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INTRODUCTION 

Mdvm 

The i.hi--'" n.i ! Biodynamics Division ol ; b. r .in-
tinues tu (ondurt. basu research on the Jyn.-tn: i« *. 
of living c-1 1 s find on thf 1 nter at. t ion nt radiant 
energy with organic matter. Many aspects of this 
basic research are related to problems .if environ
mental and health effects of fossil fuel combus
tion, solar energy conversion and chemical, viral 
carcinogenesis. The division began in ly^-. and 
U s interactions with various departments on the 
Berkeley campus o! the University of California 
are enhanced by its physical location. We have 
had graduate students from the departments of 
chemistry, physics, botany, molecular biology, 
psychoioqy, and geology, and graduate groups sue n 
as biopnysics, plant physiology, and comparative 
[j lochemi str y. 

From the very beginning, the research of this 
division has involved extensive interdisciplinary 
collaboration. This is fostered Oy unfettered 
discussions, strong efforts to communicate across 
disciplinary lines and, most important, a cooper
ative process tor planning and administration. 

MS mentioned in the last annual report, the 
record ot the d 1 vis ion--both in its publications 
and in tne activities of its students, postdoc
toral visitors, and visiting faculty—is the 
principal evidence that this interdiscipl inary 
approach has been highly successful over the 
years. It is this quality of the laboratory that 
we considei to be its unique contribution to the 
university community, not only in the state of 
California but in the United States as a whole. 
There exists no other laboratory, to my knowledge, 
that has this degree of integration of the various 
scientific disciplines that we have achieved here 
in the Chemical Biodynamics Division. 

('alvm 

;iu'"nq the past yp:i<\ we have begun ---search 
in an entirely new scient'*ir area, *.->'!_, crystal
lography, with the arrival of Professor liung-Huu 
f-. IITI and his research group. he look forward b. 
the contributions that this new group *:!! makt to 
our activities. A second event in the development 
of our scientific capability has been the comple
tion ot the «nimai tell Tissue Culture rac1iit> on 
the Hill which will oe occupied in the spring ot 
I98u. File research in animal cell tissue culture, 
vi ro !ogy and carr i noqenesis will be moved 1 n t L the 
new facility, vai Uing span- in the root ,^rv^ of 
the present building which will be renovated and 
used tor- research in plant Cell tissue Culture. 
This latter effort is \,'ery central to the research 
on hydrocarbon-producing plants, as plant cell 
tissue ujlturp is one of the most important ways 
of modifying plants so that they can produce more 
of certain types of chemicals which are alternate 
sources of fuel and materials. 

Finally, it should be mentioned that in 1980 
the directorship of the chemical Biodynamics 
'Jivision will pass into new hands, those of 
Dr. George C. Pimento!, a faculty member of the 
Department ot Chemistry of the Umverr-'ty of 
California, Berkeley, and a' present Deputy 
Director of the National Science Founoation. 
Under his ' adership we envision the development 
of new research areas as well as the preservation 
and continudtion of ongoing research programs. 

Me I vin Calvin, 
Division Head 
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PHOTOSYNTHETIC LIGHT REAC TIONS 
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we nave ,isea detergents to dissert these mem-
Dranes and to study the individual pigment-
protem complexes. The simplest of these is a 
bacterlochlorophyI I tBchl -protein that contains 
2 BChl together wti, two peptides in a complex ot 
20 kdaltons.' Absorption and circular dichroisii 
sper'-a u p consistent with the isolated comple-
ha.ing essentially a native configuration, we 
have used linear dichroism studies of stretched 
films containing the complex to characterize the 
geometric arrangement of the BUil molecules and to 
help to resolve the spectral exciton components 
that result from their interaction with one 
another.- in the intact intracytoplasmic mem
branes (chromatophores) these Bchl-proteins drc 
closely associated with the reaction centers. 
Photoox idation 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 i_n vivo spectra 
remains, indicating that this shift results from 
the environment of the BChl in the protein and not 
from the exciton coupling itself, 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 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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eler Iron l.jnr;e!;od '•. i nye 1 ve.i.'"' 1 he : ' i i r • c j. • 
r'ecomb tna: ;o" i" t're •-earlier, ; enter predurrs i 
i hliirophy! 1 triple! state that ran he dete.ti'd l,y 
H'R techniques, an: t n>- po i jr i /a L ion ot t n ; -, 
spn t rum i'. . f i i gni •• r '. tnr .i i jd l c. a 1 - pa ' •• 'T)e:.h.!r>-
tsm as its oridin.^ wheo the riMrriun center-, 
are close), a different tripi'-t is o b s e . e d .'y 
LPk, its speetruiii is quite distinct t roi'i that ot 
chlorophyll or similar mo I ecu 1 os . ̂  Sub'.equen t 
stjdns have shown that this triplet resides on 
c-c arotene m the reaction -.enter.''J We have 
noiv produced triplets in a variety ot c.ir'oteno ids 
in photosynthet 11 harleria and in vitro and ob
serve: their triplet tPP siqnals, wnicfi apparently 
have not been reported previously. We hope to 
extend these investigations to a variety ot other 
syUems that incorporate carotenoids, includinq 
the visual pigment r-fioiiops in. 

WP have cont i nued 
t ion in Photosystem 
electron spin polari 
Theoretical modeling 
the existence of two 
acceptors, with diff 
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tron on the oxidized 
acceptor has the pro 
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through a set ot fou 
results in an effect 
the membrane--presum, 
ated electrochemical 

to investigate? charge separa-
1, using measurements ot 
zation and rapid relaxation. 
ot the observations points to 
distinct reduced electron 

erent g-values and spin tensor 
ouple with the unpaired elec-
primary donor.H The first 

perties of a chlorophyll mol-
appears to be a species, X, 

tion-dependent, anisotropic 
pid transfer of the electron 
r membrane-bound acceptors 
ive charge separation across 
ably the origin of the gener-
potential.'* 

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 Oj 
evolution.13 Furthermore, these oxidation-state 



enM\()»•"_, rjf.t.jr- ;F' I periodic fashion in flashing-
light H-perimnnts .in j in a fashion that links them 
to the i ntermed i ate •apec ies participating in water 
c,,» i dat i on . Qui- evidence suggests that the *ater-
splitMog i'.onipliv 'ortains two cooperating Mn 
.>toms. Thrse -indergn changes involving the states 
Mn, i I , Mn .';!. irrl, transiently, Mn^IVj, aru Ln^ 
st,v]..' p r m r : ' 'J- r» lease involves the partial 

o/idation ot water by a process ot transferring 
electrons to the Mn centers (Figure 1!. A recent 
ft-port of the isolation of a water-splitting com
plex involving ? Mn in 6r» Kd of protein 1 indi
cates the possibility that tnere will soon be a 
break tnrougn in ~i,r understanding of solar energy 
conversion teased on the photosynthet Tc mode*. 

Mn(IH) ^̂  0 H 

© 
© 

Mn(ffl) JQA 

Figure 1. Changes in 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 S Q to Sj, whereupon the next electron removed causes a partial oxidation of 
water and a state S3 with decreased Mn oxidation state. The last electron removed 
results in the release of 0? and restores the complex to its initial state. 

(CBB 799-12351) 
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Abstracts 

3. LINEAR DICHR0ISM OF LIGHT HARVESTING 
BACTERIOCHLOROPHYLL PROTEINS FROM Rhodopseudomonas 
sphaeroides IN STRETCHED POLYVINYL ALCOHOL FILMS 

John Bolt and Kenneth Sauer 

Biochim. Biophys. Acta 546, 54-63 (1979) 

Light-harvesting bacteriochlorophy11-protein 
complexes from Rhodopseudomonas sphaeroides 2.4.1 
and R-26 mutant are solubilized in sodium dodecyl 
sulfate and imbedded in polyvinyl alcohol. 
Stretching induces orientation, and the linear 
dlchroism of visible and near infrared absorption 
is analyzed. Based on a simple model, angles 

*See Abstracts. 
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between the p a r t i c l e axis and the t r a n s i t i o n 
d ipole moments are found. In the near i n f r a r e d 
absorption band of the R-26 l i g h t - h a r v e s t i n g 
p ro te in the d ichro ic r a t i o var ies from 1.30 to 
1 .57. Using the absorption curves the band is 
resolved into two exciton components. In the 
v i s i b l e absorption band the d ichro ic r a t i o has a 
constant value of 0.43 for the R-26 pro te in but 
var ies with wavelength for the wi ld type l i g h t -
harvest ing p r o t e i n . This v a r i a t i o n is a t t r i b u t e d 
to an addi t iona l bacter iochlorophyl1 not present 
i n t he R-26 p r o t e i n . 

•1. i 'hl;\nj..:. ' j ..,TI(l.\ <ii A M L U N A bAiJLRl'JCHLORUPHYLL 
:N . i i ' iA ' . ' ' . ) : - ' ! ! . ^ . , i - •'•' i ARu'RiOuj ; L V . MUTANT 
Rh.slups, i. Inmnnas ',j)h i.-r i : ,|es ,VJ[i iHl" AITLNUAM 
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'i'" *-.'. med to antenna bacteri-
l..intnii vieid of this reaction 

•'•, '...' • 10^. The loss in 
o:'on s accompanied by a pro-
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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 experimental results. The 
triplet orientation is verv similar for the two 
organisms 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, John Bolt, Richard Friesner and 
n.enneth Sauer 

Btqchim. Bi_o_£hy_s_._ Acjta 54_7, 502-511 (1979) 

Reaction centers of the photosynthetic bac
terium Rhodopseudomonas sphaeroides R-26, give 
rise to large tripTet state EPR signals upon 
illumination at low temperature (11 K ) . Utilizing 
monochromatic polarized light to generate the EPR 
spectra (magnetophotoselection) we hsve shown that 
the intensities of the observed triplet signals 
ire 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 >-espect to 
each other and with respect to the triplet state 
principal magnetic axes system. Our guantitative 
approach is to follow the procedure outlined in a 
previous publication (see Ref. 5 abstract above), 
where computer simulations of the observed triplet 
state spectra were employed. 

The results presented in the present work indi
cate that the transition moment at 870 nm which is 
associated with the bacteriochlorophyl1 'special 
pair 1 lies almost entirely along one of the prin
cipal magnetic axes of the triplet state. Also, 
tne o70 nm transition moment makes an angle of 
apprnx. 60° with the 546 nm transition moment 
which is associated with a bacteriopheophytin. 
This IHter result is in agreement with previous 
pholoselection studies on the same bacterial 
sper les (Vermeglin, A., Breton, J., Pa i1 lot in, G. 
and Coqd«ll, R. (1978) Biochin^ Biophys. Acta 501, 
,14-530:. 
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PHOTUSYNTn[SIS--THE LIGHT REACTIONS 

Kenneth Sauer 

Bi_ochim. Bissphys. •sK<l--t 1979; 

The triplet state EPR spectra of magnetically 
aligned whole cells of Rhodopseudomonas viridis 
and R_hod0£S_eudojiionas p.iiystrjj; display a marked 
dependence on the orientation of the static EPR 
field with respect to the alignment field direc
tion. This observation implies that the primary 
donor species on which the triplets are localized 
are ordered within the membranes. We have devel
oped a theoretical model for the system to enable 
calculation of the orientation of the magnetic 
axes of the primary donor species with respect to 

Ann. Rt-v. Phys. Chem. X), 155-178 (1979) 

Recent developments are reviewed in the absorp
tion, transfer and trapping of photon excitation 
in photosynthetic membranes of plants and bacte
ria. 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 Sauer. Paul Mathis, Suzanne Acker and J. 
A. Van Best 

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

Triton-solubi1ized Photosystem I particles from 
spinach chloroplasts exhibit largely reversible 
£-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
tion 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 ps) component dominates in 
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, 6-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 I OF SPINACH 
CHLOROPLASTS AND SUBCHLOROPI.AST PARTICLES 

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

P'QC. Natl, Acad. Sci. U.b.A. 76, 5124-5128 (1979) 

We report light-induced electron paramagnetic 
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 I. if the reaction 
centers are prepared in the redox state £-700 A 
X"Fd[3"FdA", then upon illumination at 11 K we 
observe a polarized chlorophyll triplet species 
which we interpret as arising from radical pair 
recombination between £-700 + and A". This 
chlorophyll triplet is apparently the analog cf 
the PR state of photosynthetic bacteria [Parson, 
W. W. & Cogdell, R. J. (1975) Biochim. Biophys. 
Acta 416, 105-149]. If the reaction centers are 
prepared in the dark redox state P_-700 A X 
FdB'Fdfl", then upon illumination at 11 K we 
observe a different triplet species 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 C RADICAL 
PAIR MECHANISM 
Richard Friesner, G. Charles Dismukes, and 
Kenneth Sauer 

Biophys. ^. 25, 277-294 (1979) 

We have extended the radical pair theory to 
treat systems of membrane-bound radicals with g 
tensor anisotropy. Analysis of the polari/eil 
electron paramagnetic resonance (EPR)signals of 
P-700 +, originating from photosystem I of higrer 
plants, in terms of the radical pair mechanism 
provides information about the sequence of early 
electron acceptors. To account for the o menta
tion dependence of tie line shape and integrated 
area of this polarized signal, we propose the elec
tron transfer sequence to be P-700-*Aj-'X+Fri(A,B), 
where A^ is a small organic mulecule (possibly 
chlorophyll;, X is the acceptor species oDserved 
recently in low-temperature EPR stuoies, and 
Fd(A,B) are the ferrodoxin iron-sulfur centers A 
and B. Our calculations provide information about 
the lifetimes of Aj", and X", and their 
exchange interactions with P-700 +. We also find 
supporting evidence for the orientation of X" in 
the thylakoid membrane reported recently by G. L. 
DisTukes and K. Sauer (B_iqch_î m. Biophys, Ac_ta. 
504:431-445.) 

13. PERIODIC CHANGES IN THE OXIDATION STATE OF 
MANGANESE IN PHOTOSYNTHETIC OXYCEN EVOLUTION UPON 
ILLUMINATION WITH FLASHES 

T. Wydrzynski and K. Sauer 

B_i_och_i£K B_iojihĵ ._ Acta 389, 56-70 (1980; 

The pattern of manganese 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(II) 
released in the presence of ^FefCNJg compared 
with a dark-adapted control. Following illumina
tion and heat treatment, the addition of the 
rtductd-it H;>0;> to the samples causes an 
increase in the level of electron paramagnetic 
resonance (EPR)-detectable manganese. The pH 
dependence of the HgO? 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. 
Mn02- The light-induced Kn(II) decrease is 
reversible in the dark with U- approximately 
40 s and can be prevented by the present of the 
Photosystem II inhibitors 3-(3,4-c'ichlorophenyl )-l, 
1-dimethyl urea or fluorocarbonylcyanide phenyl-
hydrazone during the illumination period. 

After a series of Qrief flashes of light the 
Mn(II) released by heat treatment oscillates over 
periods of four flashes. The pattern is similar 
to the Oj yield flash pattern and suggests that 
a cycling of manganese oxidation states is in
volved in the Oj evolution mechanism. The 
oscillations in the Mn(Il) release are analyzed in 
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An analogue t. 
the membrane system is the vesicle shown be In* it, 
winch also divides tiie system into two parts. 
Using an - k y l a t e d [Ku; b tpy! \ } ' - ' - ociiplei. as a 
sensitizer that localizes in the phospholipid .. '•-
icle w a l l , we have been ahle tu promote mi elec
tron !,and proton] transfer a. rcss tin- wall 10 
produce both oxidation and r e d u r f i o n prod
ucts. - t , ( j t'revinus 1/, wo had ori sorted evidence 
for charqe migration in intact, ph'tosynthetic 
o r g a n i s m s . ' Half of the complete system, having 
only a single interface ii^e a micelle or an emul
sion, is also being s t / n e d to build up knowledge 
about electron transfer reactions at interfaces. 
We have shown that fluorescence quenching by elec
tron transfer can tie greatly enhanced in the p r e s 
ence of an interface whe''e the reactants are 
held.8 In p r i n c i p l e , such half systems can 
eve n t u a l l y be assembled and coupled on a m e m b r a n e 
or v e s i c l e . With water-in-oil m i c r o e m u l s i o n s , we 
have also produced photoinduced electron transfer 
from one phase to the other across the inter
f a c e . ' ^ Different charged interfaces are 
expected to affect the interaction of 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 
microemulsions is now under investigation. 

