3:8.9 chloroplasts or isolated spinach chloroplasts con-
These cells are kept under conditions in which taminated with pine chloroplasts was investi-
they remain photosynthetically active for several gated. It was found to specifically inhibit fruc-
days. Such cells are used in metabolic studies tose and sedoheptulose bisphosphatases in the
with labeled substrates. In addition to observing reductive pentose phosphate (RPP) cycle. It was
regulatory effects of externally applied NHg isolated in small amounts, and was found to be
(mentioned above) we have initiated studies on the 1ipid soluble, but extractable into alkaline
effects of plant hormones on the pattern of carbon aqueous solutions.10
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Isolated mesaphgli cells from poppy were com-
pared with similar cells 3n antact leaves n Lheir
ability to export +%(C-1abeled photosyntnates.

It was concluded tnat export of pnotosynthate trom
the mesophyll requirey intdact symplastic connes-
tions.  Although poppy cells (Papaver somniterum)
could be 1solated and maintained in an active
state for several days, and were used for severai
studies, alternative material was needed. [During
the past year, much effort was spent in developing
methods Ln 1solate and maintain cells from spinach
(§p|narud oleracea) leaves.  Spinach plants re-
quire no wpecial Dcense to grow, and have the
advantage thal much more work has been done on
their photosynthatic carbon metabolism due to the
wdse with which spinach chloroplasts can be i50-
Tated. Unforlunately, methods used for poppy
rells didn’t work well for spinach, and a greal
many vartatiors nad to be tested dand new
conditions chosen, We are now able to maintain
tsolated spreach celis in a photaosynthetically
active forn for several days, and they are being
used for studies of aminn acid biosynthesis and of
photosynthet 1o ard photorespiratory metabolism.

Alsu during Lhe past year, the steady-state
photosynthesis apparatus has been improved to
permil move experimentation with centrolled arti-
ficial atmospheres, suych as those with enriche:
L0p or reduced Cuy levels, Improvemerts have
been made 1n IACUy qas storage, handling, and
recovery to insure that 2%C0p release to the
atmosphere 15 reduced to zero.

Steady wtate experimenls with whole evergreen
ash (Fraxlnus ghdei) saprings were carvied out to
datermine the translocation of labeled sucrose to
and out ot a wound,  Sealing by callose formation
was effectively prevented by ethylene diamine

tetragcetic acid, thus allowing sucrose exudation
for as Tong as 48 hours,  Further studies during
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Abstracts

1. THC REDULTIVE PENTOSE PROSPHATE CYCLE AN ITo
REGULATION

James A, Bassham

"Photosynthestis [, Photosynlhetic Carbon Metabo!l-
ism and Related Processes,” tncyclopedia of Plant
Physiology, New Series, i, o,

M. Gibbs and T.
Latzko, eds. (Springer-Verlag, Berlin, Heidelberq,
New fork, 1979}

The roductive pentose phosphate (RPP) cycle is
the hasic biochemical pathway whereby carbon di-
oxide is converted to sugar phosphates during the
process of photosynthesis. This pathway is appar-
ently ubiquitous in all photoautueruphic green
plants. In some higher plants, there is .r addi-
tional pathway (Cq cycle) via which COp is
first incorporated into four-carbon acids or amino
acids and is later released to be refixed via the
RPP cycle. This Cq cycle is not an alternative
to the RPP cycle, but rather functions to utilize
ATP from photochemical reactions to bring carbon
into the chloroplasts where the kPP cycle is oper-
ating. Information about the regulation of the

*See Abstracts.
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Biology, Voi. 13, Moduiation of Probein Function,
D Atkinson and L. Foc, eds. TAcadenic Pregs) New
York, 1979}, pp. 13%-159.

HEN

The rate-Timiting steps in the reductive pen-
tose phosphate cycle (KPP Lycie) were identified
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CHIMUGEATTON OF DARK CuU~ FIXATION 8Y AMMONIA

'
L.

k. b tammel, k. U, Cornwell and J. A, Bassham
Plant and Cell Physinl. 20(3), 1523 (1979)

Additior of 2 millimatar ammonium jon to iso-

lated mesophyll cells of Papaver somniferum
resulted in a 3-fold or greater increase in their
rate of dark 14¢ fixation, while even 0.1 mM

NH nearly doubled that rate. The most rapid
increase in the labeling of a metabolite occurred
in aspartate, and was accompanied by a decrease in
the steady-state level of labeled phosphoenol-
pyruvate. No change in labeled pyruvate level
occurred, and alanine labeling declined. Ammonium
ign addition had no effect on the pyruvate kinase
reaction in the dark. Our results are compared
with earlier findings, and the possible regulatory
function of ammonia is discussed.
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The kxneties ane the magnitudes of the changes
of metaholite concentrations during the light-dark-
light cecle are compared lo the kinetics of starch
farmation, and their relevance for a possible
light-dark requlation af starch synthesis is
discussed,

5. LIGHT-DARK REGULATION OF STARCH METABNI "M N
CHLOROPLASTS: Il. EFFECT OF CilLOROPLASTIC
METABOLITE LEVELS ON THE FORMATION OF ADP-GLUCOSE
BY CHLOROPLAST EXTRACTS

W. M, Kaiser and J. A. Bassham

Plant Physiol. 63, 109-113 (1979)

The rate of ADP-glucose formation from [14C]
glucose 6-phosphate and of ATP formation by the
soluble fraction of lysed cb ~:roplasts is studied
as a function of the levels of metabolites
(3-phosphoglycerate, orthophosphate, hexose mono-
phosphate, and ATP) as determined in whole chloro-~
plasts of Spinacia oleracea in light and dark.
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G, LARBON METABOL JS™ OF
DAKYN T UNIDATIVE
PRTHWAY

CHEOROPLASTY 1N T
PELTOSE uvLit vERSUS GLY Oy S

w. M. Kaiser and J, A, Bassham

Planta 134, 192-700 .1979;

The conversion of U-labeied [13C y qlucuse-6-
phosphate into other products by a Soluble frac-
tion of lysed spinach chloroplasts has been stud-
ied. It was found that both an uxidative pentose
shosphate cycle and a glycolytic reaction sequence
occur in this fraction., The formation of bisphos-
phates and of triose phosphates was ATP-dependent
and occurred mainly via a glyrolytic reaction
sequence irclucing a phosphofructokinase step.

The conversion of glucose-6-phosphate via the
oxidative pentose phosphate cycle stopped with the
formation of pentose monophosphates. This was
found not to be because of a Yack in transaldolase
(or transketolase) activity, but because of ine
high concentration ratios of hexose monophosphate/
pentose monophnsphate used in our experime ts for
simulating the conditions in whole chloroplascs in
the dark. Some regulatory properties ot both the
oxidative pentose phosphate cycle and of the gly-
colytic pathway were studied,

7. REVERSIBLE INHIBITION OF THE CALVIN CYCLE AND
ACTIVATION OF OXIDATIVE PENTOSE PHOSPHATE CYCLE IN
ISOLATED INTACT CHLOROPLASTS BY HYDROGEN PEROXIOE

Werner M. Kaiser
Planta 145, 377-382 (1979)

Hydrogen peroxide (6 x 10-4 M) causes a 90%
jnhibition of COp-fixation in isolated intact

chloroplasts. The inhibition is revers: by add-
ing catalase (2500 U/mi) or DTT (10 mM). If
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G.o. Paud, Soo0L nrohne and . AL Baoohgn

Plant Sca. cett. 15, 17-24 (1979

Addition of ¢,4-0 to mesophyl) cells rsulated
from “cives of Papaver sommiferum resulied 1n a
significant ncrease in photosynthetic C0p
icorporation as well as a stwmulation of gluta-
mne synthesis. Lvidence 15 presented that the
rise in glutamine is due to increased veduction of
nitrate to ammonia.

9. RELEASE OF PHOTOSYNTHATLS FROM MESOPHYLL CELLS
in vitro AND 1n vive

W. M, Kaiser, J. S. Paul and J. A, Bassham
L, Pflanzenphysiol. Bd. 94, 377-385 (1979)

Isolated mesophyll cell. from Papaver somni-

ferum and mesophyll cells in 1ntact leaves from
both Papaver somniferum and Spinacia oleracea were

compa 2d for their ability to export lac-1abeled
photosynthates.

It was found that under isotonic conditions
isolated mesogchyll cells release only 0.75% of the
total fixed carbon during a 1 h light period.
Amino acids seemed to be released faster than all
other compounds.

In a detached whole leaf at least 6% of the
carbon fixed during a 1 h light period in a smal)
illuminated leaf area was exported intc the sur-
rounding tissue, which was kept in the dark. The
main exported products were the free sugars
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Sornacn oniornntasts were carried oul 1n which
ifter &omin photasynthea s the pine chloraplasts
were wlded, Tt wds ot thal the subseguent
inhobrtuan ot spinach (00 fixation was due
netther Lo any ettect on the rate of export of
photosyr! -t metabolites trom the chloroplasts
to the megrum, nor to a Lirect effect on the RUBP
arhoxylase reaction.  The principal effect was
tound to he an inhibitror of the conversion of
tructose-1,6-brisphosphate and sedoheptulose-1,
7-bisphosphate to the respective monophosphates
and norganic phosphate.  From this finding it was
concluced that g principal e“fect of the inhibi-
tion by pint chloroplasts is probably an inhibi-
tion either ' ~ectly ar indirectly of the bisphos-
phatase enzymes in the spinach chloroplasts. From
its distribution between organic and agueous
acidic or neutral solutions, the inhibitory factor
of the pin~ chloroplasts must be lipophilic., Most
of the factor could be transferred to an aqueous
phase in a strongly alkaline solution. Following
subsequent acidification of the agueous phuse the
«ctivity could be comp’etely transferred back into
the organic phase. This procedure allowed for
separation of the inhibitory factor from most of
the pigments and other lipophilic substances pres-
ent in the pine chloroplasts and yielded a prepara-
tion which could be sutsequently fractionated by
thin layer chromatography. UV absorption was
found in twu fast-moving spots and at the origin.
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The purposeful growing ot plants for encrgy
Jtenergy tarmang" ) otfers certain advantages, such
a4 ease of transfer of existing technology and
storage of product, but is limited by solar con-
version efticiencies. A practical upper limit to
energy conversion efficiency s 5 to 6%, whereas
most agricultural crops show a 0.5 to 2% effi-
ciency on an annual basis. A variety of energy
crops may prove to be practical, depending on
terrain, water availability, and climate, as well
as competition with food crops. In semi-arid or
ariu regions wih high solar energy, covered
agriculture may someday be the method of choice,
but many practical problems remain. Currently
being considered for energy crops are silvicul-
ture, marine kelp production, biomass residue from
agriculture and forestry, algae, and fresh water
plants such as water hyacinths,

3. FEED AND FOOD FROM DCSERT ENVIRONMENTS
J. A. Bassham

In: The Bicsaline Concept, An Approach to the
Utilization of Underexploited Resources, A.

Hollaender, J. ATler, E. Epstein, A. San Peitro,

0. Zaborsky, eds. {Plenum Press, New York and
London, 1979), pp. 17-45.

The biosaline concept has been extended to
encompass "the element< of research, development,
demonstration, and utilization to apply modern
biological sciences and technologies tor deriving
essential resource materials in an environmentally
harmonious manner from marine and arid land mass
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PLANT NATURAL PRODUCTS

Henry Rumwipeer

- Sangnthmen g ar bt 0 SN g
AlkaT vt gre font oo S SET I SUTRNTR BT}
SPe. e Tnyent 3t Coagn many L thee,

alaa’erds nace fan: ' el ioatton o e
Sine, thetr role an the plant's economy w1
remaing ohscure,  Trre Taharatery has under
detarled study, using radioactive Jarbon dloxi e,
of the formation and fonctror f alialerds ir i
cprum poppy and Nicottara <peiaes,

W, o

nation Pyt

Crargge prodd-

1y af thehate

These stadies haye fispaileg the
tne alkaloids are merely featf-gng
ucts.  For example, e nova svatt
occurs in tews than 30 minutes--nicotine o 16
minutes. The biosynthetis sequenc o morphene
has now been established back five wteps, viz,
reticulingsthebainesneopinonss codeinones pde e
morphine. 3 Also, the nonspecificity of ane of
the enzyme systems has been demonstrated by the
bigsynthetic conver<ion of odpine methy ] ether
ar nnatural compound, to codeine, By use of
bigsynttetically synthesized compounds (e q.,
morphine), the turnover an! metabolic fate of
these alkaloids are being studied. Morphine, lony
thought to be the final product in the sequence,
is itself metabolized to normorphine, among other
products.

In Nicotiana, the tiosynthesis of nicatinc has
been shown to be quite complex, with probably two
pathways involved. Further understanding of these
pathways is being pursued by short-term kinetic
studies with seedlings and with cell-free sys-
tems. Nonspecificity of the alkaloid-synthesizing
enzyme system has been demonstrated again by for-
mation of nicotine analogues from unnatural pre-
cursors of the pyrrolidine ring.

Current emphasis is on aberrant alkaloid bio-
synthesis, metabolic fate of the alkaloids in the
plant, and alkaloid biosynthesis with cell-free
s, stems,

B. Plant Bile Pigments

Phycobilins. Algae contain major auxiliary light-
harvesting pigments known as phycobilins, These
pigments, which are essential for efficient photo-
synthesis in the algae, consist of bile-pigment-
like chromophores covalently bonded to protein.

This work was supported by the Division of
Biological Energy Conversion and Conservation,
Office of Basi~ Energy Sciences, U.S. Department
of Energy, under Contract No. W-7405-ENG-48.
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shall then undertake synthettc work to recansti-
tute the chromopeptide and define the minimum
structural features vequired tor these Tight-
harvesting piraments,

fhytochrome.  Thas merphoagentoa Ty aetave plant
chramoprotetn oo antazately imvolved o adl leve”
cpmental aspect< of plant growth.  Because of ity
complex and sensitive nature, it has also eluded
unambiguous structural assignment. However, the
data obtained so far indicate it i< similar to the
phycobilins. We have applied our new structyral
methodol qv to this extremely important plant
pigment a5 well and have estathghed the structure
of the phytochromoundecapeptide.

Pkytachrome i< a reversible hinligical switch
The action of far red light causes it to change
from the inactive Pp form to the active Ppp
form. The two most reasonable hypotheses for its
mode of action in the Ppp form are through gene
activation or by affecting membrane permeability.
However, structural informatiorn on exactly what
changes accompany the transformation to the Pgg
form is totally lacking. We plan to provide this
information by applying our structural methodoTogy
to the Ppp form.
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Abstracts

4. ENZYMIC REDUCTION OF CODEINONE IN VITRO:
CELL~FREE SYSTEMS FROM PAPAVER SOMNIFERUM AND P.

C.C. Hodges and H. Rapoport
Phytochemistry 19, in press (1980)

Cell-free extracts have been prepared from

Papayer somniferym which perform the reduction of

16-§H codeinone to codeine. Methodology of
guantifating this conversion has allowed condi-
tions for preparing the enzyme extracts to be
explored. From P, bracteatum a cell-free system
was also prepared which reduced codeinone to
codeine, both of which are alkaloids foreign to
this species.

5. CHROMOPEPTIDES FROM C-PHYCOCYANIN, STRUCTURE
AND LINKAGE OF A PHYCOCYANOBILIN BOUND TO THE
B-SUBUNIT

J.C. Lagarias, A.N. Glazer, and H. Rapoport

The smallest cyanogen bromide fragment derived
from the 8-subunit of Synechococcus sp. 6301
C-phycocyanin, the blue heptapeptide 2, has been
investigated by 360-MHz I MR spectroscopy.

*See Abstracts.
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The peptide portion, heptapeptide 3, was synthe-
sizea independentlv and used in comparative spec-
troscopic analysis. These studies have led to
complete assignment of the structure of the
peptide-linked phycocyanobilin and olucidation of
the nature of the thicether chromophore-peptide
link age.

6. CHROMOPEPTIDES FROM PHYTOCHROME. THE
STRUCTURE AND LINKAGE OF THE Pgp FORM OF THE
PHYTQCHROME CHRQGMOPHORE

J.C. Lagarias and H, Rapoport
J. Amer. Chem. Soc. 102, in press (1980)

The isolation and chromographic purification of
chromophore~containing peptides from the Pp form
of phytochrome treated with pepsin and thermolysin
?re described. From the amino acid sequence and

H NMR spectral analysis of phytochromobili-
undecapeptide (2), the structure of the Pg
phytochrome chromophore and the nature of the
thioether linkage joining pigment to peptide have
been established. Confirmatory evidence was
obtained from similar analysis of phytochromo-
bilioctapeptide (3). The implications of this
structural assignment with respect to the
mechanism of the Py to Ppp photctransformation
is considered.



BIOPHYSICS

Mebvin P KNlen

Certair microarqantums can reduce atmospheric
dinitrogen (N-  'rto ammor ta 1n a process hnown
as nitrogen fixation. In fact, biclogical nitre-
qen fixatior 15 responsible for 72% of the fixed
ritrogen input tn the agricultural soils of the
earth, It therefore plays a central role in the
5'nba’ nitrogen cycle, C(atalyzed by the enzyme
system nitrogenase, nitrogen fixation provides a
pool nf ammonia which is ysed for the syrthesis of
biochemically vital nitrogen-containing com-
pounds. In addition to reducing nitrogen, the
ritrogerase system evolves hydrogen. When coupled
with photosynthesis, as often occurs in nature,
thi. remarkable <ystem uses solar energy to fix
nitrogen, produce hydrogen, evolve oxygen, and fix
carbon. A deeper understanding of this system
promises to nffer suggestions on how solar energy
may be converted into fuel, food, and fertilizer,

Nitrogenase is composed of two iron-sulfur
proteins. The larger contains 1-2 molybdenum
atoms and approximately 30 iron and 30 acid labile
sulfur atoms per 220,000 daltons. [t is known as
the Mo-Fe protein. The smaller protein, known as
the F¢ component, contains 4 iron and 4 acid
labile sulfurs per 60,000 daltons. Both proteins,
ATP, a divalent metal atom, and a suitable reduc-
tant must be present for substrate reduction,

Two unsolved gquestions are the objectives of
our resarch. The first concerns the role of the
Mo atom, essential not only for nitrogenase but
for all enzymes which oxidize or reduce nitrogen.
The second question is directed toward an elucida-
tion of the intermediates which may be postulated
to occur on the pathway between Ny and NHj3.

As none of them are observed in active enzyme
preparations, they must remain bound to the enzyme
until the reduction is complete.

We have been studying the molybdenum sites in
nitrogenase by x-ray spectroscopy using the syn-
chrotron radiation emanating from the SPEAR stor-
age ring at SLAC, at the Stanford Synchrotron
Radiation Laboratory. X-ray spectroscopy provides
information on the oxidation states and on ligand
symmetry and strengths from the precise energy and
features at the K-edge of the atom under study, in
this case Mo. The oscillatory modulation of the
x-ray absorption coefficient at higher energies,

This work was supported by the Division of General
Life Sciences, Office of Basic Sciences, and the
Division of Biological Energy Conversion and
Conservation, Office of Basic Energy Sciences,
U.S. Department of Energy, under Contract

No. W-7405-ENG-48; and by the National Science
Foundation, Grant No. PCM 7812121.
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the [XAFS, can be fourter-transtormed to yield a
radral cistrabutyon tynction giyving the apparent
distances to the ligand. A more detarled analysis
can provide accurate distances, and the numbers
and 1dentittres of such ligands ran be frequently
inferred,

We have determined that the Mo in the Mo-fe
componeni of nitrogenase has about three & atoms
at 2.37 A and three Fe atoms at .77 We souqht
chaiges in ¢coordination about Mo by exposing the
Mo-Fe component to N>, but to within our deted-
tion limits found little (hanqe.lv” Since 1t ois
nat known if the 1<olated Mo-Fe comparent binds
substrate, this finding 1s not surprising.

This guestion, a4« well as that of the nature of
intermediates, 1s being addressed by NMR spec-
troscopy. In addition to the natural substrate,
Np, it has been found that many nther triply
bonded rompounds are reduced by nitrogenase,

CoHp e reduced to g CaHp and torme the hasis far
enzyme assay. We are using high resolution NMR in
the liquid state to determine the binding con-
stants of gaseous “ubstrates, ard in the solid
state to probe the wdentity of 'ntermediates.

For these purposes we have r-rently completed a
multinucTear NMR spectrgmeter using a 63 kilogauss
superconducting magnet. This spectrometer in-
corporates a numher of features specifically de-
signed to render it applicable to the study of
biological materials. It operates with high
sensitivity in the Fourier tran<form mode and is
capable of performing double resonance and
multiple-pulse experiments, all under computer
control. The dedicated NMR computer is also
interconnected to the Laboratory's central
computer system, where very large interactive
computations can be executed. Of particular
interest has been the development of two-dimen-
sional NMR spectroscopy which is capable of
providing NMR spectra with higher information
content.

Photosynthesis provides a model for the utili-
zation of solar energy to split water to provide
reduced substances, useful as fuel or food, and
molecular oxygen. This process is poorly under-
stood at the molecular level. In the watersplit-
ting reaction it is known that metastable inter-
mediates are produced following light absorption;
manganese and chloride ion are implicated as
essential catalytic cofactors. We are using
several new biophysical techniques and approaches
to explore the role of these and other elements
that participate in the water-splitting reaction.
In particular, the Mn sites, heretofore invisible,
are being studied by x-ray absorption spectroscopy.
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b e }m rivaling that abtained by electron
dittraction D When araphite s exposed to these
and Ather tiorinated complexes, marked changes in
the o iectranic properties of the intercalated
qrephite acour, Thus it has heen determined that
wher qraphite s vaosed to AsFy the graphite s
oxidized and AsF 3 andg Ackg are the intercasant
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it has long been known that when alkali and
alkaline ecarth metals are dissolved in NHz, the
solutions heoome metal-like in their electronic
conductivities. The nature of the changes in the
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In sypport of tre many anstegmental and compy-
catrenal nesdy of the Diboratory, we have in-
stalled a new computer system.  This syster is
hased onoa VAX 11//80 romputer with disc drives,
magnetye tape drive, programming and interactive
graphics terminals, line-printer, and graphics
plotter. The computer system has been interfaced
with the flow cytompter, with the fluorescence
Dfetimes apnaratus, and with the superconducting
NMR spectrometer One of the most useful features
of the old compy pr system was archival storage
and retrieval of data acquired on muny of the
Taboratory's instruments. The new Ssystem has been
programred to retain this unigue capability,
qiving access to all tne previously acquired data.

genase, 1. Proceedings of the Kettering-Steiibock
Symposium on Nitrogen Fixation, W. H. Orme-Johnson
ang W. E. Newton, eds. (Unjversity Park Press,
Baltimore, 1979).
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Abstracts
3.1 CONFORMATIONAL ANALYSIS OF CYCLIC PEPTIDES of Karplus relationships far the vicinat coy-
11. MULTINUCLEAR NMR SPECTROMETER FOR THE plings, and salution conformations may then be
STUDY OF BIOLOGICAL SYSTEMS inferred,
Willy Chao-Wei Shih This approach to conformational analysis was
applied tr an examination of the metal affinities
Ph.D. Thesis, University of California (1979}, af cyclu-[3-"4-g-aminoethyl]-phenyloxypropannyl
LBL~10097 {~proTyT] and cyclo-[3-(4-¢-N-methylaminoethyl}-
phenylnrypropanoyT-L-prolyl]. The NMR data
A systematic approach to the employment of 1y revedled that the metal affinity of the former is
NMR data to the analysis of the solution confor- probably a re<sult of the orientation of both
mations of small pclypeptides is outlined. Two- carboryl groups towards the same face of the ring;
dimensional homonuclear J-spectra along with the the sharply tower affinity of the N-metryl cyclo-
corresponding 45° projections and contour maps peptide for divalent rations is likely a result of
simplify the task of homonuclear decoupling ex- the carbony! fecing opposite sides of the ring.
periments, and the assignments of lines js made
very straightforward. The vicinal couplings that Part 11 of this thesis describes the design
are likely to vary as the conformation changes are approach, major construction details, and the test
then examined. Spectrum simulations coupled with and characterization procedures associated with
x-ray data for model systems allow the formulation the construction of a broadband multinuclear NMR

*See Abstracts.
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has been tormed w-ra, ysorption edge spectrascopy
(XAESY, are trarsitians nto the ynoccapied mole-
cular arhitals w metallte hands of the plement
being studied. n the hish energy s)de of the
absorption edge, the osc:ilatory portini of *ne
absorptior coefficient, which has been iabeled
extended x-ray absorption fine structure {(EXAFS),
can be analyzed to pruvide a local radial distri-
bution function around the element heing studied.
XAES and EXAFS data providad information about
both systems studied in this work.

The As-F distances obtained for AsF3 and Asfg
gas are both in excellent agreement with electron
diffraction data (within 0.004 ﬂ). A superior
measurement that is significantly shorter than
the accepted value of the bond distance in an
undistorted AsFg™ octahedron is reported.

Both the XAES and ESAFS data support the hypo-

e et v, . T
LN ‘ .
K} ar*
, e e e e .
, e . Lo [N
oy, PRI . . LT I
) , e . . .
. P e . ] . ' ' tra 1.
. , e . C e ey o .
. . . . o, .o
. . " .
o ] v . o L L .
P , ' oo, ' oty et L.
, .., . o ' s
. . v ' . R R MR
L . . e ke
R ; E <o s
B o, . T
f g f s
X " N "
. L . ' 4
N . .
At P oo ! e ' N
" . . St ey e '
, A e I [EE AR
Ve g . B ! P b S o ge
P I L RTR T H t he shatte witn
Cempeat e ane thy crtior wtate ot Moy mpta?
IO L Lt on MAT D e RESN Gt ang e
CeoMAT DT . L RS

temporar e e !
LOOCRNCS e ma e eyt R

oty pbar e the range t
(] /3] »
te 160 oy the metal camber density ascertained
spertroscopteal’y weows o tempaorat re dependence
sumilar o that moae rec qriv]mntriralTy; and

1wl the eftect< of phase separation have been
detected (Ro= 5, 7 = 197 k1 in the density as
woil as in the Rh-N distance as a spread of K-edge
values far the two coexisting liquid phases.
Trangitione {1 appear to be very sensitive to the
potential an the neighborhood of the adsaorber.
These are absent in the pure metals and increase
in intensity near the Ml transition suggesting
that the final state levels for (1) are broadened
in the metal. These transitions could be used in
the future to develop theoretical models for the
potential in the neighborhood of the adsorber near
the MI transition, but 21l models must be consis-
tent with a solvated species where the metal-
nitroaen distance i« constant.
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The fl.,nrescent dye ethidium bromide is es-
pec1a’ly yseful as a probe of ONA because the
changes 3 the flynrescence properties of the dye
apon binding to DNA greatly enhance the effect of
spontaneous fluctuations in the pinding equilib-
~ium, An autocorrelstion function is obtained
from as few as 5000 dye molecules. This sensi-
tivity makes small regions of individual cell
nue e apprepriate objects for study.

A1l the measurements described employ a laser
beam focussed to dimensions of the order of one
micron. Knowledge of the beam radius is critical,
and a new method for its determination in situ is
reported.

Experiments are described employing well-
characterized DNA preparations, including calf
thymys ONA, SV4Q DNA, and calf thymus nucleo-
histone particles. Measurements made in small
regions of isolated cell nuclei and on nuclei in
vivo are described. These data indicate that the
strength of dye binding increases in nuclei
isolated from green monkey kidney cells when the
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sample plane '« caraed by displacing erther the
focusing lens or sample positron along the beam
acls, the diffy<ron twme and average rumber of
molecutes vary 1n a parabolic manner. Analysis of
the parameters of the parabola leads to estimater
ot the bearm radiys at the waist. The recylts
agree with theoretical predictions and proyide an
independent measurement of the heam profile,

13. THL USL OF FLUORESCENCE CORRELATION
SPLCTROSCOPY TO PROBE CHROMATIN IN THE CELL NUCLEUS

Stanley M. Sorscher, James C. Bartholomew, and
Melvin P, Klein

Biochem. Biophys. Acta., 1n press

A1l cystems in thermodynamic equilibrium are
subject to spontamecus fluctuations from equilib-
rium, For very small systems, the fluctuations
can be made apparent, and can be used to study the
behavior of the system without introducing any
external perturbations. The mean squared ampli-
tude of these fluctuations contains information
about the absolute size of the system, The char-
acteristic time of the fluctuat - : autocorrelation
function contains kinetic information.

In the experiments reported here, these con-
cepts are applied to the binding equilibrium
between ethidium bromide and DNA, a system where
the fluorescence properties of the dye greatly
enhance the effect of spontaneous fluctuations in
the binding equilibrium.
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Preliminary experiments employ well-chararter-
ized ONA preparations, including calf thymus ONA,
SV40 DNA, and calf thymus nucleohistone part-
icles. Agditionsi measurements are desrribed
which have heen made tn small regions af indr-
vidual nucle:, 1solated from green monkey i idney
221ls, nbserving as few as 5000 dye molecules.

The data “ndirate that the strength of Adye binding
tncreases inonuc et isolated ram cellq whith hayr
been stimulated to enter the cell growth rycle,
The J1vcns 'ty nf nuclear material s nferred to
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THREE-DIMENSIONALSTRUCTURE OF PROTEIN AND

NUCLELIC ACID!
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naira:
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4 6-a-A-T-T-0)
Al C-T-T-A-A-G

fcoR]l restriction-modification system is chosen
for this category. We hive prepared 30 mg of the
enzyme,  UNA sequence GAATTC has been provided by
br, £. Jay at the University of New Brunswick.
EcoRl endonuctease has been crystallized! < but
DNA rcomplexes have not been, as yet, We are cur-
rently engaged in the search foar the crystalliza-

This work was supported by the National Science
Foundation, Grant No. PCM 7916434, and the
National Institutes of Health, Grant No. CA 15802.
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IV b cean wnawn tor o a long tare that the
nac e acceb conformation 1y sensitive to the
sandge ot omet ol tons present an the salution.  Opc
ot the oardicat known examples is the dinter-

conversaor ty tween B-ONA to Aor C-DNA by varying

el atee vridity o counter-ion types in DNA
tiher o 1l There we three classes of metal
ton that wrtee o boweth g lere ageid: phosphate-

netraliying, base-ape-ific . and structure-

<pecific metal 1ons,

NucTere acid-uetal ion interactions are impor-
tant 1n stabiiizing secondary and tertiary struc-
tures of nucleic acids.  The evidence for the
contormation-specific metal ion binding in tRNA is
overwhelming. However, neither the specific
detail of the binding, nor unambiguous binding
sites are known. The only example of this class
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known by x-ray crystallography is the determina-
tion pf the pinding sites f tal i
tRNA,fO,lT,]Q g e or metal ions in a

Another aspect of nucleic acid-metal ion
interactions is environmental: the toxicity of
heavy metal ions on living organisms has been
known for some time and has been a major concern.
Some toxic metal ions bind tightly to nucleic
acids. Our knowledge cof the structural details,
however, is very weak and limited mostly to the
nucleotide level; it needs to be extended to the
polymer level. We plan to study heavy atom-tRNA
interactions.