The sensitized semiconductor-electrclyte inter
face is another single interface that has 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 semiconductor. A 
model for this has been constructed usinj zinc 
oxide as a n-type semiconductor pictured at the 
bottom left of Figure i. and an adsorbed layer of 
dye as a sensitizer. 1 Such a cell has been 

This work was supported by the Division of 
Chemical Sciences, Office of Basic Energy 
Sciences, U.S. Department of Energy, under 
contract 1,0. W-7405-ENG-48. 
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Sensitized 
semi- H2o-<rP„ 
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0 2 + H 

Figure 1. Pnotoelectron transfer scheme. 
(XBL 774-4350A). 
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*See Abstracts. 

oil construction, as they 

An amphiphiIir tris(?,?'-bipyridine) ruthen-
HMI(;'+) derivative that is incorporated into the 
walls of phosphatidylcholine vesicles photo
sensitizes the irreversible oxidation of ethyl-
enediaiiiinelPtraacetate(3-) dissolved in the inner 
aqueous compartments of the vesicle suspension and 
the one-electron reduction of heptylviologen(?+) 
dissolv d in the continuous aqueous 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 across the vesicle walls. 
The results are inconsistent with a diffusional 
mechanism for electron transport and are inter
p r e t in terms of electron exchange. 
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The creation of artificial solar energy con-
version and storage systems that mimic the photo-
synthetic pathway has involved, among other 
approaches, the photolysis of water involving the 
mediation of two photosystems in the generation of 
reduced and oxidized species which ar'e the active 
components in the decomposition of water. Homo
geneous (aqueous) solutions of these components 
suffer from the basic limitation that the reducing 
and oxidizing agents can react with each other and 
thus no reaction can be observed. Several types 
of synthetic "photosynthetic membranes" have been 
suggested as a means of separating the two redox 
units and overcoming these fundamental difficul
ties. Recently, photosensitized electron 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 sepa-ation 
of the oxidized and reduced species. 

Pv 

j r ' 7 V 111 , p i 1 n 

i n t» i 1 ,H i' d !s 

' I't 
!' f ', >•.!,••" . I'.- •,,-, M O ; I ,; , > 
, jSS'"l !', Ji'lliT .11 i-d w i t h ]';>'' 

I.lllvf" iTiemhr.Hip .•(••. 11 lt :s. An .unph i ph i : ; 
t r is,. , .'' -h i ;> ;•-1 M »ir . k i,. ; * i u T p 1 >• i ; h 11 
:'i, n-|i„r,iti':i in:.' th.' w.l 1 K "I phnsp'l i I ! p ; ! ..-sl-
ilc". |ih(iS'i>..-riMi i/..-, the n. i n l m n nf K l l A d l •, -
solvf-: in tup inner .squrnus i o m p a r t m p n t s i th«-
vesi' 1 >• suspension and t.hp redu' t inn of ^nlnonr. 
dissolved in the continuous aqueous priasp. inirn-
tinnally ad led "lpmbranp-bnund electron .M<.>.\ prntjn 
carriers arc not rpquirrd tor electron transport 
across the vrsirle walls. Mechanisms for elwtrnn 
transport are considered. 

The photoinduced deamposition of water by 
using suitable redox catalysts needs further 
development. The reduction of water to produce 
H? is established; however, the complementary 
oxidation of water to Op is more difficult due 
to the need for a multistep electron transfer 
process. A cycle that involves the partial oxida
tion of water with the concomitant 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 :tre described. 
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MANIPULATION 
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Figure 1. Southern Cal i forn ia f i e l d s ta t i on , showing both E. lathyrus and £. J /n-uca l l i , July 1978. 
1XBB 780-12927) 

This work was supported by the Division of 
Biomass, Off ice of Solar Technology, U.S. 
Department of fnergy, under Contract 
No. W-7405-ENG-48. 
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METABOLIC REGULATION AND PATHWAYS IN GREEN 
PLANT CELLS AND LEAVES 

James A. 

Radioactive isotopes have made possible the 
charting of complex biosynthetic paths in living 
cells. Ultimately, all such paths begin with the 
photosynthettc carbon-reduction cycle, in 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 reduction in photosynthesis (Calvin cycle). 
Given l^CO? and "P-labeled 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 C0;> 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 transition from one state to another. 
Both radioactive ( 1 4C, 3 2 P , and 3 H ) and non
radioactive ( 1 SN) tracers have been used. The 
level 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 turnover. 

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 photosynthesis has been found 
to be regulated at several key reactions, includ
ing the initial carboxylation reaction and the 
fructose-l,6-bisphosphatase-mediated steps.1>2 

This work was supported by 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. 
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lU'ipr sites of rrqo'.ltion in :> t I'S ,nt Mr t i path
ways leading 1 com tin1 !MSI< i y> V 'uve been i ten-
tifled. c>uq.ir phosphates, 'inu1 formed v i ,\ I hr 
wilvin lyclr. < an he either converted to st.u M in 
the <"h Inropl ,ist s , in exported T rorr t tie I'lion -
plasts for subsequent ipnversion to suirose ." to 
proteins, 1'pids, ani1 ntner materials m the irtrn 
cells (Figure .H . • Nu< rose m higher plvits >s 
commonly translocated to ot tier- piant tissues .vhrre 
it may be rnnvet ted to many products or se(ono,iry 
biosynthps is . Among such proOurts, Mvdroc arh -ns 
and resins are of particular interest i" this 
laboratory because ot their potential .is lu;;is] 
fuels and chemical feedstor^s. Witnin t Mr or een 
cell, the distribution ot suq.io phosphates it 
sucrose as compared to protein and t.il . yntnesis 
is controlled to a large extent by the activi-
t I es of several rate-1imi11ng enzymes, includinq 
pyruvate kinase and phosphoeno1 pyruvate i arho-
xylase, both of which are cons i lerably iiotivated 
during photosynthesis by the presence ot i or ',' mM 
NHJ in the extracellular environment. In the 
dark with isolated poppy leal cells \ser below', 
activation of phosphoenolpyruvate carboxylase only 
was ieen,3 m contrast to earlier studies with 
the unicellular algae, Chlorella pyrenoidosa, 
where both enzymes were activated inTTqht or dark. 

As another approach to the study of metabolism 
and its regulation, both whole and isolated chlor-
oplasts and broken and reconstituted chloroplasts 
are examined. Comparison of metabolism of the1 

reconstituted (j_n y_Uro photosynthesis) system 
with whole isolated chloropUsts makes it possible 
to distinguish regulation mechanisms related to 
transport through the outer chloroplast 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 CO? 
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 (P,) stays con
stant throughout the light-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, Pi, and hexose monophosphates. 



Figure 1. The Reductive Pentose Phosphate Cycle. The 'lavy lines indicat-- reactions of the RPP 
cycle; the taint lines indicate removal of intermediate compounds of the cycle for biosynthesis. 
The number of heavy lines in each arrow equals the number of times that st<>p in the cycle occurs 
for one complete turn of the cycle, in which three molecules of LU1;' ar-e converted to one molecule 
of GA13P. Abbreviations: RuDP, Ribulose [.^-diphosphate; PGA, j-phosphoglycerate; UPuA, 
1,3-diphosphoglycerate; NADPH and NADP +, reduced and oxidi/ed n icnt i nami ie-adenine dinucleotide 
phosphate, respectively; GA13P, 3-phosphoglyceraIdehyde; [1HAP, dihydroxyacetone phosphate; FDP, 
fructose 1,6-phosphate; G6P, glucose 6-phosphate; E4P, erytbrose 4-phosphate; SOP, sedoheptulose 
1,7-diphosphate; S7P, sedoheptulose 7-phosphate; AubP, xylulose ri-phosphate; RSP, ribose 5-phosphUi-
Ru5P, ribulose 5-phosphate; and TPP, thiamine pyrophosphate iXBL /61i-96bOA; 

Figure 2. The "steady-state" apparatus--used 
for detailed investigations of the mechanisms 
and metabolic dynamics of photosynthesis. 

(CBB 784-4932) 

The observed rhanqes in metabolite levels iton! 
the whole chloroplast experiments were then 
applied to studies of reconstituted cnioroplasts 
and consequent rates of ADPG glucose formation in 
such preparations in the dark 4,5 W i t h the 
reconstituted system, changes in 3-phosphoglycer-
ate concentration and other changes known to occur 
between light and dark resulted in a 130-fold 
increase in the rate of ADPG glucose formation m 
the light as compared with the dark. Thus it is 
possible to explain the complete regulation of 
starch formation between light and dark in terms 
of metabolite concentrations known to change in 
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 durjng starch breakdown) and other sugar 
phosphates. 0 'n isolated chloroplasts, the OPP 
cycle stops at pentose phosphates, which are not 
converted to PGA. The PGA formed from 1 4C-G6P 
apparently came via the glycolytic pathway. In 
vivo, and especially under conditions of rapid 
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Figure 3. Metabolic pathways among subcellular organelles in gro'ii cells. Reduced carbon from photo
synthesis in chloroplasts is exported as triose phosphate, PGA and glyrolate. These metabolites 
are subsequently converted to other substances in the cytoplasm, peroxisomes and mitochondria. 
Abbreviations: PEPA, phosphoenolpyruvic acid; OAA, oxalacetic and; ASP, aspartic acid; ASN, 
asparagine; GLY, glycine; SER, serine; GLU, glutamic acid; GLN, ijlut.iminp; THFA-C, tetrahydrof oi lc 
acid bound to a one-carbon moiety; GIP, glucose-1-phosphate. F<v- other abDreviations, see Figure 1. 

(XBL 7710-1660) 

cell growth requiring chloroplast growth and Jivi-
sion ai. night, the OPP cycle could be expected to 
operate to produce triose phosphates while supply
ing NADPH for lipid synthesis. 

Another mechanism involved in the inhibition of 
the reductive pentose phosphate cycle and activa
tion of the oxidative pentose phosphate cycle in 
the dark was found to be HjO^ formation.' 
HjO? oxidizes the reduced factors involved in 
light activation. 

During the past three years, much work has been 
done with plant cells isolated from leaves.3.8,9 
These cells are kept under conditions in which 
they remain photosynthetically active for several 
days. Such cells are used in metabolic studies 
with labeled substrates. In addition to observing 
regulatory effects of externally applied NH4 
(mentioned above) we have initiated studies on the 
effects of plant hormones on the pattern of carbon 

flow from photosynthesis into biosynthesis. It is 
pxpected that one of the effects of plant hormones 
will be to influence the synthesis of enzymes that 
catalyze key rate-Ilmiting reactions in the meta
bolic pathways. For example, we observed a stimu
lation of CO? incorporation as well as glutamine 
synthesis when ?,4-0 {s applied to leaf-free meso-
pny11 eel Is." 

A factor in pine needles which prevents photo-
synthetic l^COj uptake by either isolated pine 
chloroplasts or isolated spinach chloroplasts con
taminated with pine chloroplasts was investi
gated. It was found to specifically inhibit fruc
tose and sedoheptulose bisphosphatases in the 
reductive pentose phosphate (RPP) cycle. It was 
isolated in small amounts, and was found to be 
lipid soluble, but extractable into alkaline 
aqueous solutions.IP 
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Isolated mesoph/ll cells from poppy were com
pared with similarcel Is in intact leaves in their 
ability to export ^t-labeled photosyntnates.^ 
It was concluded that, export or pnotosynthate from 
the mesophyl) requires intact symplastic Conner.-
t'ons. Although poppy cells U'apaver somn it eruni) 
could be isolated and maintained in an active 
state for several days, and were used for several 
studies, alttr.-idtive material was needed. During 
the past y-'tr, much effort was spent in dei.-e 'op nig 
methods to isolate and maintain cells from spinach 
(Spinacea nlerarea) leaves. Spinach plants re
quire no special "b tense to grow, .ind have the 
advantage that much more work has been done on 
their photosynth-H ic carbon -netabolism due to the 
ease with which spinach rhloroplasts can be iso
lated. Unfortunately, methods used for poppy 
cells didn't work well tor spinach, <>nd a great 
many variations nad to be tested and new 
conditions chosen. We Are now able to maintain 
isolated spinach ce'is in a photosynthetica 1 ly 
active forn, for several days, and they ^re being 
used for studies of amino acid biosynthesis and of 
photosynthe! u -ir.d photorespiratory metabolism. 

Also during the past year, the steady-state 
photosynthesis ipparatus has been improved to 
permit more experimentation with controlled arti
ficial atmospheres, such as those with enriched 
l.O? or reduced CU^ levels. Improvements have 
been made in ̂ COv gas storaqe, handling, and 
recovery to insure thdt ^ C O ? release to the 
atmosphere is reduced to zero. 

Steady state experiments with whole evergreen 
ash (Fraxuiijs uhdei} saplings we^e carried out to 
determine the translocation of labeled Sucrose to 
and out ot a wound. Sealing by rallose formation 
was effectively prevented by ethylene diamine 
tetraacetn acid, thus allowing sucrose exudation 
for- as long as -18 hours. Further studies during 
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1. THL REUULT1I/[ PENTOSE PHOSPHATE CYCLE AND IIj 
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James A. Bassham 
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ism and Related Processes," inc^c loĵ edj_a of Plant i tracts m ; i.ili'..; ion::. ;•.•-, ,i>ti 
Physiology, New Series, 'ol, b, M. Gibbs and E~. siribes the W T • i. , it-. -iLippnri, I' 
Latzko, eds. (Springer-Verlag, Berlin, Heidelberg, 
New York , 1979) i i l ' . r d nn l.- r. i n - i w i ; < :[,• i.-l in,-! aim I i t , - , T I 

(",*' 1 \ , i h ..,, p '. .r.t . , • 1 .-. . , ' ,, , ,.:j.j i i*. I nil , ,! ,, . v.,. 
The reductive pentose phosphate (RPP) cycle is 

the basic biochemical pathway whereby carbon di
oxide is converted to sugar phosphates during the ,'. ''•'• Wli A" !"'i "F I'Hi'.'i.'.Wttt r,:. '.A!'B:>N ML T/.BDi I-,M 
process of photosynthesis. This pathway is appar- AMI I'AKM ; ii.M'.i, '.', .-•:. L'f'. I",:M..M I 
ently ubiquitous in all photoautoirophic green 
plants. In some higher plants, there is „r addi- James A. !-.!•. ,>i.r-
t ;onal pathway (C4 cycle) via which COj is 
first incorporated into four-carbon acids or amino IJ1.N-UCLA S/iijpos MIKI on Mo ,--;:jl,j< ,md Collul,!, 
acids and is later released to be refixed via the Biology, Vol. !/., Modulation of Prntem Function, 
RPP cycle. This C4 cycle is not an alternative Tj. Atkinson m d L. Fox, fds. rAc.3,l«-rr:ir. Press, "New 
to the RPP cycle, but rather functions to utilize York, 19/9), pp. I 39-159. 
ATP from photochemical reactions to bring carbon 
into the chloroplasts where the kPP cycle is oper- The rate-limiting steps in the reductive pen-
ating. Information about the regulation of the tose phosphate cyr le ikPP Cycle) were identified 

*See Abstracts. 

21 

http://ini.fl


',• ! : ' ' i '••' ' ' i i , ' F .! ' : y.ir y , .1 f H!c t;vi) I ri'J ' j f 
' f i - ! ' ' ; • , , ! ; r , ' \ i v i ' ; t - t i P ' i v mn ip L | i > ' ! J t i . 

' - ' • • ; " > ' . ; . ' M {•• • •. f - r r ; "f '>'•!•,>• . w I ! It • •• t P I n ! 1 
] ' i : ; ! ' ! ; ih . • ; . • ] i l •• ( i ' , • ' i -M I t r.' 1 l on , Hid 1 ' n s 

: r I , ' • i ' ;" [ i! ir ; , i n ' r r ' i j i ! t •)! y ;n< 'i h,l r, l '.n; I n y 1 vo 
]•. r.> ' > i 11 - V • 1 . | / l l i | • • ' l i ' , , i ' < p ( H ' t i ' d L r i l l S I ' 
[I»I> .;>ii !'•• ". !r.i'i ', "n v.r!>-l v i .1 ph.isphorno 1 -
i1/''.. I :: i! PlP.\ 1: il-nno K i d s , Ial.lv .Kids, 
;n : .:h'-- • .,'•,: n; .-. i r'j.,i r.-.t I oi roll 'irowth. In 
: M O .• -;M; .I • [-'ll',, t Mi • ti ,o',r phos ph .11 (- is 1 ar rjr I y 
r - if ,.' • t' ••: •'• -_, ii' i •'•.'•, h'iK'i P. Loans IIK ated to 
otit-'O -i,jf:\ ot tho p l a n t . R.il''- 1 iml I inq s t e p s tor 
I.h'",i- in'.ui' oi ri'j pit.hwivs i rt i 1 u 11 • > p y r u v a t o k i n a s e 
•in' 1 PI PA r.ir'lnit/l.i','' .is *<•! I .v, s u c r o s e p h o s p h a t e 
synni.'t.is". 

'. -I IMIM A 1 ION Of DARK CO;- (1XAT10N BY AMMONIA 
I'-. ISOLMLH MLSOPHYll CELLS Of Papaver somnvferum 

k. i;. Ilammol, k. 1. Cornwell and J. A. Bassham 

I'iant and tell I'hysinl. ?0{6), 1.V3 (1979) 

Addition, of 2 millimolar ammonium ion to iso
lated mesophyll cells of Papaver somniferum 
resulted in a 3-fold or greater increase in their 
rate of dark ^C fixation, while even O.i 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 
ion 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. 

'.miii",1.. :'ui- to t'v '! ..••-,,'.; i'.fn.nii).' transport 
rea. turns, tho l.v.jr .lllh-ni'if fo;„ron the trans-
rfii lopo Muii .'nt'Mt inn gradients if 3-phnspho-
'11 yi frail'. -I i h , !i ., xytico t one phosphat'1, ano ortho-
pi,osph<ite wfin'i o*ist \r the hoht, is completely 
abol'shed iitor .' tn .-. iti i n ..* ̂ s ir the da rk. 

The kmrtifs an-: the magnitudes of the changes 
of metabolite concentrations during the light-dark-
light c-'do are compared to the kinetics of starch 
formation, and their relevance for a possible 
light-dark regulation of starch synthesis is 
discussed. 

!i. LIGHT-DARK REGULATION Of STARCH METABOI , , ;M IN 
CHLOROPLASTS: II. EFFECT OF CnLOROPLASTIC 
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 P ^ C ] 
glucose 6-phosphate and of ATP formation by the 
soluble fraction of lysed ch '-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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4 ,. .-,_ * r- f, r-p ^ ,h' h • -, •; t ht s r e t ' —r 
• K . '*• "-• L r ••^'•'.V.:', , .'. T , »t.-< .'OP- ; .. \i '.«-,>• 
' ' •••" " r ", ' • ) ' • . ' , . 

f ' r ( t r * V.r''. f • : 'H p>n<\p*'.r. '• •'• "f v ' 
/•.'%•-, -,ph .;',•:.•• at . -I ^f . .1 iha^ge T A", r ,• 
V .• • -r '••••,r '. ; <n^ r ;1 A f>., i n i:nme.v ,i* .• •'. - ? 
: • f ': T'-r.-j.,,. -.- •!,,, i.,;,. , t ;,,•"[•-g:„: •. i- • - i - i 
'.',!'•. Ar..;{ he*' si'jr:'' "art '.t ' "•.( 1 Jt i on .•' A.i; 
^' .* :"'\r f.T-T.'t o n at>ri,i ''»- t r 6-frij ". . r '. i • nr : 
.l ite r *"11lt^-'-, r.t :; • t M . t'ire'! M .It T :]h , ' • < " -
*'"V "prs , [>0 rrŷ  . A >. in., 11 aneeus mcp.v,,. • <• t •*. 
, >"r en: rat ' 1ns .'' .<-ph"«,phpn ! > erate, ATP, an.i 
.! 11^'"t''•'e'* o I , nK'i .''t hophp^phate And w.j- * 
;p'n;j firstant -it i i"] ^ ~^ ( respective!,, . ,i.,'.", 
i ;3!..-fn!d I U C ' O J W ' r the rate of AQF-j'ui-p'.e 
formation (1 rom '\r<l.~ t:- '-.flQ microgram at.im', 
ca^^on pe'" - i • ! i :;•• > • f h ' "iroph y ) 1 PP'" hour '. 

'•le '"Mr of !' ->o ano other factors is :1is-
cussod »it h '-f-sppc; to 'ight-darV regulatii" -f 
si V '". *..*:'̂ :r.'.v- ii • rl <v '. ( h lorrrpl as!'. . 

6. L. AH BON MflASOLISV 'Jl . ' H L O H O P L A S T V i\ Tni 
DAkt.: OX'iLiAl'At Pi'.TuSL t Y U i V t r-.Si:S GLY'(!,.»'h 
PATHWAY 

w. M. Kaispr- and J. A. basshan 

Plants ]_!_«, 193-/00 .1979; 

The conversion of U-labeied [}^Zj qlucuse-6-
phosp'iate into other products by a soli.ble frac
tion of lysed spinach chloroplasts has been stud
ied. It was found that both an oxidative pentose 
phosphate cycle anj 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 glycolytic reaction 
sequence incluGing 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 lack in transaldolase 
(or transketolase) activity, but because of m e 
high concentration ratios of hexose monophosphate/ 
pentose monophosphate 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 PEROXIDE 

Werner M. Kaiser 

Planta 145, 377-382 (1979) 

Hydrogen peroxide (6 x lO" 4 M) causes a 90% 
inhibition of C02-fixation in isolated intact 
chloroplasts. The inhibition is revers ^ by add
ing catalase (2500 U/ml) or DTT (10 mM). If 

p . S T I MIJ I AT 11 if, ::l I l ^ IN. i . iPS'Uf-A! ! i )N . ,N | , 
b l u T A M I M j Y N T h l - . ; • • . H i , , • : - ! > i !< i 'Mu I U \ r l , : r | •, i . ' j N', 
, L A F - F R L L Ml N O P M , i i< , i : , . 

J . :>. P a u l , ' i . J . M'nhnt" ' a m i . . . A . l ia , i , r i , i r r 

Plant be i . ti-tt. lb, 17-/4 (19/9) 

Addition of c,<)-|i to mtsophyll cells isolated 
from t ives of Papaver somniferum resulted in a 
significant increase in photos ynthet i > CO-) 
lncorpor'at ion as well as a stimulation uf tjluta-
mine synthesis. Lvidence is presented that the 
rise in glutamic is due to increased reduction of 
nitrate to airmonia. 

9. RELEASE 01 PHOTOSYNTHATCS FROM MESOPHYU CELLS 
in v_i_t_ro AND i_n vivo 

W. M. Kaiser, J. S. Paul and J. A. Bassham 

I. Pflanzenphysiol. Bd̂ . 94, 377-385 (l n79) 
Isolated mesophyll cells from Papaver somnj-

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

compa id for their ability to export ^C-labeled 
photosynthates. 

It was found that under isotonic conditions 
isolated mesophyll 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 small 
illuminated leaf area was exported into the sur
rounding tissue, which was kept in the dark. The 
main exported products were the free sugars 
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I • I )*.:-. • :> r , i - : | i . ' ' h | . n ' n p h / l I i n n t i T i t ) p r o d u c e d b l r t 

• (- ! IP i ' i o n i i ! [ o t l « . l ! l o n by t h e ' . p i n . u h 

\ ! . p ! ;-'. .,t t : > it I.IM ••! ' ' ' l - l.ll)t'l|i(l i:0;< b y 
\pi'">l>'i , tiin'-npt ;isls v.er- carried out in which 
ift-r '-. miii phi'l is ynt hi". , s the pine chloroplasts 
rtfrv elded, it wL1 s t ir'il that the subsequent 
inhibition ii* spin.eh i M fixation was due 
neif.he- t.i anv effect on the rate of export of 
photos •,"• '• • • t i metabolites t,-om the chloroplasts 
to the mi..|ium, no>- to a . ireft effect on the RU8P 
arbo«.ylaso le.utton. The principal effect was 

M u m ! to be an inhibition of the conversion of 
fructose-1,b-bisphosphate and sedoheptulose-1, 
/-bisphosphate to the respective monophosphates 
and inorganic phosphate. From this finding it was 
concluded that a principal effect of the inhibi
tion by pint CMloroplasts is probably an inhibi
tion either ' -ectly or' indirectly of the bisphos-
phatase enzymes in the spinach chloroplasts. From 
its distribution between organic and aqueous 
acidic or neutral solutions, the inhibitory factor 
of the pine chloroplasts must be lipophilic. Most 
of the factor could be transferred to an aqueous 
phase in a strongly alkaline solution. Following 
..uhsequent acidification of the aqueous ph„se the 
activity 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 subsequently fractionated by 
thin layer chromatography. UV absorption was 
found in two fast-moving spots and at the origin. 

„ n i • . - ' , - r i- p. I f I'' s i P ' ' ' • ' , )ne ' ' " o ^ , ' ' J ' i : 
« ' . ' ' ; • . :• ' ' ' ' H > ; n ' h t ' ' o r ~ i'f ad- ros i ne 
• ' - ! • i p ' - . s p - • ' , - . ' M s p r i e s ' , i s " l e ' l d U ' d by a 
' ' " ' J - ' I i ' " / / " i f . A n i u t i r t Has b e e n * . j n d t t i j t , 
, ' . : • • • V i " „ ' " , t y p e , . ' I I U 'j ,1 n t I t .>. I 1 v • ' y C i ' l K H ' l 
;'. , ' , - -. " i n : ' !, , I<. u n i q u e s t , i r s o U l t -
- - : t ' - " ' . t ' ' . ' ' ' . . l p i t i l i - f j t l i i / i n q t h e ' " J U J -

. - i • • • ' • - : • I " \ r , M *-', , - • , . p r i - s e n t t ' d . M e t a b o ' i s r r 
' , : . ' . - ! . t * , i * i ' : \ : - ' . i n }r)',; t- l ' i a r f ' / 1 ' ^ -

' if 10" ' J' i i ' ' I ' I I . The ' . ' . . ' i a t t l ' l u tan t s f a i " 
d • n ;*. i p p c v !• .i j n . : , i t t ' y i j c o n a t i . 

i ner j i • i o l i i ! 
f t l ' s v New Yr 

in I rhot"Sjmthi ; i' ',spei.ts of 
i, A. 'an Pietro, ed. (Academic 
in press ' 

T fit1 [lurposeful gr-owing ot plants for energy 
."energy t.vnung"; offers certain advantages. Such 
as ease of transfer of existing technology and 
storage of product, but is limited by solar con
version efficiencies. A practical upper limit to 
energy conversion efficiency is 5 to 6%, whereas 
most agricultural crops show a O.i 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 wi.h 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 
pljnts such as water hyacinths. 

,3. FEED AND FOOD FROM DESERT ENVIRONMENTS 

J. A. Bassham 

In: The Bicsaline Concept, An Approach to the 
Utilization of Underexploited Resources, A. 
hollaender, J. Aller, 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 elements 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 NATl'RAl. PRODI ( I S 

. ' S , " t ' l f 

/ / r - i n A ' . . w , 

"••,'. •••*.<. are !*- ,"• : • r ... .. , : t . 
spr. U's i nvc'.*. ' ; i t '• •. •"•': n, 
rtU.'.'r ' ,1s oa »e f v.' ' ' . .••.•' . ' 
C ine , t he 1 r r o l e m t hr p ' . i n ' 
--emains obscure . ' ' ' " . Libe.".! 
d e t a i l e d s tudy , j s i n g r,iL;in.ic 
of the format ion and f .nct i >r 
opium poppy and N w e t M r , * <.p.-,- i r 

r 
I ,jii ' ' . .1' 

ppl i , i t nm • " • 
' s ec enemy \ t i 
t o r y has under 
t i ve / arpen d 1i 

f a l k a l o i d s i 
1 

These s t u d i e s have . l ^ spe ' l ed t *-«• n t i . . r p 
t i e a l k a l o i d s .ire merely lea ! - r " d • : " ' • . w e p-1 
u c t s . For e x a n p l e , do novo s y n t h e s i s if the: 
occurs in less than .id mi nu t e s - -n ir et i n t. i r ] 
m i n u t e s . T he b i o s y n t h e t i:' s.'Liuen: . ! . nnr-ph 
has now been e s t a b l i s h e d pai k f i v e s t e p s , v i . 
r e t i cu 11 ne-* thebaine-»neopi none*code inont*+;odi 
m o r p h i n e . ' ' ' ^ A l s o , the nonspeo i f K" 11 y of 
the enzyme systems has been demonstr11 ed b 
b i o s y n t h e t i r conver ' , ion .if ^ d e i n r me' l - ' 
ar m n a t u r a ! cottpound, to code ine . R 

me 
v t h 
•tin-

y use of 
q - . b i o s y n t h e t i c a 1 l y syn thes i zed ..ompounds L > . 

m o r p h i n e ) , the t u r n o v e r an.! m o t a b o l u f a t e 
these a l k a l o i d s are be ing s t u d i e d . Morphi 
though t to be the f i n a l p roduc t in the seq 
is i t s e l f me tabo l i zed to normorph ine , amon 
p r o d u c t s . 

ne, 
uenc 
g ot 

In N i co t i ana, the b i o s y n t h e s i s of n i c o t i n e has 
been shown to be q u i t e complex, w i t h p robab l y two 
pathways i n v o l v e d . F u r t h e r u n d e r s t a n d i n g of these 
pathways i s be ing pursued by s h o r t - t e r m k i n e t i c 
s t u d i e s w i t h s e e d l i n g s and w i t h c e l l - f r e e sys 
tems. N o n s p e c i f i c i t y of the a l k a l o i d - s y n t h e s i z i n g 
enzyme system has been demonst ra ted aga in by f o r 
ma t ion o f n i c o t i n e analogues f rom u n n a t u r a l p r e 
c u r s o r s of the p y r r o l i d i n e r i n g . 

Cur ren t emphasis is on aberrant a l k a l o i d b i o 
s y n t h e s i s , me tabo l i c f a t e of the a l k a l o i d s in the 
p l a n t , and a l k a l o i d b i o s y n t h e s i s w i t h c e l l - f r e e 
i J ..terns.4 

B. P l a n t B i l e Pigments 

P h y c o b i l i n s . Algae c o n t a i n major a u x i l i a r y l i g h t -
h a r v e s t i n g p igments known as p h y c o b i l i n s . These 
p i gmen ts , which are e s s e n t i a l f o r e f f i c i e n t pho to 
s y n t h e s i s i n the a l gae , c o n s i s t o f b i l e - p i g m e n t 
l i k e chromophores c o v a l e n t l y bonded t o p r o t e i n . 

* . .11 ' 
t r i t 1 To 1 v III-V. 
met ho.io 1 inly , 

i'P1 

rhrr- ;. ,i . .md L'fi.'yr' -
met h.>.!••. ! >...•.. ;>> ,. • • ' •>••. v 
' - • - . ' . ' • : • • • • • " . ! " • ; : :• . n . , ' ! > ! , • • . . • • • ; 

pep: i !•' i " ' . • . : • ! i :.-.; \M.- , —i[..i-- I M H . < . , " -
t h r t 1. pup.! i 1. :' • • ! ! , ' • • " ' • -i-'pi-pt ' I r , " '. •• 
,namM.].,Oi.'. '.!•- i : .• i ' v.- i. j " --=. • ! : •'•!• ;•• • .jr' ••• 
,is i t ,~ , ic t - . • I>L. . ' . .-•! ' ,• : , : . ; • , : . I», i •, >•]•, . | ' : r , i : 

I.eon dun, ! ,» .mi .it ! lie p'\.-,t *••: :t .•,••.' i|\', •' 
- pliyc0. v l l ' i f l , t In' :• i - in ' t , in,I we p ! e ' t. ' 

,ipp 1 . t li : • met h. ' v t ! ' i f t !Hi! ;- , i ' i t - . . 
' ' i n i l . i i ' t r . i r ! ,•• s ! :.;.'!•••• w ; ' 1 I ' 1r.ni w : I h t 1 

I " .nld H lor t. I 1 ' " . , ' • ' :< •-.,'' 
a lso seek ing \ t . » i ' o » i r r i . ; ! ,) i t 
p i g m e n t - p e p t i c h i n 1 . * ; I n t i n 
s h a l l then un.ti. .-take s y n t h . ' t i i 
t u t e the chromopept i d i ' and Jof i 
s t r u c t u r a l f e a t u r e s . r i p . l r e d f , 
harves t i rig p i ,mon t s . 