DNA Fragments

It has been 28 years since the Watson-Crick ONA
mode! was proposed. Although the model describes
the overall symmetry and geometrical features of
double-stranded DNA, conformational details such
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SOLVENT-ACCESSIBLE SURFACES OF NUCLEIC ACIDS
Charles J. Alden and Sung-Hou Kim
J. Mol. Biol. 132, 411-433 (1979)

Static solvent-accessible surface areas were
calculated for DNA and RNA double helices of

varied conformation, composition and sequence, for
the single helix of poly(rC), and for a transfer
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as extent of irregularity of backbeone structure
dependent on base seguence, G*C content, and
effect of metal ions on conformations are not
known. These conformational details are essential
for understanding DNA functions at different
stages of its role. There is an intense effort to
reexamine "known" structural features such as the
number of base-pairs per turn and DNA con-
formation as a function of environment. At the
present time, the only way one can get a detailed
atomic structure of DNA is to determine 3-D
structure of short DNA fragments 5-10 base pairs
Tong by single-crystal x-ray diffraction. The
value of this method was dramatically illustrated
by the crystal structure of the (CG CG CG)

double helix, > which revealed a totally dif-
ferent structure from that of Watson-Crick, s:j-
gesting strongly that base sequence can dictate
the Tocal DNA conformation. To test this hypo-
thesis, we plan to determine the crystal structure
of several double-helical DNA fragments.
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RNA. The results show that for DNA and RNA double
helices, two thirds of the water-accessible sur-
face area becomes buried on doubie helix for-
mation; phosphate oxygens retain near maximal
exposure while the bases are 80% buried. Transfer
RNA exposes slightly less surface per residue than
does double-helical RNA, despite the presence of
several additional “modified" groups, all of which
are exposed significantly.



When a probe corresponding to a single water
molecule is used, both the total and atom-iype
exposures are very similar for A-DNA and B-DNA,
although marked differences appear in the major
and minor groove exposu .S between the two confor-
mations. For a given base-pair, the accessible
surface area buried upon double-helical stacking
is nearly constant (within 5X) for different
sequence of neighboring base-pairs.

For probes larger than single water molecules,
there exist considerable differences in the total
and atom type exposures of A-DNA and B-DNA. Con-
formational transitions between the A-DNA and
B-DNA helical forms can thus be related to dif-
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Figure 1.

ferences in the accessible areas for "strurtured”
water, or a seccndary hydration shell, rather than
to interactions with individual water molecules of
the primary hydration shell (Figure 1). The
base-composition dependence of DNA helical confor-
mation can be explained in terms of the opposing
effects of thymine methyl groups of A+T base-
pairs and the amino groups of G+C base-pairs

upon the solvent within the grooves.

The area calculations show that primarily the
major groove of B-DNA and the minor groove of
A-DNA have sufficient accessible surface area to
be recognized by a probe size corresponding to the
side-chains of amino acids (Figure 2).

(b)
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Accessible surface areas for 2 base-paired residues of

(a) poly(dG)spoly(dC) and (b) poly(dA}.poly(dT) in the A-and B-helical forms,
calculated varying the probe radius ry. For both polymers, the B-DNA form
entails relatively greater total exposure, and particularly a greater exposure
of phosphate oxygens, for large probe radii. This result is consistent with
the experimentally observed result that high water activity encourages
adoption of the B-DNA conformation, (----- ) A-DNA; ( ) B-DNA,

(XBL 806-10240)
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INTERCALATION CONFORMATIONS IN SINGLE- AND
DOUBLE-STRANDED NUCLEIC ACIDS
and 5,-H, Kim

S. R. Holbrook

Internat. J. of Macromotecules 1, 233 (1979)

Two regions in the crystal structure of yeast
phenvialanine tRNA, where single~stranded loops
interact by intercalation, have been examined in
detail, There are four examples of a nucleotide
base from one loop intercalating between two
sequential bases of another loop in these two
regions (Figure 3). These four dinucleoside
phosphate conformations serve as models for
intercalation in single-stranded nucleic acids.
Nouble-stranded ONA and RNA polymers were con-
structed by computer model building methods, which
incorporated the dinucleoside phospnate confor-
mations found in these single-stranded, intercala-
tion regions in otherwise standard double heli-
ces. The results suggest that it is unlikely that
there i: a unique intercalation geometry for
either single or double-stranded nucleic acids,
but that nucleic acids may assume one of a variety
of intercalating geometries which will best accom-
modate a particular intercalating agent for a par-
ticular base sequence (see Table I).
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fu, 8) R0

A S T I RS LY B R N I

R PR L T T
fafli witt Jee e

NN eIE h 1 R P SN T RN
(R U

-
o us

'. A9

16 22-Cl3

m'G 46 .
8 @ mass

5450
‘ i
5 .oy 51 v X

Figure 3. Schematic representation of two regions
found in the crystal structure of yeast phenyl-
alanine tRNA where single-stranded loops interact
by a process of mutual intercalation. Lines with
arrows indicate the progress of the ribose-
phosphalc backbone, with the bases represented by
Tines perpendicular to the backbone. Open circles
signify a ribose which has a C3' endo pucker while
darkened circles denote sugars in the C2' endo
conformation. A 'plus' sign indicates a base
carrying a net positive
charge.

(XBL 806-10242)
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Tabde bo Sty tural featyees of DNA and RNA mogeld«.

Ta b KR AVGDS
Mateln allonin: anteroalatyor
DhA S 40 37 3.4 7.0
DNL - 3 1 1.t 7.0
NG e n3 11 1.1 6.4
REA [ 3h 3 7 1.9 7.2
BNA (B] <4580 21 7 n.2 6.4
NGB -orefiavin AR} n 0 6.8
DNA-EZ -4 tBr 1 8 1.0 6.8
Stangard cop lete ac1 1 models
DRA-B 36 0 0 3.4
RNA-A 33 0 ol 3.4
T - ture angle an odegrees, falculated as the angle bhetween the vectors conpecting the C1' atoms of
each hase pair invelyed in intercalation projected on the average plane between the base pairs around
intercalation site,

b5 - 1 ‘bend' angle in deqrees between helical axes formed by base pairs above and helow
intercalation <ite.

CDH - Apgutrom displacement in helix axis at average plane between base pairs above and below

intergaration site.

d AVGD - average distance in Angstroms batween hase planes around intercalation site.

helical stems occurs before the entire molecule is

SEQUENTIAL FOLDING OF A TRANSFER RNA: (I} AN NMR formed. Further, some of the tertiary interac-
STUDY OF SUCCESSIVELY LONGER tRNA FRAGMENTS WITH A tions (hydrogen bonds) found in the crystal struc-
COMMON 5" END ture are also probably present before the synthe-
. ) ) . sis is completed (Figure 5). These findings are
John Boy'ie, George Robillard and Sung-Hou Kim generalized to cons.der the precursor of the tRNA

1
. Mol Biol. (in press) as well as other tRNA's,

Most folding studies on proteins and nucleic
acids have been addressed to the transition !

between folded and unfolded states of an intact | )
moTecule, where an entire residue sequence is e XL
present during the folding event. However, since L
these polymers arc synthesized sequentially from W 174 Fragment

one terminus to the other in vivo, their folding

pathways may not be greatly influenced by the

sequential appearance of the residues as a 5
function of time.

A, 36
172 Fragment

The three-dimensional structure of yeast
tRNAPRE §n the crystalline state is correlated

T
with 360 MH, proton NMR resonances from three 1 { \
fragments pﬁus an intact motecule of the tRNA that {u ] [ -
share « common 5' end (Figure 4) and are in a P )

solution condition similar to that of the crystal oy I Q;
structure. This has allowed identification of RS n t
folded structures present in the 7ragments and / S &\)
presumably present in the growing tRNA molecule as -

it is being synthesized from 5' end. The experi- 5 35 Frogment inlact molecule

ments show that only the correct stems are formed

in the fragments; no additional or competing heli-

cal regions are produced. This suggests that in Figure 4. Fragments from yeast tRNAPN® ysed in
the bios nthesis of this tRNA, correct folding of this work. (XBL 7911-50944)
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Figure 5. Schematic representation of the sequential folding of yeast
tRNAPRE, (XBL 7911-5095)
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STRUCTURES AND FUNCTIONS OF NUCLEIC ACIDS

lenacio Tinoco, dr.

The base sequence of a nucleic wid contains
the information that determines i1+ hiological
functions and characterizes its « - tormations in
different environments, We want ‘o be able to
interpret a base segquence in terms of function and
to be able to predict the conformations that can
occur. That is, we are studying how the primary
structure (base sequence) of a nucleic acid deter-

o

(1)

mines its secondary and tertiary structure
{double~strand formatior and folding). The pri-
mary, secondary and tertiary structures in turn
determine and control the biological functions.
We have used semi-empirical potential energy
calculations to find posffh]ﬂ conformations of
dinucleoside phosphates. The three conforma-
tions shown in Figure | represent the most stable

ol
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T ¢one
\*V:}‘~’—§Y§*)(>+k

SN e T
ot

[Pt
P B

— A
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Figure 1.Three minimum~enerqgy conformations of the dinucleoside phosphate, adenylyl-3'-5'-adenosine {ApA).

This work was supported by the Division of
Biomedical and Environmental Research, Office of
Environmental Research and Development, U.S.
Department of Energy, under Contract

No. W-7405-ENG-48.
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species with stacked bases. In addition, many
other species have unstacked bases. The kinetics
and thermodynamics¢ of the transition between
stacked and unstacked species in dinucleoside
phosphates was studied using spectroscopic
methods. The data indicate that the transition
does not occur by a simple two-state model.

We have recently started to apply our knowledge
of DNA structure and stability to frame-shift
mutagenesis. Frame-shift mutations are parti-
cularly harmful because they cause the misreading
of many words of the genetic message. Other
mutations usually cause only one word of the
message to be affected. A bulge of one or two
unbonded bases in a replicating DNA can cause a
frame-shift mutation, If the bulge occurs in the
parent strand a -1 rframe shift results; if the
buige is in the new strand a +l frame shift is
produced.

Planar aromatic molecules are known frame-shift

mutagens. We are studying the interaction of such
mglecu1ef with oligonucleotides. A combination of
13¢ and IH nuclear magnetic resorance and

optical spectroscopic studies has provided struc-
tures for the complexes between the mutagen
4-nitroquinoline-1-oxide and dinucleoside phos-
phates (see Figure ?2).° Similar studies have
shown that ethidium, another mutagen, dr‘initely
facilitates the formation of bulges in double
strands.

Theoretical work on the circular dichroism?,3
of molecules that are large compared to the wave-
length of light has shown that new effects can
occur for macromolecules. In particular, the
preferential scattering of circularly polarized
light, an optical phenomenon related to circular
dichroism, can be used to characterize large
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Figure 2. Proposed structures of
self-complementary dimer:NQO 2:1 complexes.
(a) (dpCpG)n:NQD; (b) (dpGpC),:NQO;
(c) {dpTpA)>:NQO; (d) (dpApT)>:NQO. Only base
atoms (excluding hydrogens) are shown for the
dimers. Bottom base pair (0--0); top base pair
(o o0); NOO (e ). These are approximate
representations of the complex structures.
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helices.® These methods should be useful in
characterizing the DNA in chromosomes, viruses,
and cells.
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Acids and Their Aggregates, Ann. Revs. Biophys.
Bicengineering 9, 107 (1980).



Abstracts

1. CONFORMATIONS OF DINUCLEOQSIDE PHOSPHATES IN

A EOLS SOLUTION
Ihe-Hyng Lee, 1110t Charney and lgnacie
Tinoen, Jr,

Erochemistry 18, 5636-5641 (1979)

The conformat g ot Jingclepside phosphates
have been re-examined hy semi-empirical potential
encrqy calculations.  Conformations I, IT and I11,
proposed by Lee and Tinoco (1977), are possihle
species after refinement of their structures by
potentral energy minirization., These three
canformers can represent three types of dinucle-
aoside phosphate species in solution. Dhingra
et al. (1978 nas concluded that conformations of
type 1L and 1! were unlikely or impossible. They
favored conformations 97q~ (equivalent to 1),
a*q*, ¢'t wid tq*; the last three conformations
have 1-t¢’w stacking and are calculated to be
energet scatly less favorable by more than 5

heal/moie,  Common structures of the types [, 11
and I11 are found for dinuclieoside phosphates with
different purine-pyrimidine sequence. The

sequence-Jdependence of the potential energy of
these three conformers has been calculated. The
mperimenty] NMR data of dinucleoside phosphates
are consistent with these three conformations,

7. FLUORESCEN'T DETECTED CIRCULAR DICHROISM OF
DINUCLEQSTDE PHOSPHATES., A STUDY OF SOLUTION
CONFORMAT IONS AND THE TWO-STATE MODEL

Charles Reich and Ignacia Tinoco, Jr.
Biochemistry 19, $33 (1980)

Three fluorescent dinucleoside phosphates
containing 1,N®- cthenoadenosine {eA),
rApeA, uApxC, and cAjU were studied using
fluorescence detected circular dichroism (FDCD),
circular dichroism (CB) and absorption measure-
ments. The FDCD data indicate that zAch and cApU
can be described as two-state systems consisting
of a fluorescent species and a stacked, non-
fluorescent species. Thermodynamic stacking
parameters are calculated for these molecules
using the van't Hoff equation. eAjeA is found
to be a more complicated system w1Eh a fluorescent
CD which is different in shape, but comparable in
magnitude, to the conventiona® CD of the dimer.
This molecule, unlike the othar two dinucleoside
phosphates, cannot be characterized as a two-state
system; it is described as consisting of at least
three states at temperatures above 35°C.

The CD datz were subjected to a linear analysis
in order to determine the minimum number of states
present. In agreement with the FDCD data, eApeC
and €Ayl are found to consist of a minimum of two
states, while eAjeA is indicated to have at
Teast three. The more complicated behavior of the
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J. Chem. Phys. 82,

Tatter dimer as alse indicated by the values of the
unstacked CD ohtained in the van't Hoff analysis,

3. INTERACTIONS OF 4-NITROQUINOULIND 1-0XIDE WITH
DEOXYRIBODINUCLEOTIDES

Stephen A, Vinkle and lgnacto Tinoco, Jr.

Biochemistry 18, 3833 (1979)

The interactions of 4-nitroquinoline l-oxide
(NQO), a potent mutagen and carcinogen, with
several self-and non-self-complementary deoxydi-
nucleotides were probed by using absorption
fgectra of the charge transfer bands and 'H and

C NMR spectra. Absorption spectra were ana-
lyzed by using Benesi-Hildebrand-type equations to
yicld stoichiometries and equilibrium constants of
complex formation. Non-self-complementary
dimers form weak 1:1 complexes [depG:NQO‘E(?S°C)

= 22 M‘l] while self-complementary dJimers form
strong 7:1 complexes [(dpCpG)p:NQO,K(25°C) = 2.2
x 109°M-7]. A mixture of depG and dpCpA with

NQO gives_ a 2:1 complex [dpTpG:NQO:dpCpA,K(25°C) =
3.6 x 103 m? Analyses of the changes in

13C and M NMR chemical shifts with complex
formation gave approximate orientations for the
intercalation of NQO with self- comp)omentary dimer
minihelixes, In the (dpCpGl;:NQO and (dpGpC),:NQO
complexes, the NO» yroup of gQO probably lies

in the major qroove and the NOp, NO containing

RQO ring is stacked near the purine imidazole
ring. In the (dpTpA),:NQO and (dpApT) NQO
complexes, the NO, seoms to project into the

minor groove and the NQO benzenoid 1ing is cver
the purine imidazole ring.

4. CIRCULAR DICHROISM OF LARGE MOLECULES
fgnacio Tinnco, Jdr.

J. Quantum Chem, 16, 111-117 {1979)

The circular dichroism of molecules that are
large compared to the waveleitgth of Tight is
considered. Explicit expressions are obtained
for the circular dichroism and absorption of an
exciton dimer and of a free particle on a helix.
The dimensions are described for which the dipole
approximation for the optical properties fails.

5. THE CIRCULAR DICHROISM OF LARGE HELICES, A
FREE PARTICLE ON A HELIX.

Dexter Moore and Ignacio Tinoco, Jr.