1 lal l , we i re 
nn : ho r.v. i \ onl 
' nt OITM'L I on we 

' Ik to recnns t i -
' the minimum 
these l i q h t -

• 1 1 p lan t Phytot t i t i ime. I h v , mnrph.iijon i. .i 1 
chrnmopro te in > •, i n t i m a t e l y inyo. lyed m l i i .Vvr 
cpmental aspects of p l a n t g r o w t h . Because -if U s 
complex and s e n s i t i v e n a t u r e , i t has a l so e luded 
unambiguous s t r u c t u r a l ass ignment . However, the 
data o b t a i n e d so fir i n d i c a t e i t is s i m i l a r to the 
p h y c o b i l i n s . We have a p p l i e d our new s t r u c t u r a l 
methodol i 'iv to t h i s e x t r e m e l y impo r t an t p l a n t 
pigment as we l l and have e s t a b l i s h e d the s t r u c t u r e 
of the phy tochromoundecapept ide . 

Phytochrome is a r e v e r s i b l e b i o l ' c j i c a l s w i t c h 
The a c t i o n of f a r red l i g h t causes i t to change 
f rom the i n a c t i v e PR form to the a c t i v e Ppp 
fo rm. The two most reasonab le hypotheses f o r i t s 
mode of a c t i o n in the Ppp form are th rough gene 
a c t i v a t i o n or by a f f e c t i n g membrane p e r m e a b i l i t y . 
However, s t r u c t u r a l i n f o r m a t i o n on e x a c t l y what 
changes accompany the t r a n s f o r m a t i o n to the PpR 
form is t o t a l l y l a c k i n g . We p lan to p r o v i d e t h i s 
i n f o r m a t i o n by a p p l y i n g our s t r u c t u r a l methodology 
to the PpR fo rm. 

Th i s work was suppor ted by the D i v i s i o n of 
B i o l o g i c a l Energy Convers ion and C o n s e r v a t i o n , 
O f f i c e o f B a s i - Energy Sc iences , U.S. Department 
o f Energy, under Con t rac t No. W-7405-ENG-48. 
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CELL-FREE SYSTEMS FROM PAPAVER SOMNIFERUM AND P_. 
FJRACTrvATUM 

C.C. Hodges and H. Rapoport 

Phy tochem is t r y 19, in press (1980) 

C e l l - f r e e e x t r a c t s have been p repared f rom 
Papayer somni fer i jm which pe r f o rm t he r e d u c t i o n o f 
[ 1 6 - 3 H J codeinone to code ine . Methodology o f 
q u a n t i t a t i n g t h i s conve rs i on has a l lowed c o n d i 
t i o n s f o r p r e p a r i n g the enzyme e x t r a c t s to be 
e x p l o r e d . From P^ b rac tea tum a c e l l - f r e e system 
was a lso prepared which reduced codeinone to 
code ine , bo th of which are a l k a l o i d s f o r e i g n t o 
t h i s spec i es . 

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

J . C . L a g a r i a s , A .N . G l a z e r , and H. Rapoport 

J . Amer. Chem. Soc. 1 0 1 , 5030 (1979) 

The sma l l es t cyanogen bromide f ragment d e r i v e d 
f r om the S - s u b u n i t o f Synechoroccus sp. 6301 
C-phycocyan in , the b lue hep tapep t i de £ , has been 
i n v e s t i g a t e d by 360-MHz *H NMR spec t roscopy . 

The p e p t i d e p o r t i o n , hep tappp t i de 3 , was syn the 
s ized i ndependen t l y and used in compara t i ve spec
t r o s c o p i c a n a l y s i s . These s t u d i e s have led to 
complete assignment of the s t r u c t u r e o f the 
p e p t i d e - l i n k e d p h y c o c y a n o b i l i n and e l u c i d a t i o n of 
the na tu re of the t h i o e t h e r ch romophore-pep t ide 
l i n k a g e . 

6 . CHROMOPEPTIDES FROM PHYTOCHROME. THE 
STRUCTURE AND LINKAGE OF THE P R FORM OF THE 
PHYTOCHROME CHROMOPHORE 

J .C . Laga r i as and H. Rapoport 

i L Amer, Chem. Soc. 10?, in press (1980) 

The i s o l a t i o n and chromographic p u r i f i c a t i o n of 
ch romopho re - con ta i n i ng p e p t i d e s f rom the PR form 
o f phytochrome t r e a t e d w i t h peps in and t h e r m o l y s i n 
are d e s c r i b e d . From the amino a c i d sequence and 
'H NMR s p e c t r a l a n a l y s i s o f p h y t o c h r o r o o b i l i -
undecapept ide 12), the s t r u c t u r e of the PR 
phytochrome chromophore and the n a t u r e o f the 
t h i o e t h e r l i n k a g e j o i n i n g pigment to p e p t i d e have 
been e s t a b l i s h e d . C o n f i r m a t o r y ev idence was 
ob ta ined f rom s i m i l a r a n a l y s i s o f phytochromo-
b i l i o c t a p e p t i d e (3_). The i m p l i c a t i o n s of t h i s 
s t r u c t u r a l assignment w i t h r e s p e c t to the 
mechanism of the PR to PrrR p h o t o t r a n s f o r m a t i o n 
is c o n s i d e r e d . 

•See A b s t r a c t s . 
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BIOPHYSICS 

Mrlvin f. Klein 

^p<-\*',r r i>; r-oorgan • sms ran reduce atmospher ic 
d i n i t r o q e n ,' N^ tn tn ampior ta in a process known 
as n i t r o q e n f u a t i o n . In f a c t , b i o l o g i c a l n i t r o -
qpn f i x a t i o n is r e s p o n s i b l e f o r 721 of the f u e d 
m t r o g p n input to the aqr l c u l t u r a l s o i l s of the 
e a r t h . I t t h e r e f o r e p lays a c e n t r a l r o l e in the 
q ' n b a ' n i t r o q e n c y c l e . Ca ta lyzed by the enzyme 
system n i t r o g e n a s e , n i t r o g e n f i x a t i o n p rov i des a 
pool nf aumonia which is used f o r the s y n t h e s i s of 
b i o c h e m i c a l l y v i t a l n i t r o g e n - c o n t a i n i n g com
pounds. In a d d i t i o n to reduc ing n i t r o g e n , the 
r i t r o g e n a s e system evo lves hydrogen. When coup led 
w i *h p h o t o s y n t h e s i s , as o f t e n occurs in n a t u r e , 
t h i . remarkab le system uses s o l a r energy to f i x 
n i t r o g e n , produce hydrogen, evo l ve oxygen, and f i x 
ca rbon . A deeper unde rs tand ing of t h i s system 
promises to o f f e r sugges t ions on how s o l a r enerqy 
may be conver ted i n t o f u e l , f o o d , and f e r t i l i z e r . 

N i t rogenase is composed of two i r o n - s u l f u r 
p r o t e i n s . The l a rge r c o n t a i n s 1-2 molybdenum 
atoms and a p p r o x i m a t e l y 30 i r o n and 30 a c i d l a b i l e 
s u l f u r atoms per 220,000 d a l t o n s . I t is known as 
the Mo-Fe p r o t e i n . The sma l l e r p r o t e i n , known as 
the Fc component, c o n t a i n s 4 i r o n and 4 a c i d 
l a b i l e j u l f u r s per 60,000 d a l t o n s . Both p r o t e i n s , 
ATP, a d i v a l e n t meta l atom, and a s u i t a b l e reduc-
t a n t must be p resen t f o r s u b s t r a t e r e d u c t i o n . 

Two unso lved ques t i ons are the o b j e c t i v e s o f 
our r e s e a r c h . The f i r s t concerns the r o l e o f the 
Mo atom, e s s e n t i a l not o n l y f o r n i t r o g e n a s e but 
f o r a l l enzymes which o x i d i z e or reduce n i t r o g e n . 
The second q u e s t i o n is d i r e c t e d toward an e l u c i d a 
t i o n o f the i n t e r m e d i a t e s whic i i may be p o s t u l a t e d 
to occur on the pathway between Nj and NH^. 
As none o f them are observed in a c t i v e enzyme 
p r e p a r a t i o n s , t hey must remain bound to the enzyme 
u n t i l the r e d u c t i o n is comp le te . 

We have been s t u d y i n g the molybdenum s i t e s in 
n i t r o g e n a s e by x - r a y spec t roscopy us ing the syn 
c h r o t r o n r a d i a t i o n emanat ing f r om the SPEAR s t o r 
age r i n g at SLAC, at t he S t a n f o r d Synchro t ron 
R a d i a t i o n L a b o r a t o r y . X- ray spec t roscopy p rov i des 
i n f o r m a t i o n on the o x i d a t i o n s t a t e s and on l i g a n d 
symmetry and s t r e n g t h s f rom the p r e c i s e energy and 
f e a t u r e s at the K-edge of the atom under s t u d y , i n 
t h i s case Mo. The o s c i l l a t o r y modu la t i on o f the 
x - r a y a b s o r p t i o n c o e f f i c i e n t at h i ghe r e n e r g i e s , 

Th is work was suppor ted by the D i v i s i o n o f General 
L i f e Sc iences , O f f i c e o f Bas ic Sc iences , and the 
D i v i s i o n o f B i o l o g i c a l Energy Convers ion and 
C o n s e r v a t i o n , O f f i c e o f Bas ic Energy Sc iences , 
U.S. Department o f Energy, under C o n t r a c t 
No. W-7405-ENG-48; and by t h e N a t i o n a l Sc ience 
F o u n d a t i o n , Grant No. PCM 7812121. 

the [XAFS, can lie F nur i e r - 1 r . inst nrnuM to y i e l d a 
r a d i a l d i s t r i h u t i n n f u n c t i o n q i v i n q the apparent 
d i s t a n c e s to the l i q a n d . A more d e t a i l e d a n a l y s i s 
ran p r o v i d e accura te d i s t a n c e s , and the numbers 
and i d e n t i t i e s of such l i q a n d s ran be f r e q u e n t l y 
i n f e r r e d . 

We have determined that the Mo in the Mo-Fe 
iumponenl of n i t r o q e n a s e has about t h r e e S atnms 
at ?.37 A and th ree Fe atoms at ?.n A. We sought 
cha.iges in c o o r d i n a t i o n about Mo by expos ing the 
Mo-Fe component to N>, but to w i t hi•« our i1etin -

>ince i t is t i o n l i m i t s found l i t t l e change . ' 
not known i f the i s o l a t e d Mo-Fe component b inds 
S u b s t r a t e , t h i s f i n d i n g is nut s u r p r i s i n g . 

Th is q u e s t i o n , as w e l l as tha t of toe na tu re of 
i n t e r m e d i a t e s , is be ing addressed by NMR spec
t r oscopy . In a d d i t i o n to the n a t u r a l s u b s t r a t e . 
No, i t has been found that many o the r t r i p l y 
bonded compounds ^rt} reduced by n i f r o q r ' M s e . 
C^Hp is redij( ed to a T-.H^ and 1i>rm'. the bas is f o r 
enzyme assay. We are us ing h ig l i r e s o l u t i o n NMR in 
the l i q u i d s t a t e to de te rmine the b i n d i n g con
s t a n t s of gaseous s u b s t r a t e s , ard in the s o l i d 
s t a t e to probe the i d e n t i t y of ' n te rmed ia t .es . 

For these purposes we have r - r e n t l y completed a 
m u l t i n u c l e a r NMR spec t rometer u s i n g a 63 k i l o q a u s s 
supe rconduc t i ng m a g n e t . ' This spec t romete r i n 
co rpo ra tes a number nf f e a t u r e s s p e c i f i c a l l y dp-
s igned to render i t a p p l i c a b l e to the s tudy of 
b i o l o g i c a l m a t e r i a l s . I t ope ra tes w i t h h igh 
s e n s i t i v i t y i n the F o u r i e r t r a n s f o r m mode and is 
capable o f p e r f o r m i n g double resonance and 
m u l t i p l e - p u l s e expe r imen ts , a l l under computer 
c o n t r o l . The d e d i c a t e d NMR computer i s a l s o 
i n t e r c o n n e c t e d to the L a b o r a t o r y ' s c e n t r a l 
computer sys tem, where ve ry l a r g e i n t e r a c t i v e 
computa t ions can be execu ted . Of p a r t i c u l a r 
i n t e r e s t has been the development o f two -d imen
s i o n a l NMR spec t roscopy which i s capab le of 
p r o v i d i n g NMR spec t ra w i t h h i g h e r i n f o r m a t i o n 
c o n t e n t . ' 

Pho tosyn thes i s p r o v i d e s a model f o r the u t i l i 
z a t i o n o f s o l a r energy to s p l i t water t o p r o v i d e 
reduced subs tances , u s e f u l as f u e l or f o o d , and 
mo lecu la r oxygen. This process is p o o r l y under 
stood at the mo lecu la r l e v e l . I n the w a t e r s p l i t -
t i n g r e a c t i o n i t i s known t h a t m e t a s t a b l e i n t e r 
mediates are produced f o l l o w i n g l i g h t a b s o r p t i o n ; 
manganese and c h l o r i d e ion are i m p l i c a t e d as 
e s s e n t i a l c a t a l y t i c c o f a c t o r s . We are us ing 
seve ra l new b i o p h y s i c a l t echn iques and approaches 
to e x p l o r e the r o l e o f these and o t h e r elements 
t h a t p a r t i c i p a t e i n t he w a t e r - s p l i t t i n g r e a c t i o n . 
In p a r t i c u l a r , the Mn s i t e s , h e r e t o f o r e i n v i s i b l e , 
are be ing s t u d i e d by x - r a y a b s o r p t i o n spec t roscopy . 
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3. I . CONFORMATIONAL ANALYSIS OF CYCLIC PCPTIDFS 
I I . MULT[NUCLEAR NMR SPECTROMETER FOR THE 

STUDY OF BIOLOGICAL SYSTEMS 

Wil ly Chao-Wei Shin 

Ph.D. Thesis, Universi ty of Cal i forn ia (1979), 
LBL-10097 

A systematic approach to the employment of ̂ H 
NMR data to the analysis of the solut ion confor
mations of small polypeptides is out l ined. Two-
dimensional homonuclear J-spectra along with the 
corresponding 45° projections and contour maps 
s impl i fy the task of homonuclear decoupling ex
periments, and the assignments of l ines is made 
very stra ight forward. The v ic ina l couplings that 
are l i k e l y to vary as the conformation changes are 
then examined. Spectrum simulations coupled with 
x-ray data for model systems allow the formulation 

of Karpljs ro'at mn'.hips f.i'- t hp v u 1 n,i i i rnj-
plings, and solution conformations nay then bn 
inferred. 

This approach tn conformational analysis was 
applied to an examination of the tietal affinities 
of eye 1<I-[-,- ' 4-f< -ami noet hy 1 j -phonyloxypropanoyl 
I-prolyl^] and cy_c ln-[3-('l-S< -N-methy 1 aminoethy 1) -
phenylnxypropanoyl-L-prolylJ. The NMR data 
revealed that the metal affinity of the former is 
probably a result of the oripntation of both 
carbony! groups towards the same face of the ring; 
the sharply lowpr affinity of the N-metryl cyclo-
peptide for divalent rations is likely a result of 
the carbonyl facing opposite sides of the ring. 

Part II of this thesis describps the design 
approach, major construction details, and the test 
and characterization procedures associated with 
the construction of a broadband multinuclear NMR 

*See Abstracts. 
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absorption edgp, the osr'llatory portini. of tne 
absorption coefficient, which has been iabeled 
extended x-ray absorpt lon fine structure (EXAFS), 
can be analyzed to provide a local radial distri
bution function around the element being studied. 
XAES and EXAFS data provided information about 
both systems studied in this work. 

The As-F distances obtained for AsFj and AsFj 
gas are both in excellent agreement with electron 
diffraction data (within 0.004 A ) . 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-

tompetor 
1 . ' ° - 6 0 ° . -
t " 160; 
Spec t r n s i 
s i r 1 ] a r t 
. l v 1 the 
deter tod 
w e l l as in 
va 1 ijps f n r 
T ' - .v is i t ion 
p t e n t i a l 
These are 
i n i n t e n s i 
t h a t the f 
in the met 
the f u t u r e 
po ten t i a l 
the MI t r a 
t e n t wi t h 
n i t r o n e n d 

v v ' i f . ! • ' : ! • >! i "• • P t h e ' v .n r jp t -

; i ; t hr i''"l !• •' jmtiPi- dens i t y a s c e r t a i n e d 
P ' r a l \ S'I.'WS i t i - lp. ' rat ,t'e dependence 

tha t ' I '^i^. j '-ec .]r iv in iptr i r a l 'y; and 
H e r t s of phasp s e p a r a t i o n have been 

'•i - , ' 5 , 1 - 197 K) in the d e n s i t y as 
the Rb-N d i s t a n c e as a spread of K-edge 
the two c o e x i s t i n . l i q u i d phases. 

{}': appear to be very s e n s i t i v e to the 
in the neighborhood o f the adsorber , 
absent in the pure meta l s and i nc rease 
t y near the MI t r a n s i t i o n sugges t i ng 
i na l s t a t e l e v e l s f o r (1) are broadened 
a l . These- t r a n s i t i o n s cou ld be used in 

to develop t h e o r e t i c a l models f o r t he 
n the neighborhood of the adsorber near 

m s i t i o n , but a l l models must be c o n s i s -
a s o l v a t e d spec ies where the m e t a l -
i s t a n r e is c o n s t a n t . 
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t heriiiHlvna'Tiic equi 1 i t r luri are 
n i^ . js * ' ,jr t ja 11 ons f rom e q j i -
* s r ^a - systems, the f l u c t u a -
, - , . r? ( . . n ^ can be used to s tudy 
he sys t t " " w i t h o u t i n t r o d u c i n g 
j r h a t i ' ^ n s . The mean squared 
t i d e r o n t a i n s i n f o r m a t i o n about 
of the system. The c h a r a c t e r -
' l u c t u a t i o n a u t o c o r r e l a t i o n 
k i n e t i c i n f o r m a t i o n . 

The f l u o r e s c e n t dye e tn i - i i um bromide is es-
p 0 ' " i a ' ! y j s p f j l as a probe of DNA because the 
f ^anqes "-̂  the f l u o r e s c e n c e p r o p e r t i e s of the dye 
upon b i n d i n g to DNA g r e a t l y enhance the e f f e c t o f 
spontaneous f l u c t u a t i o n s in the p i n d i n g e q u i l i b 
r i u m . An a u t o c o r r e l a t i o n f u n c t i p n is o b t a i n e d 
f rom as few as 5000 dye m o l e c u l e s . Th is s e n s i 
t i v i t y makes smal l reg ions of i n d i v i d u a l c e l l 
nm l i a p p r o p r i a t e o b j e c t s fo r s tudy . 

A l l the measurements desc r ibed employ a l a s e r 
beam focussed to d imensions of the o rder of one 
m i c r o n . Knowledge o f the beam r a d i u s is c r i t i c a l , 
and a new method f o r i t s d e t e r m i n a t i o n i n s i t u i s 
r e p o r t e d . 

Exper iments are desc r ibed employ ing w e l l -
c h a r a c t e r i z e d DNA p r e p a r a t i o n s , i n c l u d i n g c a l f 
thymus DNA, SV40 ONA, and c a l f thymus n u c l e o -
h i s t o n e p a r t i c l e s . Measurements made in smal l 
r e g i o n s o f i s o l a t e d c e l l n u c l e i and on n u c l e i J_n 
v i v o are d e s c r i b e d . These data i n d i c a t e t h a t t he 
s t r e n g t h o f dye b i n d i n g inc reases in n u c l e i 
i s o l a t e d f rom green monkey k idney c e l l s when t he 

i ) *n!»-.•) ' t . t Mr app ' " i t ; ' o r o f ' : - , ,o '-o-, . • 
( o r r , ' K i t i o r spot t f ' , i . ' " n p v , t ^ Til',) •,:]»>' t ' !( ' M> ' t -
, 1 ' f f t j r , , on r o p f t i , i p'i r s an< ! .v. p f a o p i i n ; o n ! r \\ ' ^n 
p f t ' 1 ,,-..-,-.. p r * -v ' , . : , ] , . . . " i v o l j m r I t ' t o r - r r i fUMt (• 
.1 f n r " i j ssp-1 l a r , f t iH 'a^ 1 , "^ 1 ho ' l o t p r r r ] n a t 1 on ^ t t b 
f 01 A ' ! s p o t ' . - / p . 'V, t h r f oi a ! s p o t '-. i ?c i n t ho 
«.amp! lo p l a n p , ( . . .\r I Pd bv rl 1 sp ] a i" m q p i t h p r t bo 
f o c u s i n g lens or sample p o s i t i o n a lon. j the lifam 
a * i s , the d i f f u s i o n t ime and average number of 
mo lecu les va ry in a p a r a b o l i c manner. A n a l y s i s of 
the parameters of thp pa rabo la Ipads to e s t i m a t e s 
of the beam r a d i u s at thp w a i s t . The r e s u l t s 
agree w i t h t h e o r e t i c a l p r e d i c t inns and p r o v i d e an 
independent measurement of thp beam p r o f i l e . 

1J. THE USE OF FLUORESCENCE CORRELATION 
SPECTROSCOPY TO PROBE CHROMATIN IN THf CFLL NUCLEUS 

S t a n l e y M. So rschp r , James C. Bar tholomew, and 
Me 1v i n P. K l e i n 

i iochem. B iophys . A c t a . , i n press 

A l l systems i n thermodynamic e q u i l i b r i u m are 
s u b j e c t to spontaneous f l u c t u a t i o n s f rom e q u i l i b 
r i u m . For very smal l systems, the f l u c t u a t i o n s 
can be made apparen t , and can be used to s tudy the 
behav io r of the system w i t h o u t i n t r o d u c i n g any 
e x t e r n a l p e r t u r b a t i o n s . The mean squared a m p l i 
tude o f these f l u c t u a t i o n s c o n t a i n s i n f o r m a t i o n 
about the abso lu te s i ze o f the system. The cha r 
a c t e r i s t i c t ime o f the f l u c t u a t i i a u t o c o r r e l a t i o n 
f u n c t i o n c o n t a i n s k i n e t i c i n f o r m a t i o n . 

In the exper iments r e p o r t e d h e r e , these c o n 
cepts are a p p l i e d to the b i n d i n g e q u i l i b r i u m 
between e t h i d i u m bromide and DNA, a system where 
the f l u o r e s c e n c e p r o p e r t i e s o f the dye g r e a t l y 
enhance the e f f e c t of spontaneous f l u c t u a t i o n s i n 
the b i n d i n g e q u i l i b r i u m . 
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P r e l i m i n a r y exper iments employ we I 1 -charar t e r -
i zed DNA p r e p a r a t i o n s , i n c l u d i n g c a l f thymus DNA, 
SV40 DNA, and c a l f thymus n u c ' e o h i s t o n e p a r t 
i c l e s . A d d i t i o n a l measurements Are desc r ibed 
which have been made in smal1 reg1ons of 1nd 1 -
v i dua l n u d e ' , i s o l a t e d from green monkey r r r fney 
• : ; j l ) s , obse rv i ng as few as 5000 dye m o i e t i e s . 
The Oat a ' nd ' r at*' t hat the s t r e n q t h of l y e h i n d i n g 
increases : n- n u c l e i i s o l a t e d . rnr. >-p 1 1 <, wh i -h hav-
been s t i m u ! a t " d to en te r the c e l l growth ^ y r l e . 
The . / i s t o s ' t y of n u c l e i r m a t e r i a l is i n f n r r e d to 

be between one and two o M e r s of ' T i a q r i t . ( d e g ^ a t e -
than r»,,» . * w a ' p r , )"•' 1*" *-e v,>- r '"•• >•' ' 
'pave the r e s t m g s t a t e , and P n t<"" t h>- • - " 1 : r >«»V-
r y r l e . W a s h , n g t h e n ^ r 1 p i a 1 S<~ ' owf"-* * np 
^ i sc f-s I t f . 

The f,f- fxppr inent s lemon st **a te t na f 4 ' j'^t- s ; " ' ' r c . . 
r r ; r - - e I a t i on s p e c t r o s c o p y ' a r p r o ^ i l P " r f ^ r n a t . o r 
a t t h e v j b n u r l e a r l e v e l t h a t i s o t h e r w ' s e j n a v a i l -
a b l e . 
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t !. *'. i i.' NA .- ." . ! . !• ' i.'f- v. i f'ui.fif ic . i t ion fnzyt'. ' s 
:r. rospnns ib 1-- tor" t h. .. .! s p e c i f i c i t y (>f t h f f . 

! " i l S t r a i n s h a r h p r i n.) a . ! r if] n>S i s t a m p t a c t o r . 
Thf. enzymes .•.•r.t^p i / . - un- . ; ;p s ' t e s on D.NA w i t h a 
common, t w o - f ^ 1 1 s yiiinn t r . - . i ' spouenrp .if s i< hasp 
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CcoRI -~es t r i r t i on -mod i f i c a t i o n system is chosen 
f o r t h i s c a t e g o r y . We tuvP prepared 30 mq of the 
enzytrtp. UNA sequence GAATTC has been p rov ided by 
Dr. E. Jay at t he U n i v e r s i t y of New Brunswick . 
EcoRI endonuc lease has been c r y s t a l l i z e d ' . ' but 
DMA complexes have not been, as y e t . We are c u r 
r e n t l y engaged in the search f o r the c r y s t a l 1 i z a -

This work was suppor ted by the N a t i o n a l Science 
Founda t i on , Grant No. PCM 7916434, and the 
N a t i o n a l I n s t i t u t e s of H e a l t h , Grant No. CA 1580?. 
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! - " . j • >•! . . • • . . • ' .....' i n ! i t .1. t o r l a I 
' . . ' . ;. • • ; . . . . ! i . • ,,>-i> at 1 •• i hu t c f i n n l 
.. ' • ' ! : . . • . t ) ' . . • • , . • f . i m p . . ! [ ] ( ( ' , i n t o D N A , 

! • ; . ' • • i t . . . i i « > : h ;F'MA. • 4<•< o n t 
'. !.-• '...: i i t . . : tha t th . p o s s i b l e 

• '"> t .'* h i ; : . j ! ' . •.! ..in i -1p is in the 
' . • ' t U N A ; K--' i v s t . i d ' . " , i n . i l . a t . 

' " . '1.1 a i l.-.l •,( .-ii< tunes if t nes r 
j i . l [ j . - c v l d f s . i ' i d g r o u n d tn r - u n d e r -

- . . ! •• .• , 1 i»- . i . ' i l . i t ! * . ' . . ! ' f i e r h a n i s . n o f 
•t 1 hi .• mi. ' pf .j :.••, w i t h van i |.t i n s o f 

. i l f A. i . l - " V ' a ! i .n i n t . si< t ion 

i ! '...• ; .-,n • -i .wi! t o . a In.;.) t imp t h a t the 
"•if ' . ' i i. •! i ..'I f p. mat i on is s e n s i t i v e to the 
• i nd'. t in.'t '.I inns present, in the s o l u t i o n . One 
..t the p a r l i f ' . t known pxamplps is the i n t p r -
. ' invi-.-'. i... |:. twppp ii-DNA to Aor C-DNA by v a r y i n g 
••(•! i ! .v.- ..,i.--ii! i t y •.!• i p u n t e r - ion types in DNA 
f i b e r '!. i . - i . I h r . i . i .e i h r p e c l asses of meta l 
inn that i ; t . - i. ( w - tn rut. I P I C a c i d : phospha te -
neu t ra 1 i.' m q , hasp-spi- i f i< , and s t r u c t u r e -
spec i f i c net 11 ions. 

N u c l e i , a r i d - i e t a ? ion i n t e r a c t i o n s are impor
tant m s t a b i l i z i n g secondary and t e r t i a r y s t r u c 
tu res of n u c l o ' c a c i d s . The ev idence f o r the 
c o n f o r m a t i o n - s p e c i f i c meta l ion b i n d i n g in tRNA is 
overwhe lming. However, n e i t h e r the s p e c i f i c 
d e t a i l of the b i n d i n g , nor unambiguous b i n d i n g 
s i t e s WP known. The o n l y example of t h i s c l a s s 

35 

http://ic.it
http://in.il


known by x-ray crystal lography is the determin 
t ion of the binding s i tes for metal ions in a 
t R N A . 1 0 . 1 ! . ' 

t of nucleic acid-metal ion 
environmental: the t o x i c i t y of 
on l i v i ng organisms has been 

ime and has been a major concprn. 
ions bind t i g h t l y to nucleic 

ledge cf the s t ructura l de ta i l s , 
weak and l imi ted mostly to the 

. i t needs to be extended to the 
We plan to study heavy atom-tRNA 

Another aspec 
interact ions is 
heavy metal ions 
known for some t 
Some toxic metal 
ac'ds. Our know 
however, is very 
nucleotide level 
polymer leve l , 
in teract ions. 

DNA Fragments 

I t has been 28 years since the Watson-Crick DNA 
model was proposed. Although the model describes 
the overal l symmetry and geometrical features of 
double-stranded DNA, conformational detai ls such 

as extent of i r regu la r i t y of backbone structure 
dependent on base sequence, G-C content, and 
ef fect of metal ions on conformations are not 
known. These conformational de ta i ls are essential 
for understanding DNA functions at d i f fe rent 
stages of i ts ro le . There is an intense e f fo r t to 
reexamine "known" structural features such as the 
number of base-pairs per t u r n ^ a n ( j ONA con
formation as a function of environment. At the 
present time, the only way one can get a detai led 
atomic structure of DNA is to determine 3-D 
structure of short DNA fragments 5-10 base pairs 
long by s ingle-crysta l x-ray d i f f r a c t i o n . The 
value of th is method was dramatical ly i l l u s t ra ted 
by the crystal structure of the (CG CG CG)j 
double h e l i x , ' ^ which revealed a t o t a l l y d i f 
ferent structure from that of Watson-Crick, ! : ] • 
gesting strongly that base sequence can dictate 
the local DNA conformation. To test th is hypo
thesis, we plan to determine the crystal structure 
of several double-helical DNA fragments. 
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Abstracts 

SOLVENT-ACCESSIBLE SURFACES OF NUCLEIC ACIDS 

Charles 0. Alden and Sung-Hou Kim 

J. Hoi. Biol. 132, 411-434 (1979) 

Sta t i c solvent-accessible surface areas were 
calculated for DNA and RNA double helices of 
varied conformation, composition and sequence, fo r 
the s ingle hel ix of poly( rC) , and for a transfer 

RNA. The resul ts show that fo r DNA and RNA double 
hel ices, two th i rds of the water-accessible sur
face area becomes buried on double hel ix f o r 
mation; phosphate oxygens re ta in near maximal 
exposure while the bases are 80% buried. Transfer 
RNA exposes s l i gh t l y less surface per residue than 
does double-helical RNA, despite the presence of 
several addit ional "modified" groups, a l l of which 
are exposed s ign i f i can t l y . 
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When a probe corresponding to a single water 
molecule is used, both the to ta l and atom-iype 
exposures are very simi lar for A-DNA and Ei-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 (wi th in 5%) for d i f fe rent 
sequence of neighboring base-pairs. 

For probes larger than single water molecules, 
there exist considerable differences in the to ta l 
and atom type exposures of A-DNA and B-DNA. Con
formational t rans i t ions between the A-DNA and 
B-DNA hel ica l forms can thus be related to d i f 

ferences in the accessible areas for "s t ru r tu red" 
water, or a secondary hydration s h e l l , rather than 
to interact ions with individual water molecules of 
the primary hydration shel l (Figure 1). The 
base-composition dependence of DNA he l ica l 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 v ' t h i n the grooves. 

The area calculat ions show that pr imar i ly the 
major groove of B-DNA and the minor groove of 
A-DNA have su f f i c ien t accessible surface area to 
be recognized by a probe size corresponding to the 
side-chains of amino acids (Figure 2). 

(a) 
G C 

-A-DNA 
-B-DNA 

< 
<X_ 300 
< 
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CARBON 

8r^o •'-*' 

I 0 1-4 2 0 3 0 4 0 5 0 

rw(A) 

A-DNA 
P -PNA 

A 

. 400 

< 

5 300 

TOTAL 

OXYGEN 

p . - CARSON 

:0 1-4 2 0 3 0 4 0 5 0 

Figurp 1. Accessible surface areas for 2 base-paired residues of 
(a) poly(dG).poly(dC) and (b) poly(dA).poly(dT) in the A-and B-helical forms, 
calculated varying the probe radius r j , . For both polymers, the B-DNA form 
enta i ls r e l a t i ve l y greater to ta l exposure, and pa r t i cu la r l y a greater exposure 
of phosphate oxygens, for large probe r a d i i . This resul t is consistent with 
the experimentally observed resul t that high water a c t i v i t y encourages 
adoption of the B-DNA conformation. ( ) ^-DNA; ( ) R-DNA. DNA. 