3396 (1980)

Equations are derived for the circular dichro-

ism and optical rotation of light by a free
electron on a helix which is of arbitrary size



relative to the wavrlength of “ght,  The eqoa-
tions were found to give resalty an good
agreement with measurad rotatior of microwaves by

oriented wire helices,  The forizatinn o hows whio
the usual Rosenfeld approximatinn for opti-al

activity becomes 'nadequdte

6. THE OPTICAL ACTIVITY OF NUCLEIC ACIDS AND

THEIR AGGREGATE"
Ignacio Tinoco, Jr., Carlos Bustamente and
Marcos F. Maestre
Ann. Rev. Biophys. Braengineering 9, 107 (19803
This review includes sxperamental and theo-
retical work on absorption and scattering of liqght
by chiral marromoleculrs; experimental applica-
tions are limited to nucleic acids. Theoretical
methods that relate the absorption and circular
dichroism of a polymer or aggregate to the optical
properties of its constituent parts are dis-
cussed. A new experimental method, one that may
become increasingly important in characterizing
chiral systems, is the circular intensity dif-
ferential of <srattered light. The preferential
scattering of right or left circularly polarized
Tight by chiral systems is discussed in terms of a
simple, mode] helix.

CIRCULAR DICHROISM AND FLUORFSCENCE DETECTED
CIRCULAR GICHROISM OF MACROMOLECULES

I. Tinoco, Jr.

Optical Activaty and Chiral Discrimination,
Stephen F. Mason, ed. {0. Roldnl Publishing Cn,
Dordrecht, Hnl!and, 1979), 57-85

Experimental and theoretical methods that are
pertinent mainly to polymers and macromolecules
are discussed., The optical properties of polymers
are determined by the interactions between two or
more similar chromophores, Therefore, to cal-
culate the circular dichroism of a polymer we need
the properties of the individual chromophores (the
manomers) and we need Lo evaluate their inter-
actions. The crucial assumptinn that has been
made in calculations of circular dichroism of
polymers is that electrons are localized in each
chromophore. ELach chromophore is represented by a
charge distribution which interacts with the other
chromophores in the presence of the light. Any
electron exchange or electron transfer between
chromophures is assumed to have a negligible
effect on the circular dichroism, Calculations of
circular dicroism of ploypeptides and polynu-
cleotides have been reasonably successful using
these methods.

CIRCULAR DICHROISM OF POLYMERS; THEORY AND PRACTICE

Ianacio Tinoco, Jr.

Optically Active Polymers,
{D. Reide1 Publishing Co.,
(1979), pp. 1-13

Eric Selegny, ed.
Dordrecht, Holland,
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A pew method that o more wpesfac than
circglar dichroram gy fliogrescen. e detected
circular dichratsm “FOTE L e thyy method the
intenaity of Tight emitted hy a fluprescent chro-
mophare excited by laft and raght circularly
polarized Dight s usid ta measure the rircylar
dichraism,  The FDCD method thus gives information
aboyt the conformation ~f 3 polymer in the

immed rate ne ighborhoed of flyarescent aroups,

Phenomena related to circglar dichroism which
may be useful for st udving confarmations in poly-
mers gre the circular antensity differentral (CI1D)
far scattered light, The difference in scattered
intensity is measured for left and right cir-
cularly polarized incident light, At this time
these effects have only heen reported for small
molecules.  In principle, however, they may be
very useful for the study of polymers,

KINETICS AND THERMODYNAMICS OF [WBLE STRAND
FORMATION IN SELECTED DEOXYOU IGONUCLEOTIDES

Adrienne [, Drobnies

Ph.0. Thesis, University of California, Berkeley,
September, 1979

The thermodynamics and relaxation kinetics for
the double strand-single strand transition in
three deoxyoligonucleot ide double helices was
investigated. The aAM°7 A4S° for double helix
formation and the rate constants for helix
association and dissociation were weasured for
dATGCAT, dAj 30CT3, and dAg + de in an effort to
compare DNA double helices with similar RNA
helices.

From the variation of melting temperature for
each oligomer with strand concentration, the aH’ N
aS" for helix formation are:

AH® ASe

(kcal/mol) (1cal/mol deg)
A3GCT -36 -0.100
ATGCA -48 -0.147
dAg + dTg -39 -0.115

No trends in these parameters due to base sequence
or helix length were observed; however, from a
calculation of the free energies for helix for-
mation, it can be seen that double-strand forma-
tion is less favored for each ONA oligomer than
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comparatie RNAS in the case of the two oligomers
contarning GO base parrs.  The association is an
of mannrtude faster for dAg ¢ dTg than for

wha e N
Az ria.

Order

in cantrast to RNA oligomers where those with
GC base parrs have positive aclivation energies
for associa*t.on and those with only AU base pairs
have negative activation energies, the denxyoli-
gomers all have small negative activation
energies for helix association,

This 1s indicative of a mechanistic change
tetween ONA and RNA double strand “ormation. The
formation ~f one GC base pair is rate-limiting in
RNA oligomer association. If no GC base pairs
are possible, the formation of a third AU base
pair is rate-limiting. In DNA, helix propagation
is favored after the formation of two adjacent
base pairs. Dissociation activation eitergies are
similar for both DNA and RNA helices.

CONFORMATION STUDIES OF 13 TRINUCLEOSIDE
DIPHOSPHATES BY 360 MHz SPECTROSCOPY. A BULGED
BASE CONFORMATION. 1. BASE PROTONS AND HI'
PROTONS

Che-Hung Lee and Ignacio Tinoco, Jr.

Biophys. Chem., 11, 283 (1980)

The 360 MHz NMR spectra of the base protons
and the Hl' protons of thirteen trinucleoside
diphosphates have been analyzed. The seaquences
chosen represent all purine-pyrimidine
sequences. The chemical shifts of the base
protons give evidence for strong
next-nearest-neighbor effects in some
oligonucleotides. Although increasing chain
length usually increases nearest-neighbor base-
base stacking, it is not always so. Comparing
ApCpG, ApUpG and GpUpG to their component dimers,
one finds a decrease in stacking of the center
pyrimidine with the purine on either side. The
coupling constants J1'2' also show that these
three trimers show less stacking for their
terminal residues than expected from their
component dimers. We conclude that the sequence
Pu-Py-Puy favors a conformation in which the pyri-
midine is bulged out and the two purines stack on
each other.
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!'nr charge transter tands (creca 395-310 nm)
Lhoand 40 o tear magnetc resenance {NMRY
spectra of NQU-ng Teae actd mictgres, Absorption
spectra tor the mopomer -NQOY and gimer-NQO systems
were analyzed suing Henesi-caldeorand type
equatronys to yiel ot sichrametries and equilib-
riam o constants of complex formatron,  The
pqm]!‘wmm constants for the tormation of the

Lang

0l |'1Ynumw':N1j(‘ complexes gt SO0 (K{dpGINQOY -
]bM . R {dpAcNQO 1M R dpTNDDY -
K(dpC:NQUY - 3 M gt the preference of
NQO for the goanine residue 1noa DNA. This s in

agreement with the data of (kano, T, et al.
[{1969) %ann 60, 95]. Non-self-complementary
dimers torm weak 1:1 comple-es {dpTpG:NQO, K(25°)
= 7 M"l) while selt-compiementary dimers form
strong 221 complexes (dplpGyiNQO, K(25°C)

= 2.2x108 My . A mixture of dpTpG and dpCpA
with NQO q1\<\ a “201" complex (dpTpG:NQO:dpCpA,
K(25°C) 8.6x103 M=7). The dinucleotides
capable nf torming DNA-1ike minihelices gave
simila 5 valunx of & for NQO complex formation.
From and Ty NMR data, 1t is proposed that

in the dpG.NuO complex the (NO»), (NO) con-
taining NQO 1y stacked over the quanine imidazole
ring while in the dpG:NOQ complex the NQO ben-
zenoid ring is aver the adonlnu 1m1?azole ring.
Analyses of the changes in 13¢ ang IH NMR
chemical shifts with complex formation for dimer-
NQO mixtures gave approximate orientations for
the intercalation of NQO with self-complementary
dimer minihelices. [In the (dpCpG),:NQO and
(dpGpC)»:NQO complexes, the (NO,) group of

NQO probably lies in the major groove and the
(NO»), (NO) containing NQO ring is stacked near
the purine imidazole ring. In the (dpTpA);:NQO
and (dpApT);:NQD complexes, the (NOp) seems

to project 1nlo the minor groove and the NQO ben-
zenoid ring is over the purine imidazole ring.

Irradiation of NQO-polynucleotide (poly(rA),
poly(rU), poly(rC)) mixtures and NQD-DNA mixtures
using either a Hq lamp source {340-420 nm) or a
dye laser (400-415 nm) produced photoadducts.
With the polymers, poly(rC) gave the greatest
number of adducts per residue. Poly(rC)} and DNA
also reacted with NQO in the dark. A dpC-NQO
photo-adduct was produced.

DNA-NQO equiltibria were studied using analyses
of the complex absorption bands (415 nm) and
using the phase partition technique. Two NQO
molecules bind strongly and cooperatively to a
small number of sites on the DNA. The equilib-
rium constants and b1nglng ratios at 25°C
ranged from 4,3x10% M- and 100 base pairs
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The Jocation and trequency ot Kia crossiines
induced by phatureactron of hydroxymethyltr -
methylpsoralen with St o Escherichia coll rminose-
mal subunits have been determined by »lertron
microscopy. At least weoven distinct crosslinks
between reqions distant in the Io S yRNx orimary
structure e seen 1n the inaclive conformation of
the 30 S particle. All correspond to crosslinked
features seen whena the free 16 S rRNA is freated
with hydroxymethyltrimethylpsoralen. The most
frequentl, observed crossiink occurs between resi-
dues near one end of the molecule and residues
about 600 nucleotides away to generate a loop of

48

n . '
. .
N TN
" ' et Pl
. At w0 har
s e, e
. PERTRTEE TN
, . e Lo ' 'Z: wh'oh
) . .o : o vy Wit ot
. o o v e
: gt T Lol woln RNaye
. . . . Lt
, P P R herlat, the
L N T N O
‘ Al r ' . RIS T
o . i GO et e R KA
@ orentat o ot this feg-
Lo [ Cercespongy to tne oross hinked
Ceate bt U dne s oend ot dree 1o S rRNA,

particies are crosslinked in
the seven tedtures seen in the
caticle can stall he detectea.
However e tooquency of several of the features,
and parti iy Lhe h7-base ieop feature, is
Jeamat oty decreaseds This suggests that the
pong=c e o onta ts tndt fead to these c¢rosslinks
e ea e it ar ngicessible in the active
contertatien, ey linkang results in some loss
af functiy il wtivities of the 3008 particle.
This o~ consistent witn the notion thdt the pres-
ence ot the crosstink that generates the 570-base
Toop Lraps the subunit in an inactive form, which
cannat associate with 50 § partictes.
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The arrangement ot the interacting regions
crosslinked by hydroxymethyitrimethylpsoralen sug-
gests that the ANA may be organized into three
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cinked, These base-patring interactions between
restiues distant an the pramary structure appear
e he prominest toatyres ot the secondary struc-

cure ot cRNA In sotutvan,

DETERMINING THE PDLARITY DF THL MAP OF CROUSSLINKED
INTEKACTIONS Ih Cscherichia coli 16 S RIBOSOMAL KNA

ai donn e Latherine

Squires, and (raig Squires

LIV N ERIPATTIN tedr 5Ly

J. Mol. Biol. 135, 285-291 {1979)

Hydroxymethyltrimsthyipsoralen crosslinked 15 5
rRNA from Escherichia coli has been R loop hybrid-
ized to twp plasmid DNAS containing different
sections of the 16 S ribosomal gene. [t is
possible to identify crossiinked features in the
part of the RNA that is not complementary ta the
DNA. Crosslinked features can be aligned into a
relative map of interactions. Crosslinked loops
that correspond tu features lacated, originally
arbitrarily, in the left partl of this map are seen
1n the 5' half of the 16 S rRNA in one hybrid and
Joops that correspond to features in the right
part of the map are seen in the 3' two-thirds of
the 16 S rRNA in the other hybrid. These results
confirm the relative orientations of the cross-
linked loops and establish that the left end of
the map corresponds to the 5' end of the malecule.
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BINDING UF ' -AMINUNE Tey . &0 n- TRMETHY

POORALEN TU DNAL ’NAL ARG PRUTE N DN Hela o bo s

AND DROSUPHI A Vi

Sune Frederissen gt Jdohn oo rearst

Frochim, BlupnynA AcLy, 10 puess

I Orasaphnte cells and meta veldls Ureated with
d-aminomethy ] traoasalen andg altraviolet Tight,
this compount binds cavalently te DNA and RNA,

The maximum number ot malecyles bound to 16

base pairs e UNA s 6 and an RNA 1t s 00 In
nuclei treated Dikewise the number of molecules
bound to 102 bave parrs an DNA can Le as high as
376, When cell are arradiated 13 the frozen
state the number ot 3 -aminomethyl triorsdlen
molecules bound per 14372 base pairs an ONA s

Cat e alnd oo aNA oG Ll

DNA moleculns trom cells or nucler Lreated with
At-aminomethy! trioxsalen and ultraviolet Tight
are highly crosslinked ana appear as loops inter-
spersed by double-stranded regions when analyzed
in the electron microscope vnder denaturing condi-
tions.  The loop sizes are heterugeneous and the
fraction of double-stranded regions increases to
almost complete double-strandedness at high
degrees of reaction,

No secondary structures could pe found in ribo-
somal RNA from Drosophila cells or Hela cells
after treatment with 4'-aminomecthyl trioxsalen and
ultraviclet light.

In cells treated with 4'-aminomethy) trioxsalen
and ultraviolet light tke RNAase activit, is
increased cansiderably, suggesting a release of
lysosomal enzymes.

4'-aminomethyl trioxsalen and its photodecompo-
sition products bind strongly to cellular proteins.
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MOLECULAR BIOLOGY OF NERVE CELL
FUNCTION: RESPONSE OF THE NERVOUS SYSTEM TO
ENVIRONMENT AND CHEMICAL STIMULI

{dward [ Bennen

e Cor A e ey ciher oy e
[ R T S I M A L
T e ealo b upn
cber, The armvesti-
PO, g ol thelr ety g
Thpwe tant o ;)10\!“pt\m_1 i
Ut oangramnent ourot e
Yontereste Aocommon theme ot
roreces U s the nearal bases
,oang tagrr relations to

Tulet reveplons tor neureteansmiiter s

P, Ll oty 3 ey re e 1 pany bilodogicad
T i O ease s weprotransmytters reant
art the gppropraste vecpeptar At Lhe syndpse with
res Uit Dnange o asnac permegbi)ity. Knowl-
forne antera tien ot negrotransmitters with
ceceptars o esent 1yl forous to understang
chanaes 3 synapti o tuncotign assgorated with neu-
renal Jamage fron enviranmental factors. Changes
Wt cynaptyr function may be one mechanism of
plasticity amportant for Tong-term memory form-
ition, ne obgectrve of this research project s
oo cluctdate furdamental properties of one or more
sy tin receptors with the ultimate aim ot defin-
SUracture=function relationship of recep-
tors g thesr 2nscecated neurotransmitters. Our
1iT s Lo characteriZze biochemice™ and biophysical
properties of the nicotinic-ltice  etylcholine
veceptor (rACHR) from the mammals central ner-
W00 Bysiem,

A number of factors have contributed to our
fucus on the acetylcholine receptor. These
include the xey role that the acetylsnoline system
plays in the central nervous system, ad the
sgvyilability of the unigee ligands de- ved from
snake venoms which bind to the nmicotin. . acetyl-
choline receptor with high specificity. Our
strategy is to compare the interaction of selected
1o4ins derived from several venomous snakes with
the putative acetylcholine receptor from mammatlian
brain and nther sources. The a-toxins of inter-
est are purified by chromatographic methods from
the crude venoms and radiolabeled. The influence
of selected agonists, antagonists, and affinity
reagents for the acetylcholine receptor on toxin
binding is determined using receptor from rat

This work was supported by the Division of General
Life Scicnces, Office of Basic Sciences, U.S.
Department of Energy, under Contract

No. W-7405-ENG-48.
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tave todes that negroteansaatyer o amd nem omodpta-

tors, macromolecalen (sucn as KEA, pratesn, and
carbohydrate s and yeonal teanspor U play an memory
tormation, gt stadies bave toogaed on lang-term

memory tormit ron, s imy o anthanye o, ait et tective
bty of proboan synthesas ooand g o variety of
caperament al oparadigms, results are consistent
viith the anterpretation that prolein synthesis
durng the period ameediately tollowing traning
veoessent il tor Jong-termomemory. Numerous
drage, acting by hitterent mechanisms, can modu-
fate the tormation ot long-term memir y ot Lhe same
Ui thal the neces, oy synthosis ot prolen oc-
curs, U1 speaial significdance is Lhe shservation
thal colenioame, an combinatl ton with anisomycing
vsoan vt Live ainestic agent,  The anterpreta-
tion s tnat the synthests and subsequent Lrans-
port of proteins from the nucleus to the axonal
and dendratic endings s necessary for long-term
memory formation.  However, it has been objected
that the blead-brain barrier 1y generally helieved
to be impermeable to colchicine. Our recent
studies have shown that extremely small amounls do
appear to penetrale the blood-brain barrier,
Future experiments will attempt to delermine if
these smgtl amounts of colchicine can indeed
modify axonal transport. Other experiments are
planned to investigate the time parameters of
short~ and intermediate-term memory formation in
rodents, 8-10

ity, tnvironmental
inges

3. Evolutior of Brain Plasti
I Bramn

Measuratle biochemical and anatomical! changes
can be demonstrated in brain as a result of expo-
sure to various degrees of environmental stimula-
tion. This plasticity of brain may be an impor-
tant factor that is related to the ability of a
species to respond to environmental changes
including those which are stressful. In a series
of experiments, we and others have shown that the
brain of lYaboratory rodents responds to formal
training and differential experience by increasing
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Cerebral plasticity s
In the enriycned
Taboratory-raised squirrels wxhibit many

Fiqure 1. being studied
the Belding's Ground Squirrel,
condition,
behaviors tn the field,

ceen (LBB A0b-7713"

weanhl and thickness of the cerebral corlex, the
KYAZDNA ratio ot cortical Lissue, branching ot
dendrites, aumbers of dendrate spines gnd «oge
and/or density of syrantic contacts B Lol e
have demonstrated that Tearning 15 a main cause ot
cerebral eitects. We sre now extending these
investigations of the cercbral etfects nf difter
ential environments from the laboratory rodent to
severdl feral species, tncluding Lhe qground
squirrel (Fiqure 1). Preliminary rewults andicate
that juvenile Belding's Ground Squirrels develop
differences in brain we:ghts and nucleic acids
rather like those previously found an Taboratory
rats. A related area of study concerns the brain
changes that occur during hibernation. Juvenile
squirrels that remained awake during the winter
gained in both brain and body weight, while those
that were placed in a cold room and went into
hibernation maintained brain weight and lost body
weight.

4. Effects of Brain Damage on Brain Biochemical

and Anatomical Measures, on Behavior, and on

Recovery of Function

Environmental factors are a frequent cause of
brain damage, [t is important to understand the
long term effect of brain damage an bv:in composi-
rion and tunction, as well as factors which may
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Abstracts

L. EFFECTs OF THIOL MODIFICATION AND CA** ON
AGONIST-SPECIFIC STATE TRANSITIONS OF NICOTINIC
ACETYLCHOLINE RECEPTOR FROM TOi.PEDQ CAL IFORN,7A
LLECTROPLAXK - 0 ’

Jeffrey V. Milier, Ronald J. Lukas and Edward L.
Bennett

Life Sciences 24, 1893-1900 {1979)

The agonist binding affinity of nicotinic
acetylcholine receptor (nAChR) from Turpedo
californica eleciroplax, as inferred from ability
of agonist to inhibit specific curaremimetic
neurotoxin binding to nAChR, is sensitive to the
duration of exposure to agonist. The concentra-
tion of carbachol necessary to prevent one-half of
toxin binding over a 30 min incubation with nAChR
(K3g) is 10 uM when toxin and carbacho!l are
simultaneously added to membrane-bound nAChR, and
3 uM when nAChR are pretreated with carbachol for
30 min prior to the addition of toxin. These
alterations in agonist affinity may be mimicked by
modification of nAChR thiol groups. Affinity of
nAChR for carbachol is decreased following treat-
ment with dithiothreitol (DTT). Dithio-bisnitro-
benzoic acid treatment of DTT-reduced membranes
yields K3g values of 5 uM for carbachol, while
N-ethylmaleimide treatment of DTT-reduced nAChR
produces nAChR with reduced affinity for carba-
chol, reflected in K}Q values of about 400 M,

In the absence of Ca™*, K3g values for carba-
chol binding to native and DTT-reduced nAChR are

¢
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drmimished -0 fohd. These attanity alterations
are nol observed with d-Lubocurarine {antagonist)
binding to nAChR. Thus, Ca** and the oxidalion
state of nAChK thiols appear to affect the affin-
ity of nAChR for agonists (bul not antagonists),
andg may therefore be related to agomist-mediated
events in receplor activation gnd/or
desensitization,

2. EFFECTS OF THIU-GROUP MODIFICATION AND CAZ*
ON AGONIST-SPECIFIC STATE TRANSITIONS OF A CENTRAL
NICOTINIC ACETYLCHOLINE RECEPTOR

Ronaid J. Lukas, Hiromi Morimoto, and Edward L.
Bennett

Biochemistry 18, 2384-2395 (1979).

Agonist-binding affinities of central nervous
system nicotinic acetylcholine receptors (nAcChR)
are sensitive to the duration of exposure to
agonist. These agonist-induced changes in recep-
tor state may be mimicked by appropriate modifica-
tion of receptor thio groups and/or by manipula-
tion gf solvent ionic composition. In the absence
of Caé*, the concentration of acetylcholine
gAcCh) necessary to prevent half of specific

H-labeled a-bungarotoxin binding is~1 mM for
nAcChR treated with dithiothreitol (DDT) or DDT-N-
ethylmaleimide (low-affinity states) and~40 M~
for nAcChR treated with DTT7-5,5'-dithiabis
(2-nitrobenzoic acid) or for native nAcChR pre-
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4, INTERACTION UF NICOTINIL RECLPTUR APPINLTY
REAGENTS WITH UFNTRAL “CRVOLN SYSTEM
2~-BUNGAROTOXIN BINDIK. - "77 1

Ronald J. fonnett

LuKas and Lawarg .

Molecular Fharmacology ldsu), 17, 149-155 (198G}
Membrane-bound x-bungdarotoxin-binding enlities
derived from rat brain are found to intersct speci-
fically with the affinity reagents malcimidohen-
zyltrimethylamnonium (MBTA) and bromoacetlylicholine
(BAC), originally designed to label nicotinic
acetylcholine receptors from electroplax and skel-
etal muscle. Following treatment of membranes
with dithiothreitol, all specific texin binding
sites are irreversibly blocked by reaction with
MBTA or BAC. Affinity reagent labeling of dithio-
threitol-reduced membranes is prevented (toxin
binding sites are not blocked) by prior alkylation
with N-ethylmaleimide, by prior oxidation with
dithio-bis-(2-nitrobenzoic acid), or by incubatiun
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SPCE TR, e Do Lhe presenice ot cholin-
Crgle detsaty Taken togetbher ) the results of

sulthy Byl dradt el nodrficatan and reactivity
studies are consistent with involvement of
a-Lungaretoan drading $i1te sulfhydreyls/disulfides
noattainity state transitions, which are tenta-
tively corvelated witn physinlogical activation
amd/or desensitizatyon ot funclional central nery-
nis system nicotinie acelylcholine receptors,

LULAL ANESTHETICS ON (HOLINERGIC
CENTRAL NERVOUS SYSTEM

o BRRLCTS 0F
SeUNTs T BENDI NG AFFINITY O
- BUNGAROTUXIN RECEPTURS

Bennett

Konald J. Lukas and Ldward L.

FEBS Letters 108, 306-358 (1979).

It was suggested that 1f central nervous system
a-bungarutoxin receptors are true nicotinic
acetylcholine receptors coupled to jon channels,
local anesthetics might be expected to cause bio-
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chemicaily measurable increases 1n a-bungarotoxin
receptor affinyty for cholinergic agonists. The
rate of transformation of a-bungarotoxin receptor
10 the high-affinity state was found to be acceler-
ated after the toxin receptor had been treated
with local anesthetics at low concentration. It
was, therefore, concluded that the a-bungarotoxin
receptor 1n rat brain as coupled 1o an entity that
possesses sites for high affinity 1nteraction with
‘ocal anesthetics, and that lpca)l anesthetic occu-
pation of those sites influences a-bungarotoxin
affainity for cholinergic agonists. The impli-
cation 1s that the (NS a-bungarotoxin receptor-
ocal anesthetic binding site complex is a physio-
lua1cally functional 1on-conductance regulator,
which displays the pharmacological specificity of
ar acetylcholine receptor-ionopiore complex.

7. UONFORMATION OF THE NEUROTOXIN CROTOXIN
CUMPLEX AND ITS SUBUNITS

Mirtiael R. Hanley

Cratoxin, the neurotoxin from Crotalus durissus
terrificus venom, and its two subunits, crotoxin A
and crotoxi1n B, have been examined by fluorescence
and circular dichroism techniques. Model spectra
of crotoxin, generated from the expected contribu-
tions of the individual subunits, agreed with
vapermental results only at pH 2, where crotoxin
was fully dissociated. From pH 4 to 10, crotoxin
spectra ceuld not be simulated by subunit contri-
butions, Comparison of the results at pH values
favoring either association or dissociation indi-
cated that complex formation was accompanied by
(1).a 70% decrease in fluorescent emission
intensity and a 7-nm blue shift of the emission
maximum, (2) an increase in the far-ultraviolet
circular dichroism, and (3) a marked intensity
enhancement of the near-ultraviolet circular
dichroism spectrum.

These observations were taken as evidence that
tryptophan residues were masked by complex forma-
tion and that the crotoxin complex contained an
increased proportion of ordered secondary struc-
ture, particularly B sheets. The results did
not distinguish between conformational changes
with subunit interaction or creation of ordered
structure only at the subunit binding interface.
Structural flexibility of the subunits was sug-
gested from their ability to undergo reversible
state changes by exposure to acid pH or guanidine
hydrochloride. Examination of the concentration
dependence of guanidine hydrochloride denaturation
indicated that complex formation gave increased
stability, although the subunits were individually
quite resistant to guanidine hydrochloride dena-
turation. It is concluded that the ability of
crotoxin and its subunits to exist in several
reversible states is related to the control of the
association-dissociation eguilibrium of the
complex and that conformational interconversion
may be necessary for crotoxin to act on different
target membranes.
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B, BRAIN PLASTICITY, MEMORY, AND AGING

Edward L. Bennett and Mark R. Rosenzweiyg

Physiology and tell Biology of Aging, A. Cherkin,
C. E. Finch, N. Kharasch, T. Makinodan, F. L.
Scott and 8. S. Strehler, eds. (Raven Press, New

York, 1979, pp. 141-150

It 1s generally assumed that memory faculties
decline with age. A discussion of the relation-
ship of memory and aging and the possibility of
retarding the potential decline 1s hampered by ihe
fact that no satisfactory explanation of memory is
avatlable 1n erther molecular or anatomical terms.

This paper raports experiments that indicate
that protein synthesis and anatomical changes may
be involved n long-term memory storage. Environ-
mental influences car produce quantitative differ-
ences in brain anatomy and in behavior. In
experimental animals, enriched environments lead
to more complex anatomical patterns than do colony
or impoverished environments. This raises funda-
mental questions about the a' juacy of the iso-
lated animal, which is fre;. ntly being used as a
model for research on aging. A more important
applied question is the role of social and intel-
lectual stimulation 'n influencing aging of the
human brain,

9. INHIBITION OF CEREBRAL PROTEIN SYNTHESIS:
DISSOCIATION OF NONSPECIFIC EFFECTS AND AMNESIC
EFFECTS

Hasker P. Davis, M. R. Rosenzweig, Edward L.
Bennett, and Larry R. Squire

Behavioral and Neural Biology 28, 99-104 (1980)

Injection of 210 mg/kg of anisomycin 5 hr prior
to training produced more nonspecific behavioral
side effects at the time of training than did a
low dosage (30 mg/kg) given 20 min prior to train-
ing. Yet the low dosage 20 min pre-training
produced greater protein synthesis inhibition at
training and greater impairment of retention of
passive avoidance training than did the high
dosage 5 hr pre-training. These results demon-
strate that the level of protein synthesis inhi-
bition at or near the time of training is the
critical factor for inducing amnesia, and not
nonspecific side effects of a protein synthesis
inhibiting drug. Various alternative hypotheses
would also predict greater amnesia after the high
dosage of anisomycin given 5 hr prior to training
than after the amnestic low dose given 20 min
prior to training. Thus, these results provide
further support for the hypothesis that brain
protein synthesis is required for lorg-! -rm memory
formation.



10. ROLE OF NEURQTRANSMITTERS ANO PROTE(N
SYNTHESIS IN SHORT- AND LONG-TERM MEMORY

Edward L. Bennett, Mark R. Rosenzweig, and
James F. Floond

Proceedings of the Second world Congress of Bio-
logical Psychiatry, 8arcelona, 1975. In: 810-
'agrcal Psychiatry Today, P. Obiols, C. 8alTds,
F 7 GonzaTes MoncTys, and J. Pujol, eds. Elsevier/

North Hoilwd Bromedical Press, Amsterdam (1979
pp. 211-. . 1.

Anisamycin 15 an effective 1nhibitor of cere-
bral protein synthesis 1nomice and 1s also an
effective amnestic agent for both passive and
active behavioral tasks. From use of amisomycin
in combinattion with o variety of stwmelant ard
depressant drugs, we con. lude that the level of
arousal follewing acquisition plays an wmportant
role 1n determining the duration and the rate of
the biosynthetic phase of memory formation. While
we have interpretled the experiments with aniso-
myc1n as evidence for an essential role of protein
in memory storage, others have suggested that side
effects of inhibitors of protein synthesis on
catecholamine metabolism are the main cause of
amnesia. Several experiments were therefore done
to compare the effects of anisomycin and catecho-
lamine 1nhibitors on memory. We conclude that
anisomycin's principal amnestic mechanism does not
involve inhibition of the catecholamine system.
Tne results strengthen our conclusion that protein
synthesis is an essential component for long-term
memory trace formation. Also, it is suggested
that proteins synthesized in the neuronal cell
body are used, in conjunction with other mole-
cules, to produce permanent and semi-permanent
anatomical changes,

11. MAZE TRAINING ALTERS BRAIN WEIGHTS AND
CORTICAL RNA/DNA RATIONS

Edward L. Bennett, Mark R, Rosenzweig, Hiromi
Morimoto, and Marie Hebert

Behavioral and Neural Biology 26, 1-22 (1979)

In order to test whether training leads to
anatomical and chemical changes in the brain,
individual rats were given self-paced trials in
mazes, traversing the maze in order to get from a
food station to a water station. In 30 days of
this training, during which they had no social
interaction, the rats developed significant
increases in weight and RNA/DNA of standard
samples of cerebral cortex, as compared with
littermate rats in either of two control condi-
tions: (a) rats confined to small individual
cages (N = 70 per condition); (b} rats that
traversed the empty maze box with no maze barriers
present (N = 29 per condition). Whereas the rats
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who faced mare problems decreased average transit
times through the maze on successive trials, the
rats that traversed the empty box Showed no regu-
Tar trend 1in running times dver trials. The
cerebral effects of maze experience versus control
condgitions were simrlar 1n pattern but smaller 1n
maqnitude than effects of experience 1n a socral
group 1n a myltisensory complex environment, This
clear evidence of cerebral changes as cnnsequences
of maze training adds further support to tre
indications that similar cerebral! changes result-
Ing “rom enriched experience are due to learning
rather than to other factors . The changes that
follow training or enriched experience can be
Tinked with other eyiience concerning the roles of
RNA and of protein syrthesis in Lhe farmation of
long-term memory traces.