(XBL 806-10240) 
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INTtRCALATION CONFORMATIONS IN SINGLC- AND 
OOUBLf-STRANMD NUCLCJC ACIDS 
S. R. Ho I brook and S.-H. Kim 
Internat. J_. of Mac_rnmo 1 ez_u 1 es 1, ?33 (1979) 

Two regions in the crystal structure of yeast 
phenylalanine tRNA, whore single-stranded loops 
intei act 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 DNA and RNA polymers we-e 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 'inique 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). 

i ! O, 

S ' 

V Ifa ZT 

''> •m'A58 

, £ H G 2Z-CI3 

o 45 ^: • 

I 
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 
lines 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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•;r , t ;,<-.!; feat.;••.•< of UNA and SNA .node's 
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'' T - turn .mile in decrees, ;alculated as the anqle between the vectors connecting the CI' atoms of 
each b.iv pair" involved in intercalation projected on the average plane between the base pairs around 
int er i a 1 at i on site. 

'' B - a 'bend' angle in degrees between helical axes formed by base pairs above and below 
i nterr a lat i on s U e . 
( DH - Anqst'-on displacement in helix axis at average plane between base pairs above and below 
i nteri i la; ion site. 

'' AVGD - average distance in Angstroms batween base planes around intercalation site. 

SEQUENTIAL E0LD1NG OF A TRANSFER RNA: (I) AN NMR 
STUDY OF SUCCESSIVELY LONGER tRNA FRAGMENTS WITH A 
COMMON 5' FNP 

John Boyle, Grorqe Rnbillard and Sung-Hou Kim 

•J. Mol. Bicil_. (in press) 

Most fo ld ing studies on proteins and nucleic 
acids have been addressed to the t rans i t i on 
between folded and unfolded states of an intact 
molecule, where an ent i re residue sequence is 
present during the fo ld ing event. However, since 
these polymers arc synthesized sequential ly from 
one terminus to the other _i_n yjy j) , the i r fo ld ing 
pathways may not be great ly influenced by the 
sequential appearance of the residues as a 
function of Mme. 

The three-dimensional structure of yeast 
tRNA^n e in the c rys ta l l i ne state is correlated 
with 360 MH, proton NMR resonances from three 
fragments plus an in tact molecule of the tRNA that 
share a common 5' end (Figure 4) and are in a 
solut ion condit ion simi lar to that of the crysta l 
s t ructure. This has allowed iden t i f i ca t ion of 
folded structures present in the fragments and 
presumably present in the growing tRNA molecule as 
i t is being synthesized from 5' end. The exper i 
ments show that only the correct stems are formed 
in the fragments; no addit ional or competing h e l i 
cal regions are produced. This suggests that in 
the biosynthesis of th is tRNA, correct fo ld ing of 

he l i ca l stems occurs before the ent i re molecule is 
formed. Further, some of the t e r t i a r y interac
t ions (hydrogen bonds) found in the crysta l s t ruc
ture are also probably present before the synthe
sis is completed (Figure 5) . These f indings are 
generalized to cons.der the precursor of the tRNA 
as well as other tRNA's. 

l/ ' l fragment 

A -, 

'N—„ 36 
b' I/? Frogmen! 

,,)) -:Q) If 1$ 
5 V b Fragment InlQCT molecule 

Figure 4. Fragments from yeast tRNAPne used in 
th is work. (XBL 7911-5094A) 
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Figure 5. Schematic representation of the sequential fo ld ing of yeast 
tRNAP h e. (XBL 7911-5095) 
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STRUCTURES AND FUNCTIONS OF NUCLEIC ACIDS 

I.KikniD /'//;< i id . Jr. 

The base sequence of a n u c l e i " i r i d c o n t a i n s 
the i n f o r m a t i o n t h a t de termines i t ' b i o l o g i c a l 
f u n c t i o n s and c h a r a c t e r i z e s i t s r *u r ina t ions in 
d i f f e r e n t env i ronments . We want • n be ab le to 
i n t e r p r e t a base sequence in tern's of f u n c t i o n and 
to be ab le to p r e d i c t the con fo rma t i ons t h a t can 
occu r . That i s , we are s t u d y i n g how the p r i m a r y 
s t r u c t u r e (base sequence) of a n u c l e i c a c i d d e t e r 

mines i t s secondary and t e r t i a r y s t r u c t u r e 
i d o u b l e - s t r a n d f o r m a t i o n and f o l d i n g ) . The p r i 
mary, secondary and t e r t i a r y s t r u c t u r e s in t u r n 
de termine and c o n t r o l the b i o l o q i c a l f u n c t i o n s . 

We have used s e m i - e m p i r i c a l p o t e n t i a l energy 
c a l c u l a t i o n s to f i n d p o s s i b l e con fo rma t i ons of 
d i n u c l e o s i d e p h o s p h a t e s . ' The t h r e e conforma
t i o n s shown i n F i g u r e 1 rep resen t the most s t a b l e 

\ , l i / zVjfrt' 
f'A 

* . > : 
/ • > * . K '^ Ac 

1 

\ 

H y 
>T 

Ap 

M W$-H5 5 j I \ 

(II) 

( I I I) 

'\ w Ap 
• { p y ^ l - , i 

i*-; r 

1 ' PA 

Figure 1.Three minimum-energy conformations of the dinucleoside phosphate, adenylyl-3'-5'-adenosine (Apfl). 
(XBL 806-10243) 
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species with stacked bases. In addi t ion, many 
other species have unstacked bases. The kinet ics 
and thermodynamics^ of the t rans i t ion between 
stacked and unstacked species in dinucleoside 
phosphates was studied using spectroscopic 
methods. The data indicate that the t rans i t ion 
does not occur by a simple two-state model. 

We have recently started to apply our knowledge 
of ONA structure and s t a b i l i t y to frame-shif t 
mutagenesis. Frame-shift mutations are p a r t i 
cu lar ly 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 bulqe of one or two 
unbonded bases in a rep l ica t ing UNA can cause a 
frame-shif t mutation. If the bulge orrurs in the 
parent strand a -1 frame sh i f t resu l ts ; i f the 
bulge is in the new strand a +1 frame sh i f t is 
produced. 

Planar aromatic molecules are known frame-shift 
mutagens. We are studying the in teract ion of such 
molecules with ol igonucleotides. A combination of 
" C and *H nuclear magnetic resonance and 
opt ica l spectroscopic studies has provided struc
tures for the complexes between the mutagen 
4-ni t roquinol ine-1-oxide and dinucleoside phos
phates (see Figure ?).•> Similar studies have 
shown that ethidium, another mutagen, d r ' m i t e l y 
f a c i l i t a t e s the formation of bulges in double 
strands. 

Theoretical work on the c i rcu la r d ichroisnA^ 
of molecules that are large compared to the wave
length of l ight has shown that new effects can 
occur for macromolecules. In par t i cu la r , the 
preferent ia l scatter ing of c i r cu l a r l y polarized 
l i g h t , an opt ica l phenomenon related to c i rcu la r 
dichroism, can be used to characterize large 

(flpCpC;-, NQO 

•A 

b\4 
IdpAo^! NQC 

idpTpA);, *O0 

F i g u r e 2. Proposed s t r u c t u r e s of 
se l f - comp lemen ta ry dimer:NQ0 2:1 complexes. 
(a) (dpCpG)i:NQO; (b) (dpGpC)?:NQ0; 
( c ) (dpTpA)?:NQ0; (d) (dpApT)?:NQ0. Only base 
atoms (excluding hydrogens) Are Shown for the 
dimers. Bottom base pair (o—o); top base pair 
(o o ) ; NQfl (• « ) . These are approximate 
representations of the complex structures. 

(XBL 806-10244) 

helices.^ These methods should be useful in 
characterizing the DNA in chromosomes, viruses, 
and cells. 
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Abstracts 

i . CONFORMS: i.iwr, OF DINOCLFOSIPE PHOSPHATES IN 
A^i'-oi.s sniL-:ION 

C'v-Humi ; ee, c l i i o t Charney and I g n a r i o 
T 1 linen t ,'r . 

B i o i ' H ' i M s t ' v I ? , 5 6 3 6 - f i M l (1979) 

The i nnl ^'"n-a: ' ins nt .] inn, - leos i 1e phosphates 
have been re-examined by semi -pmp i r tea 1 p o t e n t i a l 
energy c a l c u l a t i o n s . Conformat ions I , I I and I I I , 
proposed by Let1 and T m o r o 11977), are p o s s i b l e 
spec ies a f te r rvfinement of t h e i r s t r u c t u r e s by 
p o t e n t i a l enei ; jy -ni n i n i / a t i o n . These t h r e e 
con f ormers can rep resen t t h ree t ypes o f d i n u c l e -
os ide phosphate spec ies in s o l u t i o n . Dh ingra 
et a l . M q 7 81 had concluded t h a t c o n f o r m a t i o n s of 
type 11 and 1:1 were u n l i k e l y or i m p o s s i b l e . They 
favo red con fo rma t ions g~g" ( e q u i v a l e n t to I ) , 
g + g f , q + 1 i c f t q + ; the l as t t h r e e con fo rma t i ons 
have 1 ' t t ' f - s t a c k i n g and are c a l c u l a t e d to be 
enerqt ' t " c . i ' l y less f a v o r a b l e by more than 5 
k c a l / n . i l e . Common s t r u c t u r e s of the t ypes I , 11 
and I I I are found f o r d i n u c l e o s i d e phosphates w i t h 
d i f f e r e n t p u r i n e - p y r i m i d i n e sequence. The 
sequence-dependence of the p o t e n t i a l energy o f 
these t h r e e confnrmers has been c a l c u l a t e d . The 
expe r imen ta l NMR data of d i n u c l e o s i d e phosphates 
are c o n s i s t e n t .v i th these t h ree c o n f o r m a t i o n s . 

?. FLUORESC!',":: DETECTED CIRCULAR DICHROISM OF 
DINUCLFOSIDE PHOSPHATES. A STUDY OF SOLUTION 
CONFORMATIONS AND THE TWO-STATE MODEL 

Char les Reich and Ignac io T i n o c o , J r . 

B i o c h e m i s t r y 19, S33 (1980) 

Three f l u o r e s c e n t d i n u c l e o s i d e phosphates 
c o n t a i n i n g 1,N°- e thenoadenos ine ( c A ) , 
c A n t A , cA„ i :C, and cA„U w i r e s t u d i e d us ing 
f l u o r e s c e n c e de tec ted c i r c u l a r d i c h r o i s m (FDCD), 
c i r c u l a r d i c h r o i s m (CD) and a b s o r p t i o n measure
ments. The FDCD data i n d i c a t e t h a t cA p cC and cA p U 
can be desc r i bed as t w o - s t a t e systems c o n s i s t i n g 
of a f l u o r e s c e n t spec ies and a s t a c k e d , non-
f l u o r e s c e n t spec i es . Thermodynamic s t a c k i n g 
parameters are c a l c u l a t e d f o r these molecu les 
u s i n g the v a n ' t Hoff e q u a t i o n . cA„eA is found 
to be a more comp l i ca ted system w i t h a f l u o r e s c e n t 
CD which is d i f f e r e n t i n shape, but comparable i n 
magn i tude , to the c o n v e n t i o n a 1 CD of the d imer . 
Th is m o l e c u l e , u n l i k e the o t h e r two d i n u c l e o s i d e 
phosphates , cannot be c h a r a c t e r i z e d as a t w o - s t a t e 
sys tem; i t is desc r ibed as c o n s i s t i n g o f at l e a s t 
t h r e e s t a t e s at tempera tures above 35°C. 

The CO date were s u b j e c t e d to a l i n e a r a n a l y s i s 
i n o rder to determine the minimum number o f s t a t e s 
p r e s e n t . In agreement w i t h the FDCD d a t a , eApcC 
and cApU are found t o c o n s i s t o f a minimum of two 
s t a t e s , w h i l e cA p £A is i n d i c a t e d to have at 
l e a s t t h r e e . The more comp l i ca ted behav io r o f the 

l a t t e r dimer is a 1 so i n d n a t e d by the va lues of the 
mist ackoci CD o b t a i n e d in the v a n ' t Hoff a n a l y s i s . 

3. INTERACTIONS OF 4-NITR0QUIN0LINE 1-0XIDF WITH 
DEOXYRIBODlNUCLtOTIDES 

Stephen A. i i n k l e and I q n a c i o T i n o c o , J r . 

B ' T i c „ h . t L m . . ' i lO ' .LR> - i s - , ; ! (1979) 

The interactions of 4-nitroquinoline 1-oxide 
(NQO), a potent mutagen and carcinogen, with 
several self-and non-self-complementary deoxydi-
nucleotides were probed by using absorption 
spectra of the charge transfer bands and 'H and 
13c NMR spectra. Absorption spectra were ana
lyzed by using Benesi-HiIdebrand-type equations to 
yield stoichinmetrles and equilibrium constants of 
complex formation. Non-self-complementary 
dimers form weak 1:1 complexes [dpTpG:NQ0,K(?5°C) 
- ?2 M~'] while self-complementary dimers form 
strong ?: 1 complexes [(ripCpG)n:NQ0,K(?5°C) - ?.? 
x 10" M-?]. A mixture of dpTpG and dpCpA with 
NQO gives a ?:1 complex [dpTpG:NQ0:dpCpA,K(?5°C) = 
8.6 x 10-' M"']. Analyses of the changes in 
'^C and *H NMR chemical shifts wit.'i complex 
formation gave approximate orientations for the 
intercalation of NQO with self-complementary dimer 
minihelixes. In the (dpCpG)?:NQ0 and (dpGpC)?:NQ0 
complexes, the N0^ group of NQO probably lies 
in the major groove and the NOp, NO containing 
NQO ring is siarked near the purine imidazole 
ring. In the (dpTpA)?:NQ0 and (dpApT)?NQ0 
complexes, th n N0;j seems to project into the 
minor groove and the NQO benzenoid 1 ing is ever 
the purine imidazole ring. 

4. CIRCULAR DICHROISM OF LARGE MOLECULES 

Ignacio Tinnco, Jr. 

InL. J.L 3ua_nt_um Chem^ 16, 111-117 (1979) 

The circular dichroism of molecules that are 
large compared to the wavelength of light 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. 

J. Chem. Phys. 82, 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 
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r e l a t i v e to the * •<<" 1 i-rijt >> uf ' " j h t . T hi- rqua-
t i o n s were found to g i v . ' W i l t ' , in good 
agreement w i t h measured n i t I t Mr '"'f mir row.r ; fs 
o r i e n t e d w i re h e l n c s . The I .T i .-at i'u\ shows w'> 
the usual RosenfeT! j p p r . u i w t M n f o r o p t i ' a ' 
a c t i v i t y becomes ' n,irJ«M] rJrj t»-. 

6 . THE OPTICAL ACTIVITY Of NUCLEIC AT IDS AND 
THEIR AGGREGATE', 

I gnac i o T inoco , J r . , Car los Rustamentp and 
Marcos I . Maestro 

Ann_. Rev. B iophys . B u i e n y j n e r r incj 9 , 10/ ( l l R O i 

This rev iew inc ludes n x p r r lment.al and theo
r e t i c a l work on a b s o r p t i o n anrl s c a t t e r i n q of l i g h t 
by c h i r a l mar romo lecu les ; expe r imen ta l a p p l i c a 
t i o n s are l i m i t e d tn n u c l e i c a c i d s . T h e o r e t i c a l 
methods t h a t r e l a t " the a b s o r p t i o n and c i r c u l a r 
d i c h r o i s m of a polymer or aggregate to the o p t i c a l 
p r o p e r t i e s of i t s c o n s t i t u e n t p a r t s are d i s 
cussed. A new expe r imen ta l method, one t ha t may 
become i n c r e a s i n g l y impor tan t in c h a r a c t e r i z i n g 
c h i r a l systems, is the c i r c u l a r i n t e n s i t y d i f 
f e r e n t i a l of s c a t t e r e d l i g h t . The p r e f e r e n t i a l 
s c a t t e r i n g of r i g h t or l e f t c i r c u l a r l y p o l a r i z e d 
l i g h t by c h i r a l systems is d i scussed in terms of a 
s i m p l e , model h e l i x . 

CIRCULAR DICHROISM AND FL UORFSCI'NCE DETECTED 
CIRCULAR OICHROISM OF MACROMOLECULES 

1. T inoco , . l r . 

Optical Activity and Chi raj U i s c rjmuiajj on, 
Stephen F. Mason, ed. fO. Reidel Publishing Co., 
Dordrecht, Holland, 1°79), pp. S7-R5 

Experimental jn'.l t hroret ical 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 rhromophores. Therefore, to cal
culate the circular dichroism of a polymer we need 
the properties of the individual chromophores (the 
monomers) and we need to evaluate their inter
actions. The crucial assumption that has been 
made in calculations of circular dichroism of 
polymers is that electrons are localized in each 
chromophore. Each chromophorp 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 
chromophores is assumed to have a negligible 
effect on the circular dichroism. Calculations of 
circular dicroism of ploypeptides and polynu
cleotides have been reasonably successful usinn 
these methods. 

CIRCULAR OICHROISM OF POLVMERS; THEORY AND PRACTICE 

Iqnacio Tinoco, Jr. 

Optically Active Polymers, Eric Sele'gny, ed. 
(D. Reidel Publishing Co., Dordrecht, Holland, 
(1979), pp. 1-13 
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A new method f i a t ''• mnr.. 
i i r i u l a r d l f h r n l s m is f T i O u n 
( i r r u l a r d i r h r n i s m 'TDFL . 
i n t e n s i t y nf l i g h t e m i t t r d h> 
mophore exc i te r ! by ' ' ' f t and r i g h t r i r r u l a r l v 
p o l a r i z e d l i g h t 's used tn measum the r i . - r u l a r 
d i r h r o i s m . The FDCD method thus q ives i n f o r m a t i o n 
about t hi 1 c o n f o r m a t i o n of a poVymor in the 
immediate ne ighborhood of f l u o r e s c e n t qrnups. 

Phenomena r e l a t e d to c i r c u l a r d i r h r n i s m which 
may be u s e f u l for st i dv inq con fo rma t i ons in p o l y 
mers are the c i r c u l a r i n t e n s i t y d i f f e r e n t i a l (CID) 
f o r s c a t t e r e d l i g h t . The d i f f e r e n c e in s c a t t e r e d 
i n t e n s i t y is measured f o r l e f t and r i g h t c i r 
c u l a r l y p o l a r i z e d i nc i den t l i g h t . At t h i s t ime 
these e f f e c t s have on l y been r e p o r t e d f o r smal l 
mo lecu les . In p r i n c i p l e , however, they may be 
very u s e f u l f o r the study of po l ymers . 

KINETICS AND THERMODYNAMICS OF DOUBLE STRAND 
FORMATION IN SELECTED DEOXYOi .IGDNUCLE0T1DES 

Adr ienne L. Drohn ies 

Ph.D. Thes i s , U n i v e r s i t y of C a l i f o r n i a , B e r k e l e y , 
September, 1979 

The thermodynamics and r e l a x a t i o n k i n e t i c s f o r 
the double s t r a n d - s i n g l e s t r a n d t r a n s i t i o n in 
th ree d e o x y o l i g o n u c l e o t i d e double h e l i c e s was 
i n v e s t i g a t e d . The AH"', AS° f o r double h e l i x 
f o r m a t i o n and the r a t e cons tan ts f o r h e l i x 
a s s o c i a t i o n and d i s s o c i a t i o n were measured f o r 
dATGCAT, dA-jGCT3, and dA 8 + dT s i n an e f f o r t to 
compare DNA'double h e l i c e s w i t h s i m i l a r RNA 
h e l i ces. 

From the v a r i a t i o n o f m e l t i n g tempera tu re f o r 
each o l i gomer w i t h s t r a n d c o n c e n t r a t i o n , the aH°, 
4S° f o r h e l i x f o r m a t i o n a r e : 

;\H° &S° 
(kcal/mol) (Ical/mol deg 

dA-jGCT, 
dATGCAT 

-36 -0.100 dA-jGCT, 
dATGCAT -48 -0.147 
dA 8 + dTg -39 -0.115 

No t rends i n these parameters due to base sequence 
or h e l i x l eng th were observed ; however, f rom a 
c a l c u l a t i o n of the f r e e ene rg ies f o r h e l i x f o r 
m a t i o n , i t can be seen t h a t d o u b l e - s t r a n d fo rma
t i o n is less f avo red f o r each DNA o l igomer than 
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The a s s o c i a t i o n r a t es ^rv the same as f o r the 
comparable RNAs in The rase nf the two ol igomer's 
c o n t a i n i n g GC [vise p a i r s . The a s s o c i a t i o n is an 
o'Mer- ; i f magnitude f a s t e r f o r dAfl • dT_q than f o r 

In c o n t r a s t to RNA o l i gomers where those w i t h 
GC base p a i r s have p o s i t i v e a c t i v a t i o n ene rg ies 
f o r a s s o c i a ' . o n and these w i t h o n l y All base p a i r s 
have nega t i ve a c t i v a t i o n e n e r g i e s , the d o n x y o l i -
gomers a l l have smal l n e g a t i v e a c t i v a t i o n 
energ ies t^r h e l i x a s s o c i a t i o n . 

This is i n d i c a t i v e of a mechan i s t i c change 
t-etween DNA and RNA double s t r a n d ' o r m a t i o n . The 
f o r m a t i o n of one GC base p a i r is r a t e - l i m i t i n g in 
RNA o l i gomer a s s o c i a t i o n . I f no GC base p a i r s 
are p o s s i b l e , the f o r m a t i o n o f a t h i r d All base 
p a i r is r a t e - 1 i m i t i n g . In DNA, h e l i x p r o p a g a t i o n 
is favo red a f t e r the f o r m a t i o n o f two ad jacen t 
base p a i r s . D i s s o c i a t i o n a c t i v a t i o n energ ies arc 
s i m i l a r f o r both DNA and RNA h e l i c e s . 

CONFORMATION STUDIES OF 13 TR[NUCLEOSIDE 
DIPHOSPHATES BY 360 MHz SPECTROSCOPY. A BULGED 
BASE CONFORMATION. I . BASE PROTONS AND H I ' 
PROTONS 

Che-Hung Lee and Ignac io T inoco , J r . 

B iophys . Chem., U, 283 (1980) 

The 360 MHz NMR spec t ra o f the base p ro tons 
and the H I ' p ro tons of t h i r t e e n t r i n u c l e o s i r i e 
d iphosphates have been ana lyzed . The sequences 
chosen rep resen t a l l p u r i n e - p y r i m i d i n e 
sequences. The chemical s h i f t s o f the base 
p ro tons g i v e ev idence f o r s t r o n g 
n e x t - n e a r e s t - n e i g h b o r e f f e c t s in some 
o l i g o n u c l e o t i d e s . A l though i n c r e a s i n g cha in 
l e n g t h u s u a l l y i nc reases n e a r e s t - n e i g h b o r base-
base s t a c k i n g , i t i s not always so. Comparing 
ApCpG, ApUpG and GpUpG to t h e i r component d imers , 
one f i n d s a decrease in s t a c k i n g o f the cen te r 
p y r i m i d i n e w i t h the p u r i n e on e i t h e r s i d e . The 
c o u p l i n g c o n s t a n t s J 1 ' 2 ' a l s o show t h a t these 
t h r e e t r i m e r s show less s t a c k i n g f o r t h e i r 
t e r m i n a l res idues than expected f rom t h e i r 
component d imers . We conc lude t h a t the sequence 
Pu-Py-Pu f a v o r s a con fo rma t i on in which the p y r i 
m id ine is bulged out and the two p u r i n e s stack on 
each o t h e r . 

T i i ( - - " t i ' l t t i n " , 't t he ; v t r ' - t " lutaqon and 
. . i r . in,- .) . ' " , -1-r- ' ! r ..g , ! ! ' , ' - n e - i - o , l do iNlX 1 1 w i t h 
loo . vi- !t','m,H'i-.r.j ' c o t ' V- . , i f f v v'-Uiod inui l e o t l d e s 
in: ' .'1NA\ w i " v -.! i V t •. I. The non- , ova lent i i i f i -
p l i ' i i " , l . < n i ' ! !-. \;,'l> in.l i'11>«" the fou r 
:. ' - V o x y ' t . i ' M ' ' f - ' i l o s or t No doe < yr I hod I nut l f O -
1 1 it '. rt'ti '.1 id • OO ,'. irnj a i ' se rp l lol l spot tr ' i l of 
| h r charge t i >n..toi lands j . i n , ! V)S-.1]0 rail; and 
'H and ' C nu. 'r.\*- magnet it resonance {NMR 1 
sptx t r a of NQO-n.j S i , ( 1, i.( m u t n ' - e s . A b s o r p t i o n 
spec t r a to r the rnoromor-NQO an,! dimer-NQO svstems 
were ana!v.* i \ l I M I H ] Hones', -•- i l . ioorand type 
e q u a t i i n s to v i ' - M st ' n h i ome t r tos and e q u i l i b 
r ium r o n s t a n ' - , nt ,nmplex t "-mat m n . Iho 
e q u i l i b r i u m constant ' - for t ho formal ion of the 
1:1 monomer :Ni,iP . mrp lo tos at " - " ( ' ( k( <lpG:NQtn = 
16 M - l , M<ipA:NQ0 ] , ' M- - , t ^ d p l :N()0) -

k(dpC:Ni)0t - •) M-1i s ,g(j.'-.t the p r i ' f e r o n . e of 
NQO f o r the i ; ,anino ros i r iuo in a UNA. This is in 
agreement w i t h the data of Okano, 1 . et a l . 
[ (1969) ">ann 60, ,'9S ] . Non-se I f -complement ary 
dimers torm weak 1:1 r n n p l o - o s (dpTpG:NQ0, K (?5° ) 
= ?? M~ 1) w h i l e so 11-romp lenient a ry ditners fo rm 
s t r o n g ?':1 complexes ( dpcpG;. :NQ0,' k (?6° C) 
= ? . ? x I 0 4 M"' I . A m i x t u r e of dpTpG and dpCpA 
w i t h NQO gn-os a ' 7 : 1 " complex (dpTpG:NQ0:dpCpA, 
•,(?5°C) ' 8.6x10-'' M - ' ) . The d inur l e o t ides 
capable of f o rm ing DNA- l i ke m i n i h e l i c e s gave 
s i m i l a r va lues of K f o r NQO complex f o r m a t i o n . 
From '-'C and l H NMR d a t a , i t is proposed t h a t 
in the dpG:N(,i0 complex the (NO?}, (NO) con-
t i m i n g NQO is s tacked over the guanine i m i d a z o l e 
r i n g w h i l e in the dpG:NQ0 complex the NQO ben -
zenoid r i n g is over the adenine im idazo le r i n g . 
Analyses of the changes in '~C and 'H NMR 
chemical s h i ' t s w i t h complex f o r m a t i o n f o r d ime r -
NQO m i x t u r e s gave approx imate o r i e n t a t i o n s f o r 
the i n t e r c a l a t i o n of NQO w i t h s e l f - c o m p l e m e n t a r y 
dimer m i n i h e l i c e s . In the (dpCpG)?:NQ0 and 
(dpGpC);>:NQ0 complexes, the (NO?) group o f 
NQO p r o b a b l y l i e s in the major groove and t h e 
(NO?), (NO) c o n t a i n i n g NQO r i n g is s tacked near 
the pu r i ne im idazo le r i n g . In the (dpTpA)?:NQ0 
and (dpApT)n:NQO complexes, the (NO?) seems 
to p r o j e c t i n t o the minor groove and the NQO ben -
zeno id r i n g is over the p u r i n e i m i d a z o l e r i n g . 

I r r a d i a t i o n o f NQO-po lynuc leo t ide ( p o l y ( r A ) , 
p o l y ( r l l ) , p o l y ( r C ) ) m i x t u r e s and NQO-DNA m i x t u r e s 
us ing e i t h e r a Hg lamp source (340-420 nm) or a 
dye laser (400-415 nm) produced p h o t o a d d u c t s . 
With the po lymers , p o l y ( r C ) gave the g r e a t e s t 
number o f adriucts per r e s i d u e . P o l y ( r C ) and DNA 
a l so reac ted w i t h NQO i n the d a r k . A dpC-NQO 
pho to -adduc t was p roduced. 

DNA-NQ0 e q u i l i b r i a were s t u d i e d u s i n g ana lyses 
o f the complex a b s o r p t i o n bands (415 nm) and 
us ing the phase p a r t i t i o n t e c h n i q u e . Two NQO 
molecu les b ind s t r o n g l y and c o o p e r a t i v e l y t o a 
smal l number o f s i t e s on the DNA. The e q u i l i b 
r ium c o n s t a n t s and b i n d i n g r a t i o s at 25°C 
ranged f rom 4 . 3 x l 0 9 M"? and 100 base p a i r s 
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THF PHOTOREACTION OF PSORALENS WITH M CI.FK ACIDS 

John I //„n: 

Scheme ! 
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J. Mo!. B m l . ;.-,•,, . "... :-,j ;'.'»;yi. 

The location ano trrguenry or l<i\e. crossings 
induced by photoreao; ton ot hydroKyinet hyltr i-
methy Ipsora len with J( i cscherichja c o h riouso-
mal subunits have boon determined by electron 
microscopy. At least .even distinct crosslinks 
between regions riis.tor;t in the lo S rRN*. primary 
structure ire seen in the inactive conformation of 
the 30 S particle. All correspond to crosslinked 
features seen when the free 16 S rRNA is treated 
with hydroxymethyltrimethylpsot'd len. The most 
frequently observed crosslink occurs between resi
dues near one end of the molecule and residues 
about 600 nucleotides away to generate a loop of 

: .•• ii • • r i,-nt.it r-'ii ot tn is fea-
t... • • • i -.' • ' oc • .•-.; .en.is to ' in- . r'oss 1 inked 
' , .!• .! • 1 •• it. •! •: lew -,' on,] ot I roc lb 5 rRNA. 

.N'I. I i." .. p o't i,- i t.s tirv cross I inked in 
'' .V-'-'.,! '. , • . t the1 seven features seen in the 
in.n ; . .c -i p ic t H lo an still ho detected, 
oowovc-. , ;»!- t c , .j.jcvH" v of several of the features, 
arii] pirti. .' re ;> the b/d-b.i.e loop feature, is 
.Irinij!'. r' I ,. dec r'c a-..-J. This suggests that the 
long--- -Tin- . on;.;, ts that lead to these crosslinks 
.ire e,!»v- :(...,M: .;•- i-ucc.essib 1 e in the active 
c'onti -ltici. . •• issl ;nk ing results in some loss 
of functi nil ic initios of the iO S particle. 
This cs runs'stent .vilri the notion that the pres
ence ot the- crosslink that generates the 570-base 
loop traps the subunit in an inactive form, which 
cannot associate with bO b particles. 

The arrangement ot the interacting regions 
crosslinked by hyriroxymethyltrimethylpsoralen sug
gests that the SNA may be organized into three 
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< * • ' : - ' - , : : • ! : • ' ' '• i n c p n - s e n . ' ' . ' I 

• • • • : * \ : • • . V ' i : , ' - - : m i l r > . i ' - i n e q i n U u - e ! e . -
• r - • • • • v ;•-• *.'••- -no l - ! s t n i K i n q t e . H u f v s j f t 1 j 
\> • • • : r * f j r -pen I m ,ps . ; n .HJJ11 i o n , bo* . K J S I 
! ( • " * V'S*. ! 1 ' Id. <••'. "it i !•(. .i * es ai <• s h o r t e n e d r o m p a r t - a 

n, r\ • , -s\ , ' r ••d.t : ;n,i ] r , ., I t p s , t Mi-re , i r ' r l 1 M ' i v t ' ' 
• , • : - . , » ; ; « i » • • • ; i " i ' , no t r v s u i * e d !>y t h i ' p r e s e n t 
". ' i n i ; , ' • - "•• s i / f s . I I H ! p. •.. 11 i m i b o l L i l o o p 

i-.s*-'. h k i , . ' N v n < i e t c r m i r\>.-:'. in J on i o n t o d on l ho 
t ' fOqutrHL y Ot ^ ( . i i T f T i . ! ' Of t h e 

r r t M-. ; - i t '. i v j c s of K'i>ps . J e p r m j s on t h e c r o s s -
P., ;r: ; ; '. - 1 , ' i s , * ; i f n t h t - c r o s s ) I n k l n g i s cloni 
i •-..• ! ,t i -ps ••'-t ,11 P ; n ( ; M [ j - t , a t l e a s t f o u r o f 
'•v \.»\U I r . ><-• i p p o . r - w i t h g r e a t e r r r e q u e n t y 
u in ; M,-_r- . } ( 1 i n j . . f , nif-'~',,)C 1 . Trie l o o p s p r e s u m -

<ly an : v U< i u s e i.omp i e i n e n t d i y s e q u e n c e s s e p a -
ittMJ I - , i.^r ; m l o r v o n ' n q r e g i o n s a r e be i nq c r o s s 
r u t ' c l . Thvs f I ' M s e - p a i r i n j i n t e r a c t i o n s b e t w e e n 

•s i :u f - \ J i s t i n t i n t h t - p r i m a r y s t r u c t u r e a p p e a r 
; l>v p r 'O iH in r n t M a t u r e s oi t h e s e c o n d a r y s t r u c -
i r n d t rRNA i n SO U j t l . 'P . 