12, HOW PUASTID IS Tk NERVOUS SYSTEM?

Mara R. Rosenzwery and Edward L. 8ennett

A Lomprehensive tandboow of Behavioral Medicine,

Vol. 2, N. Taylor and J. Ferguson, eds. (Spectrum
Publishers, 1980}, 1n press

This review 1s intended to be partly specula-
tive. Besides reviewing research, extrapolations
are made. Some of these extrapolations are sug-
gestions for further yesearch and others predict
possible applications of current and future
research.

Most of the material in this review comes from
research with animal subjects rather than from
observations on human beings. Most investigators
of neural mechanisms take the use of animal models
largely for granted. Much justification, both
practical and theoretical, can be supplied for
extrapolating from animals to human beings where
brain-behavior relations are concerned, but it is
well to remember that not all such extrapolations
are found to work out.

Some of the main topics and questions con-
sidered are these:

a) To what extent are neural connections
predetermined by neredity and to what extent can
they be altered by postnatal determinants?
Effects of several factors are considered,
including damage to other parts of the system,
sensory deprivation or distorted sensory input,
and training and experience.

b) Can new connections be formed in the adult
mammalian nervous system? [t has been shown in
some brain regions that w':en one input tract to
the region is removed, the endings from other
inputs then sprout and cccupy the vacated synaptic
sites. Changes in neural connections have also
been demonstrated when animals are given enriched
experience or formal training.



Sees recavery of fonilipn after brain
“amage cnyolve formation af new compensatory
connectons or only learning ways of using ’
residual caparities to mane up far the loss:

Although our anowledge of the forms, extent,
an1 himitations ot plasticity 1s stall far from
omplete, we car enyisage possible applications to
Tarny conaitions and prodlems of yndividual and
500117 ampurtance,  Among tnese are the following:
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(a' Erhancing antellectaal abihity, b Prevent-
ing or alleviating some atnds of mental retarda-
tion and some ainds of learming disabrlnties.

(O Alleviating or gelaying senmile decline an
inteilectual atmilvties, (i Promoting recovery of
function after damage to the nervous system,  Much
can he accomplished along these lines by behavior-
al techniques, 1o some cases alore, and an other

cases 1n conjunction with phystalogrcal technigues.
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RADIATION CHEM

TRY AND CHEMICAL EVOLUTION
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vnochemical evolation s 1ngreasing
our understanmiing ot the chemical events that took
place on the prebintic Farth, about 2.5 to 4.5
birllron years ago, events that ultmately led to
the appearance of the first living cells, Most
stientists regard the appearance of [ite ay an
inevatable result of the intrinsic physical and
chemical properties of matter. Recent laboratory
experiments that simulate presumed prebiotic Earth

Kenodroh
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In recent vedrs, collacaration with members of
the L Be Physaos Divssion hgs contributed to our
understandirg of mechanismg which o on the prebio-
Pracal farth, may nave contributed to a selective
wlvantage ot _-amino acids over D-amino acids.-
That collaboration has continued during 1979 by
prelimingry experiments designed to show whether
highly polarized, accelerated protons exhibit any
selectivity 1n thewr reactions with (- or 0D-amino
ac1ds.

Cosmological Implications, J. Amer. Chem. So-.
101, 1049 (1979).

*3. R. M., Lemmon and W. A. Bonner, Radio-
racemization of Amino Acids, in QOrigins of Optical
Activity in Nature, D. C. Walker, ed. (Elsevier,
Amsterdam, 1979), pp. 47-52,

*See Abstracts.


http://t1.il
http://1o.nl
http://'llon.1i'
http://tleh.lv
http://Scien.es

.5 n., ¢ R . Fla ANy o~ N o
. Ve . " o PR
- . 2 3 ar nert o T
o . A . - )
Ahstracts
A LRTION i T LT
Ny it
Llean, arar Nathoand
Grenar g Moo
$AdL P hy s LNem, N press s ARG

cnlornde exists 10 tw
Cr-formis o whach s
amhient temperityre, 18 extraordinariiy
nizInNg riliaton, The other | =-
formt, whion exists abuve J3%0, 19 radyation
stable,  The present work shows that radiration
SersItivily increases capitly above CH°C, but
~eaches 1 maamun around b5 well below the - o
S-crystal pnase transation.  This behavior s
correlated with the auset of various rotational
motions that are indicated by recent NMR studies.
We have also found that H atom irradiations of the
A-form, and of the radiation stable choline aohide,
produce as much decompositian as in the x-form,
resull that 15 in accord eith previously published
theories of the mechanism of the w-form's unique
radiolysis.

choding
{'ne

sait

The crar s
crystalitne polymorphs,

present at

sengitive 10

2. THE RADIORACEMIZATION OF [SOVALINE.

COSMOCHEMICAL IMPLICATIONS
William A. Bonner, Neal E. 8lair, and
Richard M. Lemmgn
J. Amer. Chem., Soc. 101, 1049 (1979)

The optically pure D- and L-enantiomers of
isovaline (1), which cannot be racemized by
ordinary chemical mechanisms involving -
hydrogen removal, and which has been isolated 1n
apparently racemic form from the Murchison
meteorite, have been subjected to partial radi-
olysis by the ionizing radiation from a 3000 Ci

Co y-ray source. Both in the anhydrous and
hydrated solid states and as solid sodium or
hydrochloride salts each enantiomer suffered
significant radigracemization of the undestroyed
residue during its partial radiolysis. The sodium
salt of isovaline in 0.1 M aqueous solution suf-
fered extensive radiolysis with relatively small
radiation doses, but showed no detectable radio-
racemization., The significance of these observa-
tions with respect to the primordial enantiomeric
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We have shoan that optically active amino
Aoads, toth s soligs amd an solution, are
ragerizend when exposed to oy radiatinn, Ludnt-
tative values tor this radioracemizattion as a
tunction of 1onizing-radiition dosage have been
abtyined,  These values cast additional doubt on
the validity af the Vester-Ulbricht hypathesy, for
the aragin of optical selectivaty an biomolecules.
it was also found that the radiatron doses to
which meteoritie material has heen exposed in
outer space 1s enough Lo cduse apprectable
racemization of the amino acids.  These findings
render less scoure previous conclusions concerning
the presumed abiogenic origin of meteoritic aming
acids.

AL THL RADIOKRALEMIZATION OF AMINU ACIDS 8Y
fONIZING RADTATION: GLOCHEMICAL ANU COSMOCHLMICAL
[MPLICAT TONS

William A, Bonner, Neal f. Blair, and
Richard M, Lemmon

urigins of Life 9, 279 11979)

A number of optically active amino acids, both
in the solid state and as sodium or hydrochlioride
salts in aqueous solution, have been expos«d to
tonizing radiation from a 3000 Ci °VCo ~ ray
source to see if radioracemization mic . ace *mpany
their well-known radiolysis. y-Ray coses ¢ ng
55-68% radiolysis of solid amino arids typ..s iy
engendered 2-5% racemization, whi e aqueous solu-
tions of the sodium salts of am'no acids which
underwent 53-66% radiglysis showed 5-11% race-
mization., Aming acid hydrri nloride salts in
aqueous solution, on the other hand, showed little
or no radioracemizatior accompanying their radi-
olysis. Both radioly-.s and radioracemization
were roughly proportional to y-ray dose in the



range studied (1-36 x 10 rads). Mechanismy for vatiee L tters ratt gy e

the radioracemization f aming arids in the s5lts Lo wales U ampArat e [k LI L N M
state and as aqueous $57tum salty are disrussen, ANy T, Al L -

and the absence of radioracemization for aqueous RS S he 5001t A
hydrochloride salts 15 rationalized. Isovaline, 1 catine roaTLe L, v nowb sy fan
non-protein amino daci'd which has been 15¢.ateq mige Juroog FERT A B

from the Murchison metenrite | contains no - 9t the nem'y Lmer L
hydrogen atom and 1s tneretore incapable of race- TIZALIOr ave poreted LUt e the e Ce -
mization via the chemicai mechanismy by whioh (nemIstr y o 4nd o osmoonpmiste

ordinary aming ac1ds racemize.  Nevertneissy | 150-
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TRITILM LABELING FOR BIO-MED RESEARCH

Ruchard A [ emmon

Soart e 3 ge e T oar ot whal we em ot
nothe Ttvang cell onas
CenL e trm the e ot radioactive ly- gt led
vy e Lae of tratagm- Tare e
Epoun s has Leen parltoaidriy ampartant, Al
research an dochemistry and biology has pro-
ressed the need has arisen to label compoundas of
roaher sper 1 fac act vty and of ancreasing
ampleaity--for waample, olige-
o tec U des o polypeptties . hormones, PnZymes,  Lgr
aworatory, an concert with the (Be [lepartment of
tryrranmental ealth and Safety, has griadually
eaeioped specal tasiintres for mandling tratram
10 the 11 urae dever. These tacilities have
1irealy proven extremely vatuahle n producing
Tabeled compounas that are not available from
mmerc 1yl ceurses.  The praincipal ways empioyed
for compound libeling are (1) microwave discharge
tabeiing, 00 catalytic trotio-hydrogenation, 3
1Lalytar exchange with T,0, and {4 rep’: oment
*onatogen atoms by T

Coobeme g natawe,

Trioer o ompe N

RIS

Along with the development of the tritium-
Tabeling facility has come a need to better
anderstand the mechanisms by which tratium 15
incorporated into organic compounds. A better
understanding will mean that we can (a) maximize
specific activities, (b) minimize radiation induced
destruction, and {c) control the sites in the
molecule that become labeled.
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The macromave s e Bethod  see Fugare 1Y
o opart ooty pramisang tor the antr oo tion of
tratagr ant ,odnd 1t has been
sicersst il gnet Lo Dabel engymes ) tar o evamp e,
mnalin, The eosential featare of the method s
teopass Tt tie cavity of 3 miorowave
Jenerator wheso the tratigm molec, ey are par -
toally decomponet anta tratigm atens . The-e are
swepl past the sropant target, woch 1 maintained
3t <19n° . Atler an exposure Laime ot about fiv
minutes, the targel s rpmosyed, warmed tooam oont
tempes Atares . ant dosvolye oomnoan appropriate
solvent Tor subseqguent pooitaicdation and radgio-
Joetivity counting procedures,

camp ey ey iy

Aitnougn the procedare 1w saimple and leads to
nigh <pecatic rranactivity Ut/mmole), there are
provlems, ant taese are under anvestigation.,  For
example, we “ave tound that esposure of slyrene to
T atoms des o to labeled styrene, but 1t also pro-
duces po‘ynvrlfdtlon, vinyl sa.uration, and ring
hydrogenation, Other compounds studied as
modets for 7 atom eftects were n-hexane,
heptene-?, benzene, 3-methylhexane, and melhyl-
cyclohexane. Studies have also been carried
out on tritration by the replacement of halogen
atoms with T atoms. These results indicate that
carrier-free tritium-labeled products, includin?
biomacromnlecules, can be produced in this way.

*2. C. T. Peng, W. . Chiu, B, E. Gordon, W. R,
Erwin, and R. M. Lemmon, Dehalogenation and Ring
Saturation by Tritium Atoms, Abstract, American
Chemical Society's 177th National Meeting,
Honoiulu, Hawaii, April 1-6, 1979.

*See Abstracts.
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Abstracts

1. EXCITATION LABELING WITH TRITIUM--STUDIES OF
SIDE REACTIONS WITH MODEL COMPOUNDS

B. E. Gordon, W. R. Erwin, and R. M. Lemmun

ACS National Meeting, Honolulu, Hawaii, April 1-6,
1979

Labeling organic and bio-organic molecules with
tritium atoms produced from T2 in a radio-

The microwave discharge apparatus.
the excited Tp and T atoms are seen in the ceater.
tiquid nitrogen-cooled receptacle below and to the right of the rf generator. T»
admitted from the left through the Tine with the attached vacuum gauge {upper leftd,
circulating pump for the Tp is oul of view at the bottom.

The radiofrequency generator and the glow of
The sample being labeled 1s held in the
Toois
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frequency plasma is a potentially useful tech-
nique. Early work in this field has demonstrated
that side reactions generate undesirable by-
products of extremely high specific activi:y.
Removal of these, while possible with smatll
molecules, poses serious problems with the larye
molecules encountered in biochemical studies.
Therefore we have begun to study the side reac-
tions associated with this type of tritiation in
order to obtain necessary information to ascertain



the surtasiitty of the methos for labeling spe-
Sifre molecains and also to gain anformatron tor
Jevising puritication metheds.  Samples were
exposed at -196°C for five minutes to T atoms
gererated 1n & microwave plasma at 5 Torr To and
16-20 watts, Moded compounds ncluded n-hexane,
heptene-7, benzene, 3-methyl hexane, methy!
cyclohexane, and styrene, After the removal of
exchangeable tritium, the samples were anilyled by
jas ligquyt radochromatagraphy.  Under these
conditions, n-nexane yielded no labeied products;
heptane-" and benzene yrelded saturated traitrated
heptane and cyclohexane, respectively, and
J-methyl hexane and methyl yclnhexane yielded the
labeled substrates. Labeling appeared to be
selective with trithium incorporation heavily
favored by the presence of methyne hydrogen,
Parent compound labeling, except for terthrary
hydrogens, 1y a minor reaction,  Labeling 1s not
Tiumited to tritium atoms from the plasma alone but
may also be caused by long-lived radicals. The
latter camn attack susceptible solvents used to
dissoive the labeled products.

/. DEHALUGENATIUN AND RING SATURATION BY TRITIUM
ATUMS

C. T. Pena, W. H. Chru, B. L. Gordon, W. R. Erwin,

and R. M. Lemiton
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ACY National Meeting, Honolyly, Hawars, aprad

iodnnexane, redocy fonesane, fluorobenzene,
sodobengene . m-bromatolyene, m-jodotoiuene and
cther compounds were briefly treated with tritium
atams . generated by mivrowdve discharge aclivation
ot tratigm qas. The purafied samples were
andlyzed by radiogds chromatography on Carbowax
and SE-30 onlumns asing temperature programming.,
Rafinactivity was measured by proportional count-
ing ot the column eftluent and also by liquid
semntillation countaing of the collected trac-
tions,  SH-Taheled hexane and cyclohexane were
tormed exc Jusively trom radohexane and 1odacyc lo-
hexane, respectively,  Labeled benzene was tormed
trom tluorobenzene and rodobenzene, and labeled
toluens from m-iodatoltuene.  Also formed were
Tabeled cyclohexane from yodobenzene and labeled
methylcyc lohexane from m-bromotoluene and
m-10dotoluene,  Oehalogenatyon and ring saturation
by trithum atoms were apparently etficient under
these conditions, but small amcunts of labeled
halagenated compounds were also tormed.  The
presence of Pd0 . Pd{l0%) charcoal, 1odine and
n-hexane 1n odobenzene during reac.oion allered
the extent of tratium incorporation and the
activity distrabutinn between the labeled prodacts
fcyclohexanc/benzene). These resulty indicate a
mechanism by which carrier-free 3H-Tabeled prod-
ucts, inciuding biomacromolecules, can be produced.
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CHEMICAL CARCINOGENESIS AND THE PHYSIOLOGICAL
STATE OF THE CELL

Jumies C. Bartholoniew

Cancer s a statistical disease. The proba-
bility of getting cancer after having been exposed
to a carcinogen is not one, The popular press is
filled with stories of people who have smoked all
their Tives and still do not show a sign of lung
cancer. But if we analyze the population as a
whole, we know that smoking increases the likeli-
hood that an individual will get cancer. These
simple observations tell us that carcinogenesis 1s
a complex process that 1s probably made up of many
steps.

It has been estimated that approximately 90% of
all cancers are due to both natural and man-made
chemicals. 1In experimental animals the involve-
ment of chemicals in cancer has been well estab-
lished. In certain human cases, eptdeminlogical
techniques have linked chemicals to specific forms
of cancer. Although exposure to certain chemicals
is likely to increase an individual's risk of
getting cancer, it is clear that different indivi-
duals have different susceptibilities to thece
cnemical agents, Even though the exact mechanism
by which chemicals cause cancer is not known, a
great deal has been learned in the last few years
to allow us to speculate on some of the elements
that play a role in determining susceptibility to
cancer-causing chemicals.

1. Modulation of the Metabolism of Polycyclic

Aromatic Hydrocarbons

Many carcinogens must be metabolized before
they are active, In most cases this metabolism
takes place by an inducible enzyme system called
aryl hydrocarbon monocoxygeanase (AHM), For
polycyclic aromatic hydrocarbons (PAH) like
benzo{a)pyrene (BAP) there is evidence that the
important metabolism for carcinogenesis is the
formation of epoxides. The epoxide of BAP that is
most active in mutagenesis and may be the ultimate
carcinogenic form is r-7,t-8- dihydroxy-t-9,
10-oxy-7,8,9,10-tetrahydrobenzo{a}pyrene (BAP
diol-epoxide I). The formation of BAP diolepoxide
[ from BAP involves the conversion to the (-)-t-7,
8-dihydroxy-7,8-dihydrobenzo(a)pyrene via the
enzymatic action of AHM and epoxide hydrase(EH)
followed by a second epoxidation in the
9,10-position to give the BAP diol-epoxide.
Presumably, it is principally this diol-epoxide
that reacts with cellular macromolecules in the
initiation step of carcinogenesis by BAP,

This work was supported by the Division of
Biomedical and Environmental Research, Office of
Environmental Research and Development, U.S.
Department of Energy, under Contract

No. W-7405-ENG-48.
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Many other cellular reactions yavolve detoxa-
fication ot epouvides of PAH,  The major detosxifi-
catian reactions anvalve conjuqation ot the
epoxides with glutathione catalyzed by qlutatnrone
S-epoxide transferase, formathon of conjugates ot
glucuranic acid, and sulfation ot the phenols,

The mportance ot these reactions to chemical
carcinogenesis 1 pointed oul by the observation
that in tissues with a Jow sensitivity to carcino-
genesis by PAH the efticiency of these detoxifica-
tion reactions 15 considerably higher than in
tissues with a high sensitivity,

Studies have shawn that the abyiity of cells to
metabolize PAH 14 intluenced by genetic faclors,
and the ltocus determining the inducibility of AHM
in mice has been 1dentified. A positive associa-
tion of this locus with the bindng of BAP to DNA
and the susceptibility of mice to chemical car-
c¢inogenesis has been shown., In humans, the
involvement of genetic factors in AHM induction
and chemical rcarcinogenes)s has not been clearly
established. AHM has been studied in monocytes
from monozygotic and dizygotic twins, and con-
siderable variation was found even when cells were
harvested from the same individual at different
times. Other studies with human lymphocytes in
culture have also shown that great individual
variability in the metabolism of BAP exists and
that persons with lung cancer can more actively
metabolize the carcinogen than persons without
lung cancer,

Nutrition has also been implicated as a deter-
mining facter in the response of cells to chemical
carcinogens. Current interest in the role of
nutrition in carcinogenesis comes from an analysis
of epidemiological data on cancer incidence in
human populations and the increasing indications
that diet may play a role in human carcino-
genesis, Differences in the incidence of cancers
among different countries, among population groups
within each country, and between migrant and
native populations point to environmental facturs
as explaining such variances. Evidence sugaests
that nutrition, as used in the broad sense,
affects the incidence of a large portion of human
cancers, perhaps as much as 50% of all cancers in
women and one third of ali cancers in men.

Epidemological data on human populations in
different countries show a strong positive cor-
relation between dietary fat intake and mortality
from breast cancer and leukemia, Similar positive
correlations have been found between fat intake
and mortality from cancer at such other sites in
the body as the prostate, intestine, ovary, skin,
and pancreas. Animal data suggest that the effect
of 1ipid diets in enhancing chemical carcino-
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genesis may be related to twe metabolic activation
of carcincgen cnotae target tissue.  howeyer o the
mechanise of the biprd effe U remains uncnown.
Lepermenty trdi-ate that tne fattly actd compos -
tion of the puospholinidy “ay regulate the otryo-
ture of the o loplastie merurane by nf laencing
nydrophotic Loty pelwers corheane peoleras and
Tag e tarn et fect tne
?1\!;’)',"’1') .

phaaptio lins 1o ang Lhoy
aCtrgation of chemieal oace
foelary Tiptd variatn on
mono ey eng e g tigaty o tnducbion s been
nyentigated i aar abor atory. Phase transition
Comper abur ¢ e g g0 ement s, paranibroanisgie Phi,
U=rdemethy Lase and 84 oy drarylase indicate that
the phase tranaalion e dbures (and membrane
tatly acvd compasttior e altered by dietdry
Pipid changes,  inoaddition, ndicate that
particular fatly scny may be necessary for induc-
tron of marunal activily ot particular enzywes n
Lhe monaoxyqendse s Since phenobarbhitol-nduced PNA
GU-demethylase activity was Jower n dist-gltered
miorosomes Lhan an controly. Thus, changes 1n
dietary gy composition are capable ot causing
ctandges o carcanggen mebabolismoand the ratio ot
acUivationydeactivalion producls.

The efterty ot

T

results

Our eoperaments wilh the eftect of hipids on
the metanobism ot BAP in C3H 10 T 1/¢ mouse embryo
fibroblasts has shown thal the culture conditions
of the celly can affect the quantity and kinds of
metabolic products produced. The cells have heen
coltured on Minmal Lusential Medium {MEM) ang
Basal Mediam Cagles (8MF ) supplemented with e ther
fetal calt serum (FLS) or delipidated tetal calf
seram {OFCS). Condilions tor equal growth have
been estab lished tor use in metabolism studies.
BAP metabolism has been measured by fluorescence
emission spectra and radiometric analysis of
tritium fabeled metabolites separated by HPLC,
Fluarescence emission adata indicate that BAP 1y
metabolized to different products in cells
cultured with MEM and DFCS compared to celtls
cultured in MEM and FCS. Fluorescence data also
indrcate that BAP diol-epoxide 1s formed when
cells are cultured in MM, while Lhere is no
evidence uf BAP diol-epoxide tormation when cells
are cultured in BME, Radiometric analysis of
individual metabolttes from cells cultured 'n BME
indicated that cells cultured in OME and FCS pro-
duced more water-soluble met:ibolites than celis
cultured in BME and OF(S. Cells cultured with FCS
also exhibited more overall metabolism of BAP than
cells cultured with DFCS. [n conclusion, both
serum composition and media selection have been
shown to effect BPA metabolism,

2. Chromatin Structure and the Uistribution of

Carcinogen-ONA Adducts

Once activated derivatives of PAH are formed in
the cell, they must presumably react with encoded
information involved with growth control to exert
their carcinogenic effect. The information neces-
sary for the regulation of growth of eucaryotic
cells is contained within the genome. Presumably,
carcinogens react with this DNA coded information
to alter its content or its expression. According
to this scheme, the availability of this critical
locus or loci for reaction with the activated car-
cinogen would, in part, determine the suscepti-
bility of cells to carcinogenesis.
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WAL Staphydooncrae nu e Jaoes spec ittty
tar transorihing A, Dat figests brvdge 0 at
taster rate than ngcbeowamal DIRAE D Tne difteren.

thal sensitivity of deoxyrmibonuc bease 1 to
chromat in appears tu invoive the increased

acetylation of mistones.
increases when the chromatin 1s

Histone acetylation
involved with

transcription, and therefore, may explain why
deoxyribonuclease | preferentially digests trans-

cribing DNA,

Acetylation does nat appear to alter

the rate or extent of digestun ot chromatin by

staphylocorcal nuclease; however, acetylated
nuc leosames

are released from chromatin at a

faster rate than non-acetylated nucleosomes.
Acetylation, therefore, seems to alter the
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availability of srctions of chromatin to enzymes

like nuclteases and RNA polymerase, and may also

aftect the binding of small molecules like
carcinogens.,

The differential senrsitivity of endonucleases
to sections of the ONA in chromatin have been used
to probe the distribution of carcinogen nucleotide
ardducts along the DNA. The rationale behind this
approach is that if more carcinogen is located in
the transcribing genes, then the rate of release
of carcinogen from the DNA by deoxyribonuclease |
would parallel the digestion rate of transcribing
DNA, and that the proportion of carcinogen
released would be greater than the proportion of
the DNA digested. If the carcinogen is concen-
trated in the bridge ONA, then staphylococcal
nuclease would release the carcinogen as rapidly
as bridge DNA is digested. A number of investi-
gators have used this approach; and in general,
the evidence supports a larger fraction of the
carcinogen binding to bridge DNA. In one case, it
has been reported that the distribvtion of BAP
diol-epoxide in the chromatin of human tung cells
did show a predominance in the bridge DNA when
cells were treated with BAP diol-epoxide, but when
these cells were exposed to BAP and allowed to
metabolize the compound the resulting DNA adducts
were randomly distributed throughout the DNA.

This random distribution was attributed to the
mobility of the histones during the long exposure
to BAP.
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rettergted sequences hind

sections of the
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more 4
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VAL, tnan st hay

nogerneral s the ve g ytary ciements of tre
Jenuine are More Lheedy Lo be gltered by carcines
gens than non-rege ity eloments and may iniigate
Why Carcinogenesis o ochemioals 1s more etficient
than mutagenesis, Tt also sugqests that as the
structural tivments uf the chromatin are altered
during changes an the pnys ological state of the
cell, the susceptibibity ot a given locus to
rarcinogen-indaced damage w11t alse be altered,

We have been deveioping the samian virus 40

Sva0Q! "onvcbromesane’ system for studying the
effect of ¢hroamatin structure on carcinogen
binding to DAL The ONA of SVA0 1s assocrted
with histones 1n much the same way as 1n ceilular
~hromatin; however, the histones of S¥40 are more
acetylated than cellular histones. Replication of
SV40 utilizes cellular enzymes and presumably
proceess 0 a manner reflective of cetlular DNA
synthesis. The utility of SV40 1n studying the
effect of chromatin strycture on carcinogen bing-
ng comes from the ability tu make changes 1n the
chromatin composition and monitor the alterations
in structural organization by sedimentation
analysis or electron microscopy. Extraction of
H] converts the chromatin intn a more extended
form, Simlar conversions were observed at
extremely low 1onic strength in chromatin con-
taining Hj and tn chromatin inynlved with
transcription.

SV40 minichromosumes were reacted with low
levels of BAP diol-epoxide L ;ive less than 5 UNA
adducts/minichromosome, Thiy tevel of adducts did
not detectably alter the structure of the mini-
chromosomes, but high levels of modification did
lead to extensive fragmentation. Relative to
naked $V40Q DNA, BAP diol-epoxide induced alkyla-
tion was reduced and sirand scission of mini-
chromosomal DNA enhanced by factors of 1.5 and
2.0, respectively. The reduction in covalent
binding was attributed to the presence of
histones, which competed with DNA for the hydro-
carbon and reduced the probability of BAP diol-
epoxide intercalation by tightening the helix,

The enhancement of strand scisuion was probably
due to the catalytic effect of histones on the
rate of 8-elimination at apurinic sites,

although an altered adduct profile or the presence
of a repair endonuclease were not excluded.
Staphylococcal nuclease digestion indicated that
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Thomany ases Chemroads gt anrthiate cdre1no-
nes s Rdave Leer o snoawt to tomd to INAL 0 These
Componnds bt DNA wynthesss with an ef fective-
nens thal crredlates Wi tn theyr carcinogenicity.,
wlirle the tnvaieement ot DA synthesys anhabition
INCarcinagenesis gy not been shawn, 1t s
tedaatatade U assame thal o errors mage an tne

Samaged UNA leat to deleterious
cant Lions, some of which may

processing ot
vitects on antiaty

Yt to caner, caerstanding how cells replicate
famage 1 ONA ma,y e Voo understanding caroino-
eyt by Chemte gyt oand certaindy wilioand in

anderstandirg tas el nes hanasms ol DNA
synthes s,

deplizatao o ot gyt GNA Lakes place inoa
nrgnly complec fashion, Tyndence has been

preseated that there o hoth a temporal and
spatial organization of ONA Lynthests throughout

the 5 phase of the 0 -y b Sestons of the
qenome . termed veplbioons . aee the basic umit of
replication 1o that within a replicon DNA «ynthe-

Tt ate o caongated, and Lerminated,
Pxperiments with BNA fiber wtaradiography have
indreated that replicons are organized 1n domaing
sach that each replican 1n g domain initiates ONA
synthests at appraximately the same time wilhin
S Recent analysis of the maturation of newly
synthesized ONA f-agments contirms the domasn
concept of replt on organization, and shows that
the rate-11miting step 1n ONA synthesis 1s the
maluration of replicons into larqge molecular
weight ONA,

L AN

VAL replication omomonkey kuidney cells offers
an excedlent mode) System to study the alterations
N oeucaryotic DNA syntnesis caused by chemical
carcinggens,  The repitcation of V40 utilizes an
anzymatic apparetas sappiied by the cell,  the
SVAD repliicwn can be ronsidered as an example of a
cucaryotic replicon, but probably lacks the
constraints amposed by involvement 1n a domain,
Repiication anyolves initiation at 4 specific
Jocis o the parent molecule followed by bidirec-
tronal ynlhesas until the growing forks approach
earh nther 180° 4way from the initiation site.
Termination of synthesis is rate limiting in SV40
DNA synthesis as an cellular DNA synthesis and
requires separation of daughter molecules con-
taining gaps. The replication forms of SY40 DNA
have been partially separated by both sucrose
density gradient centrifugation and agarose gel
electrophoresis., These techniques give resolution
of the supercoiled form [ ONA from relaxed cir-
cular form II DNA and other replication interme-
diates. The form II DNA is a mixture of molecules
cont4ining gaps in the process of terminating
normal replication and molecules with random
single strand breaks arising from form I ONA
during harvesting.
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vuring the past yrar pur studiles on the effect

ot BAM o d-eporide on the replication of SYAD
faye centered gn chdracterizing the gap 1n the
farm 1] maivs gle, that ac- gmulate when 5V40
replicatey on the presence of BAP diol-epoxite.
Thee, s LLostructures do contgain BAP rul-
epoa ey aediogted Ly the radiocactivily detecteg
1yolate t maler giey, when repiication 1s
st the presence nf tritiated BAP
Prol-epeer e, beo Hi oregtraction of the form [

Jdeg toliowed Ly 3lkaline sedimentathon
o1y of the reqtriction fragments shows that
qap 1. lorated randomly around the 5V40 DNA.
Attempts te 1l the ap by adding nucleotide
ronnosphtes with reverse transcriptase have
tarled | indioating that palymerases are Llocked
ProNn magang A0rnss qap.  These experiments are
proesenliy being done with polymerase [ from [,
¢l that hay some "prootreading” capacily to see
of ‘this type ot polymerase can incorporate nucleo-
Crde Lraphosphates into the gap. We have been
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atducts on the form 11 are stanie for at least

1A nr, anit that the cells are not repalring the
Tegrany an tne URNAL

Anather approach we have taken during the past
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The inducibility of aryl hydrocarbon hydroxyl-
ase (AHH) by benzo[a]pyrene (BAP) has been studied
in synchronously grown cultures of mouse liver
cells. These cells (NMuLi c1 8) have low basal
levels of AHH which can be induced greater than
100-fold by BAP. Cells were synchronized in
G1(Gg) by serum starvation and in S by release
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from serum starvat on n combination with excess
thymidire.  when released from o 6o’ by

replating at Tomer Cell gensit, o~ freyh megium
with 20% serum, cells degan entering S woith a "ag
of 10 n. Agdstion of BAP (L .ami oon hefare
seram stimulatron, at the time ot stimgltation, or
7.8 h atter stamglation all jave similar anductior
winetics:  the Ak activity peaned a5 the “pllc
begar entering S regardless of when the BAT was
added, Cells blocned 1n various parts of & by
excess thymigine were inducible for ARH activit,
as efficiently as cells moving through 5 and intn
C:. These results ndhcate that the 1nduc:-
D111ty of ARH 15 greater when cells are activei,
proliferating ard may be a contributing factor to
why arowing cells are more sensitive to muta-
genes1s and transformation than quiescent cells,

2. SPECTRA OF CELLS IN FLOW CYTUOMETRY USING A
VIDICON DETECTOR

Charles o. wade, Hichard H. Rhyne, Jr., Wili-an M,
wWoodruff, David P. Bloch and James C. Bartholomew

J. Mistocnem. cytochem., 27, 1049-1052 (1979;.

A TVv-type vidicon detector wa, i1nterfaced to a
flow cytometer (FCM) to obtain spectra of fluoro-
phores 1n cells during flow. The normai opera-
tions of the FCM are undisturbed. A spectrograph
spreads 320 nm of the flucrophore fluorescence
emission across the 500 channels of the detector.
Spectra of fluorescamine (a suyrface labeling
agent} and of propidium iodide (a nuclear
stain) were obtained from Balb 3T3 cells, and the
chlorophyll and phycobilin peaks were resolved
from flowing blue-green algae in the FCM. Under
typical flow conditions, operation of the vidicon
n the continuous mode nives for these fluoro-
phores a S/N of several hundred to one in approxi-
mately 3 sec. The vidicon was also gated to
obtain spectra of single cells and of cells in
selected portions of the cell cycle. For example,
the spectrum of fluorescamine was obtained from
cells in the Gy phase of the growth cycle by
using as a gate trigger the FCM discriminator
output derived from the propidium iodide signal.

3. MODULATION OF THE CELL CYCLE OF CULTURED MOUSE
LIVER CELLS BY BENZO[aJPYRENE AND I1TS DERIVATIVES

James C. Bartholomew, Andrew L. Peariman,
Joseph R. Landolph and Kenneth Straub

Cancer Res. 39, 2538-2543 (1979)

We have used flow cytometry to monitor the
alterations in cell cycie distributions caused by
chemical carcinogens. Two closely derived mouse
liver gell strains growing in culture have been
s od with regard to the effect of benzo[a]py-
rens and derivatives of benzo[a]pyrene on DNA
vyntresis, The derivatives tested_were (+)-trans-
7a,88-dihydroxy-7,8-dihydrobenzo{alpyrene; (¥)-
7a,88-dihydroxy-96, 1PR-epoxy-7,8,9,10-tetrahydro-
benzo[a]pyrene (diol-epoxide); and 7,8,9,10-tetra-
hydroxy-7,8,9, 10-tetrahydrobenzo[a]pyrene. One
cell strain used in this study, NMuLi clone 7, is
not highly inducible for the enzyme system (aryl
hydrocarbon monooxygenase} that converts the
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James L Bartne lomew, Howard B, Gamper an

Hisao AL Yokt

Modecular Basrs of Eavironment ] Tostoat, | i,
Bhatnagar, ¢d. CARR Avhoy Soaence Vull, oo
1980°, pp. 223-30%

Tt 1y becoming increasingly evident that the
brochemistry of the cell plays an amportant role
wnodefining susceptibility to cardinagenes v, by
chemicals. Not all species are equally suscepta-
ble to a given chemical carcinogen, nor are all
tissues from a given urganism malignanti, trany-
formed with similar efficiencies. In fact, the
same cells n different parts of the cell cyrle
are transformed with thifferent efficiencies.
Current concepts of the mechanism(s; of «hemi .y
carcinogenesis 1nvolve the covalent iateraction of
activated chemicals with cellular macromolecuies,
in particular DNA. In some cases, chemicals are
metabolically activated by the cells themseives
before covalent binding )s possible. This review
article presents evidence that the cell susceptr-
bility to chemical carcinogenesis is modulated 1n
three ways. First, metabolism of a carcinogen
either to detoxification products or to compounds
more active in carcinogenesis varies among cell
types and among similar cells exposed to different
dietary regimes. Second, alterations 1n chromatin
structure can regulate the availability of criti-
cal site(s} for binding a carcinogen as well as
the repair efficiency along the DNA. Third,
damage rematning in the DNA at the time of repli-
cation is most detrimental to the cell, and
different cell types have different capacities to
replicate DNA in the presence of this damage.

5. DNA_ALKYLATION AND UNWINDING INDUCED BY
BENZO[a]PYRENE DIOL EPOXIDE: MODULATION BY IONIC
STRENGTH AND SUPERHELICITY

Howard B. Gamper, Kenneth Strdaub, Melvin Calvin
and James C. Bartholomew
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Proc. Nati. Acad. Sov. USA T, 200U-c004 - 1980,

Luperte eyl oand partiatly reiased G4l DA
were regotesd In vitre with e 7k ba-dihydroxy
S d0sepusy-7,2 9,0 - Letranydrobenzo[a Jpyrene
Bar J1ol epoerte The modifred ONA contained
Yoqanine and MU atenine hypdrocarbon adducts
hothe 3ty ebil4L Superhelical HV40 UNA was
approatmately 8% more susceplinle to modifaicathnn
than partig by eelaved viral ONAL Counterions
PR Tted DA gikgiation by up to 90%, Mgt
Detng HO-tel b more effective than Na'. The
ettty of covalent binding tu nelix stabviaty
s cansistent with g reaction comples an whicn BaP
f1ol epoeat & 1y dnteccalated,

The sapernelioal fensity of the modifared UNA
Sabstrates was Jetermined electrophoretically
volative 1o partially relaxed standards and an
urwindtng angte for the hydrocarbon adoucts was
alrutated,  The anqgle was dependent upon the
supernelicity of 'te UNA molecule and ranged from
$30° to 30°.  Iniy tata indicates that the
modified hase pairs are disrupted and, 1n the
proesence of torsional strain, act as centers for
the further depaturation of up to 8 adjacent btase
pairs.  in the apsence of such strain the alkyla-
tion sites have an urdered structure with the
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attached hydrocarbon probabiy orvented 'n the

minar or major groove of the hella,

ROLE OF Gp-G) ARREST IN THE INHIBITION OF
TUMOR LEL. GROWTH BY INTERFERON

Abla A, (reasey, James (. Bartholomew and
Thomas . Merigan
Proc. Natl. Acad. Scr. USA 77, 1471-1475 {1980)

we report that human leukoCyte interferon
preparatians are capable of nfluencing the
transition of human melanoma cells from the “"A"
state to the "B" phase., Human melanoma cells that
enter 4 quiescent stage at high cell density are
more sensitive to the cytostatic action of ainter-
feron than those thdt continue to proliferate
under samylar condityons, Cell cycle perturba-
tions caused by 1nterferon in these cells include
3 decredsed transition rate out of Gg-Gp ("A"
state) wnto 5 ("B" phase} and a prolongation of
$. These findings support the 1dea that some
metabolic event 1s required for progress through
the Gy-Gy phase of the cell cycle and 15
susceptible to interferon action.
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GENE EXPRESSION AND MALIGNANT TRANSFORMATION

Vina J Mo
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Moaever owher egkaryot o cells
rere Led fram the orgartsm and placed o ocul-
they raptdly Jage thetr ahility to remain
and thetr metghnlism becomes in-
reasingly ulvcolytie oas the cells adapt to cul-
tore ronptiees . The relation nf this alterasd
metabo e te toss of specific functions s pocrdy
sederstend ant has not been sy<tematically

Tnvest rgated.

ATy

Lare,

ntferentate

Macnoot the drteratyre or (3rcinagenests uses
wvsteris that e indeed ahnermal or ognstable,  The
answers Jerived fram such stadies are at best
tnaccurate guentitatively and, at worst, meaninn-
less 'n terms of the mechanisms of apitiation of
malignint state.

It 15 our thesis that this situation could
mprove if more attention were pad to the physia-
logical state and ive metabolic makeup of the cell
when it is placed in . ylture. Under the assump-
tion that all cells share common “ron-differen-
tiated" functions, a cell has been defined as
differentiated if it elahorates a aiven (or a set
of } tissue-specific macromolecule(s). This is an
errpneous notion--one that indeed has led invest-
gators to ignore the differentiated nature of
metabolic control, Despite the fact that inter-
mediary metabolism is common to all cells, it is

This work was supported by the Division of General
Life Sciences, Office of Basic Sciences, and the
Division of Biomedical and Environmental Research,
Office of Environmental Research and Development,
U.S. Department of Energy, under Contract No.
W-7405-ENG-48, and by the National Science Foun-
dation, Grant No. PCM 7714982,
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We have o tab liched coqlture cnmbitions far
nramar y avian tendon where one amportant fisgyee
specific functior collagen synthesis) is kept
stable at the in vive leyel for an extended period
in culture--a first accamplichment of ats kind. 5
The function s modylated by cell deryity,
ascorbic and lagtic acids, serum levels, and viral
transfyrmation.” " We have transformed these
cells with temperature-sensitive (ts) mutants of
Rous sarcoma virus (RSV) and determined the type
of collagen synthesized in culture.? Thus, the
cell system is an ideal model for studying requla-
tion of collagen synthesis (30% of total protein
synthesized is collagen), mechanism of action of
ascorbate, and cell-virus interactions. The
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wr have et ined gqrowth patterns ) hewose trans-
ool systems and the qlucose metabolie patterns of
twer . marenry co' 1y that are reported to
rotrin sore o spec b tanctions, The twe o)
Tineg JHELSTO0 ang WTEST were il g te e h
otner Jand Loochicg tibreblastsy an moany of thear

charac terist ira.ll Farthermore, they wore very

insensitive to their cqltyre conditions and di
not synthesize Tactose a mile component) in re-
sponse to Tactogente hormones.  Under the same

conditions, cloar gitferences between lactating
and non-lact stang moase cetts could be demon-
strated. We are therefore in the process of
chavacterizing froch tissues from human sources o
order to provide an in vivo reference point for
subsequent culture studies. These experiments are
performed in collaboration with scientists at
Peralta Cancer Institute in Qakland, a part of the
Biclogy and Medicine Division of LBL.

Wa have recently discoveren an mpertant aspect
of lactose synthesis and secretion by mammary
cells, We have shown that mammary epithelial
cells are capable of synthesizing high Tevels of
glycegen during pregnancy. The enzymes of glycn-
gen synthesis and breakdown are shown 'o be acti-
vated and involved gt various stage: mammar y
gland deve10pment.1 We have thus proposed that
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We have recently arepesed 3 madel for yiral
carcancgenesty that shoutd oper up exciting
possitiiities tor new experiments and a better
understanding of the avarlable data in the liter-
atare.  wWe alay hope that the model would make it
oos<able to Lnderstand and pinpeint the role of
virgses onothe etiology of human cancer. The
model States that viral carcinogenesis may be a
multistage preress, similar to that proposed for

tumar anduct:on on meyse skin by carcinogens and
tumor prermoters.  The product of the transforming
gene of RSV (src) is then seen as a "transforma-

tior" promoter {gthor than as the initiator of
trar:farmation, ! Since aur paper appeared last
year, others have proposed similar models for DNA
virus transforration. The concept that the viral
protein kinase {PP602YC) may be necessary but

not sufficient for transformation also has gained
additional support. At present we are investigat-
ing the similarities of a potent tumor promoter,
TPA, to that of the aciive src protein kinase,
using 2-dimensional gels for separation of pro-
teins, metabolite patterns, collagen synthesis and
other transformation parameters. Initial studies
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JL A GIMPEE TECHNLCE FOR DETECTTON AND

CUARTITATION OF DACTOSE SYSTHESTS AND SECRETION

vodanne T Frerman and Ming Jd, Bisseld

Analyt. Brochem, 94, 340-345 (1979)

A combinathon ot high specific activity [14r]
qlucose, two-dimensional chromatoqraphy, and aute-
radtography can ue utilized to follow the flow of
glucose carbon into lactose and various intermedi-
ary metabolites of the mammary qland. The tech-
nique described requrres a minimum amount of
tissue manipulation, is quantitative, utilizes
microgram guantities of sample, and can be used
for tisswe pieces, single cell suspensions, and
cells in culture., Clean separation of Tactose
from intermediates of glucose metabolism in a
single chromatogram will aid the study of the
regulation of mammary-specific functions.

*See Abstracts.
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in byl af taese components it be o surface s
frambt ahout vy different mechanises, collagen
Tovels beang regalited by procollagen synthesis
nd frvronectin levels by degradation and/or re-
Tease into the culture medium,  The possibility is
Jiscussed that faibronectin is Tost from the cell
periphery ot primary avian tendon cells as a con-
soguence of decreased levels of anchoring collagen
molecyles,
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1opept e wn
thy
Nevertn'ess,

10, REQUIREMENTS FOR MAINTAINING THE EMBRYONIC
STATE OF AVIAN TENDON CELLS IN CULTURE

Richard 1. Schwarz, Deborah A. Farson, and
Mina J. Bissell

1In Vitro 15, 941-948 (1979)

Primary avian tendon cells (PAT) maintain their
embryonic state whep cultured in medium F-12 with
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SATTON ARD ALTERED JyTooHROM
0 T RAT HEPATOCYTES

M Moo Chawr | M,

et

Bissell and

. :
250NN N

O Moz

Biachae, Srophys. Acta, an press 1980

3351t rat hepatncytes exhibit in-
creased levels of cytanchrome P-450 when incubatoed
n media containing fructose, relative to cells
incubated with equimclar qlucose, and the effect
of fructose varies directly with 1ts concentration
brtween 2 and 10 mM.  For investigating the mecha-
nism of the effect af fructose on cytochrome P-450
ir cultured cells, [U-12CT fructose or [U-13c]
clucose were added to the incubation medium, and
their uptake and utilization were compared. While
the uptake kinetics of the two hexoses were simi-
lar, the rate of phosphorylation of fructose was
more than 10-fold that of glucose. The appearance
of fructose carbon in metabolic pools, as well as
its conversion to COp and cellular glycerolipid,
similarly was increased. The latter finding sug-
gested that fructose might alter cytochrome P-450
by stimulating glycerolipid synthesis, since the
stability of the cytochrome is lipid-dependent.
However, the changes in glycerolipid formation
failed to parallel changes in the level of cyto-
chrome P-450 in fructose-treatsd cells, Moreover,
the relative distribution of 18¢ into specific
lipids was similar for both hexoses, suggesting
that an increased carbon flux in cells incubated
with fructose did not directly impose a qualti-
tative change in cellular lipid synthesis. We
conclude that the fructose-mediated alteration of
cytochrome P-450 in cultured rat hepatocytes

Vi tured
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cells to initial i+ sction and transformation, but
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CULTURE SYSTEM FOR STUDYING MAL TGNAKWCY
M. J. Bossel | .

H. Smith an:' M,

C. Bartholomew, J. Folkman,
Stampfer

Cancer Res. 39, 4293-4795 (1979)

A symp-sium organized by the above investi-
gators e plored the new and more relevant culture
systems ‘or studying malignancy and differentia-
tion. he summary of the symposium report makes
these general conclusions:

¢ B h mutational events and changes in gene
e.pression by themselves or in combination
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