UETEHM1MNG THF POLARi TV OF THE MAP OF CR0S5L1NKE0 
INTEkAClIt)N5 IN E s c h e r i c h i a 10I1 16 S RiBOSOMAL RNA 

... i . . AWI it < i / l e u , Jnii i. L . n t v n s L , Ca the r ine 
S q u i r e s , and C rd ig 5qu 3 res 

J . Mo l . B i o l . 135, 285-291 (19/<)) 

Hydroxyiiietbyltrimethylpsoralen crossl inked lb S 
rRNA from E_scherjch i-a col_[ has been R loop hybrid
ized to two "pTa smT<TT3iffis containing different 
sections of the 16 S ribosomal gene. It is 
possible to identify crosslinked features in the 
part of the RNA that is not complementary to the 
DNA. Crosslinked features can be aligned into a 
relative map of interactions. Crosslinked loops 
that correspond to features located, originally 
arbitrarily, in the left part of this map are seen 
in the 5' half of the 16 S rRNA in one hybrid and 
loops 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 molecule. 

• « i - . | ! . 

pr- - . , ] „ . , s .". . -

i ] l w - tr- I ' l V t ' v , - . ; 
t . ny l e the r •' 

••.. • • i !i • in ; .«- i n ' . in : ! i i . l U ' i T t n t 
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IMWUNO UE -V -AMiNUM 
PjtlRALLN U' UNA, KNA, 
AMI 0K05OPH1..M ,'i i., -. 

- I f i lMi IiiY. 
< IN l i i ' l ,i 

jne Ered. 1 

blopny ' . , t \ , in i " 

In Iiriisophi l.i i. '11', .mil iii-l.l it'll-, tr.'.ili'd with 
•1 '-ami ntiniet l'y 1 tr i n-Sii l.-n and u 1 I ;'av lo let 1 l qh t , 
this t ompouiv! hind-- inval.-nl.ly tt. UNA and KNA. 
the maximum ninTii.T i.,t uni letij l.-s hnund tn ]i/--
bast- pairs in iiNA is tit' and in RNA it. is .0. In 
nuclei treated lUewisr ttit;- number nf molticules 
bound tn in-'1 base pairs in ONA i.^n !;e as high ,is 
376. When celt-- .irr irradiated i.-. I he frozen 
State the number nt -1' - mil rininethy 1 trinnsalen 
molecultis bound per U1 J liase i\airs in :)MA is 

..,; "... iiiiu ,1, n N A .Hid,,, ,,l/. 

DNA molecules from cells or nuclei treated with 
1' -annnoiiiHthyl triiixsalen and ultraviolet light 
^re highly crosslinked and appear as loops inter
spersed by do-jl) le-s tranded regions when dnd]yzed 
in the electron microscope under denaturing condi
tions. Thy loop sizes arr- heterogeneous and the 
fraction of double-stranded regions increases to 
almost complete doub1e-strandedness at high 
degrees of reactiou. 

No secondary structures could oe found in ribo
somal RNA from Uroscipnilj cells or HeLa cells 
after treatment with 4' -aminoinc-thyl trioxsalen and 
ultraviolet light. 

In cells treated with 4'-aminomethy 1 trioxsalen 
and ultraviolet light the KNAase activity is 
increased considerably, suggesting a release of 
lysosomal enzymes. 

A' -aminomethyl trioxsalen and its photodecompo-
sition products bind strongly to cellular proteins. 
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Ine p r e . l i j i i ' . ' • • ' , , ; t s n wi- '.rnjrtr, T h.t I : t t - r 
pn , ! , lien, i i l i ' ,-,-. i : ' >. :r: j * :.'i psui .! i f , ;i 
, i )>ut i>ns lit l i t tvr .--it f w f i t r . i t I'ms nt !.,n : , 
, ' i ' i r t ' I ' ; ! ; - ii'.'.i I,.r..- p I 1 ' , , ' i i n p i l i , ._.,n ;,,• -,t •: 1 
! / • " ! i,n I f : . ! ( ,red •. i - . -I'I f .; '. '.Ij :Y.'!I>, Jte. • • 
e i e f t r f i ml f ' - is ' . ' ;p" , i su i i ' / 11 i'in . ' , i» ;'• i j . : i 
h a i r p i n s rt.T'i- i:Mpp---l. *» is . t j i t y has heeh I-J 
t .-n-ii-'l I,, i i ' . . . • T I . I I . , >.('••- ,t i ah.led f <•:•• 
•n,i ] i-t.u ; , • • , , i i i , f] -!,V'". . in.! i-,-ji i - ,V4U, I' f i . . 
' . f i i i - nl ind'ines ! urn inns, -'-tier the re.ii I i. a,, 
a I'll t Kin 1. , t in- i i . i i i p'-, I f . . t . - : t f t . , 1 -• , s"v- • 
iiNA ha i rp in - . , lfnl h i i r p i i ' i.u.ps w i t h s izes t i 
.<')(] tu near l y ,'((()') n r : . - . i : ; . l is i n - i i l / , i - ' / i " l . 
these loops i r i - ! . .Kdtf< it .pi., i l l ; recjlri:,.. n *» 
'.V-UJ jennine; .it. the I : . i - ; in i;: p o s i t i o n s , ' J . 1 I 

: i . n? ; / ; ' i . ? f> • n . n . i , , ' l , . i - • i , . !)()/ ' i'-l. i'i * 0 . ' 
; ( l . ' j l * I..i..','.; l i i . ' , / * ' i . l ' - ; : , . , . / ; - < I J . I J J I , ii>. 
i . . . n i . , ; u . '•'. • i i . f j ; 1/ . i i ..-. ' . • f i . ' i i ; , i ' i . / / • I I . ' 
(O.'Jii i n " -in.i .it :<:.,'", < i i . i j 4 , ; ,( j.( iy • i;. , 
At l eas t th ree Ml t t i f . i - l imps . in- f i iund in i v . ) i <•• 
thought In In' >nvi, lved in ' . p l i ire) of the I ' . i i ' i , 
and l a t e J V I I I t r a n s i r i p t ' . : (11.51' t D .u i ) / ; U. S/ 
" - . 03 ) , i l l . / ; - ' * U . ( .M i / i l l . /M < D.U' l ) , ( 0 . / / < u.[-
( i i . M * l l . i l j , . These loop st n .c tu t 'es are must 
1 ' - ' y tn -u I'.e I Mini Pase p a i r i n g hetween d i s t a n ' 
r e y i . uf the s i nij l . ' -s t landed UNA. RNA t r a n s -
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MOLECULAR BIOLOGY OF NERVE C ELL 
FUNCTION: RESPONSE OF THE NERVOUS SYSTEM TO 

ENVIRONMENT AND CHEMICAL STIMULI 

I.JHIIIJ I Hi nut u 

• i . M • 

• • • • • I ' . n 

' r • 

. • • ' • J " I " ' ! • ! ' •< • • I ' I • . . I ' -

• iv.ri '. , i i ' : « i : ' i i " i " !•••• 

; - ; . 1 . .) : v :• ! • • : • • t 4 1 " 
• . - i : „ - i . '•!.• m i , s t i -

., i",ij of t h e i r :.-;,. I . - . J I . .! i 
t i n : i n a t i f i n p t mi) t -

: V t n ; 1 r,inment i,n ', le 
L - i ' t ' s t . A cnnmoi theme et 
..;.-• Is is t h i ' ne,,r. l ] h . r . i - . 
.in 1 ! i r i r r e l . l t inns tn 

i t i a n s m i i t i 

'•'• • , I . i - , : . : , i M-V f. •• in many b l n i o q i r a i 
• ' ; • • : . ' - i ; , ! " . . • < . • . , . - , , ' i e j r r . t r leMTll ' t e r s i v . n * 
rt ' ! ' i : lie rpprvpr-1 i!..- i - .^rp; . . ' - at the synapse w i l n 
; re-. . M : " t . i i.i ' i ;t i r i - o i c p e r m e a b i l i t y - Knowl -

<• 1 :• f ' ' i ' i lit e i .e I 11 • rt of n e u r o t r a n s m i t t e r s w i t ' i 
• ••! • p! "i- •• '•, ev, i/rr M ! frir- us to under Stand 
changes if s y r u p t ; f u n c t i o n isso i_ ia ted »•• i LH neu
rona l Jamige f rnn ••nvfr i inmeiu. i l f a c t o r s . Changes 
if ' v n c i p l i r f u n r . t i n n may be one mechanism of 
P 1 1st i r i t ,- n p o r t d ' U fur- long-.term memory f o rm-
i t i : ' m . ' i n - o b j e c t i v e of t h i s research p r o j e c t is 
t."' i l u c i ' l i t e f ,ir.:1.>.;:iecUa I p r o p e r t i e s of one or more 
^ y n i . ' t i ' ' ' r c e p t o r s w i t r i the u l t i m a t e aim of d e f i n -
•iv; :•-.• •;.'•.,i l u r e - f u n c t i o n r e l a t i o n s h i p of recep
tees ,:n i f n e i r ,v,'..•'. i a ted n e u r o t r a n s m i t t e r s . Uur 
i r r r> to c h a r a c t e r i z e b i ochemicn ' and b i o p h y s i c a l 

p- 'opert les -f the n i c o t i m c -1 i ^e e t y l c h o l i n e 
r e c e p t o r irAChR) fr-om the mammal i c e n t r a l ner-
j i i . j ' , sys tem. 

A number of f a c t o r s have c o n t r i b u t e d to our 
focus on the a c e t y l c h o l i n e r e c e p t o r . These 
inc lude the key r o l e t ha t the a c e t y l ' - ' o I ine system 
p lays in the c e n t r a l nervous sys tem, -id the 
a v i i l a b i l i t y of the ...nigee l i gands de- veil f rom 
sn.Ue venoms wtiich b ind to the n i c o t i n e a c e t y l 
c h o l i n e recep to r w i t h h igh s p e c i f i c i t y . Our 
s f i a t e g y is to compare the i n t e r a c t i o n of s e l e c t e d 
t o x i n s d e r i v e d f rom seve ra l venomous snakes w i t h 
the p u t a t i v e a c e t y l c h o l i n e r e c e p t o r f rom mammalian 
b r a i n and o ther sou rces . The i - t o x i n s of i n t e r 
es t are p u r i f i e d by ch romatograph ic methods f rom 
the crude venoms and r a d i o l a b e l e d . The i n f l u e n c e 
of s e l e c t e d a g o n i s t s , a n t a g o n i s t s , and a f f i n i t y 
reagents f o r the a c e t y l c h o l i n e r e c e p t o r on t o x i n 
b i n d i n g is de termined us ing r e c e p t o r from r a t 

This work was suppor ted by the D i v i s i o n of General 
L i f e Sc iences , O f f i c e o f Bas ic Sc iences , U.S. 
Department of Energy, under C o n t r a c t 
NO. W-7405-ENG-48. 
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I irmat ' , " ' 
• ' . ,1 iu.lt e , 
f ai tor- , I 
thenr i f , 
finphas i •• 
t we m l . -
f u r s , ma, ••emu 
i , i rbohydr. i t . , 
t n rmat ion . i 
memory form i t 
• . . h i b i t o 

• nl I , 
..'lie .; III,.i |e t I urn env l n . l i " f l i t . I I 

I ' . 1 1 !' t , j ! i l 1 l. I' . A i t M P,l I 1 VI 
,- f eriii.it l.ui . i te : ie : i i ' i t e s t e d w i t h 

a t> e, i • undoi st iih] " ; nf t he respei -
l l i . i t ni ' i .r t r .mv iM 1.1 f i -, and nein nmodu 1.1-
: n i | e i u l f . i MJI '1 as KNA, p e o t e i n , and 
i•'. .iinl . iMiri. i l f t . i n s p o r t p l a y in memory 

iiji s t u d i o s h a v t in r . f t mi l ong - t e rm 
es inq . inisomyi i n , .in e f f e c t i v e 

pi i ;• ;n s yot hi s i s , and i v a r i e t y nf 
expe r imen ta l parad i qms, r e s u l t s Art' r ens i s l.ent 
w i t h the m l e r p r e t a t ion tha t p r o t e i n syn thes i s 
du i ' inq the p e r u i d immedia te ly f o l l o w i n g t r a i n i n g 
r. e s s e n t l i l t o r l ong - t e rm memory. Numerous 
d r u g s , a c t i n g Py d i f f e r e n t methanisms, .in modu
l a t e the t i i rmat ion of 1 ong- te rm memory ut the same 
t iriie that the iter ess ii y s y n t h e s i s o' p r o t i i n oc 
c u r s . Ut s p r - i i a l s i g n i f i c a n c e is the obser va t i on 
tha t o i l f l n i m i - , 11] i em!; i n.it inn w i t h in isnmyr. i n , 
is an . 1 ' . . t w e uisnest i r agen t . The i n t e r p r e t a -
I ion is I na t the s y n t h e s i s ami subsequent t r a n s 
p o r t of p r o t e i n s f rom the nuc leus to the axona 1 
and d e n d r i t i c endings is necessary f o r l o n g - t e r m 
memory f o r m a t i o n . However, i t n.is been o b j e c t e d 
t h a t the b l o n d - b r a i n b a r r i e r is g e n e r a l l y b e l i e v e d 
to be impermeable to c o l c h i c i n e . Our recen t 
s t u d i e s have shown tha t e x t r e m e l y smal l amounts do 
appear to p e n e t r a t e the b l o o d - b r a i n b a r r i e r , 
f u t u r e exper iments w i l l a t tempt to de te rm ine i f 
these smal l amounts of c o l c h i c i n e can indeed 
mod i f y a x o n i l t r a n s p o r t . Other exper imen ts are 
p lanned to i n v e s t i g a t e the t ime parameters of 
s h o r t - and i n t e r m e d i a t e - t e r m memory f o r m a t i o n i n 
r o d e n t s . 8 " 1 0 

3. F^vqjut i.ir, of B r a i n P l a s t i c i t y , r nv i r onmen ta l 
St_j_mu_ta!. i o n , and tirjn n Change_s 

Measurable b iochemica l and ana tomica l changes 
can be demonst ra ted i n b r a i n as a r e s u l t o f expo 
sure to v a r i o u s degrees of env i r onmen ta l s t i m u l a 
t i o n . Th is p l a s t i c i t y of b r a i n may be an impor
t a n t f a c t o r t h a t is r e l a t e d to the a b i l i t y o f a 
species to respond to env i ronmen ta l changes 
i n c l u d i n g those which are s t r e s s f u l . In a s e r i e s 
o f e x p e r i m e n t s , we and o t h e r s have shown t h a t the 
b r a i n of l a b o r a t o r y roden ts responds to fo rma l 
t r a i n i n g and d i f f e r e n t i a l e x p e r i e n c e by i n c r e a s i n g 
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Figure 1. Cerebral plasticity is being studied in 
the Beldlng's ground Squirrel. In the enriihed 
condition, I aboratory-ra ised squirrel', e.hibit many 
behaviors seen in the field. (CBB oOb - IV1 3 ' 

weight and th lcknrss of the cerebral ,;orte*. 
k'iA/IJNA ratio ol cortical tissue, branch 1 ntj 
dendrites, number' 
and/or den', 11y of 
have demonstrated 
cerebral effects. 
1nves t 1 gat ions of 

of 
/»' 
We 

of dendrite spines and s 
[-• ' 1 1 ' 

synaptic contac ts . '* *' • l<-
that learning is a main r auso ot 
We ,irr now extending these 

the cerebral effects 'if d 1 f t er 
ential environments from the laboratory rodent to 
several feral species, including the ground 
squirrel (figure 1). Preliminary results indicate 
that juvenile Belding's bround squirrels develop 
differences in brain weights and nucleic acids 
rather like those previously found in laboiatnry 
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 bram weight and lost body 
weight. 

4. Effect_s__of_Br_ai_n Damajje o_n__B_rain Bioc_h_e_mi_ca 1 
and Anatomical Measures, on Behavioi\ and_ on 
Recovery qf_jjjncti_on 

Environmental factors arp a freguent cause of 
brain damage. It is important to understand the 
long term effect of brain damage on b''jin composi
tion and function, as well as factors which may 

»-•• - h t o 

0 P 
1 1 , s . 

d a n , , 1. . 1 .1 

:: : 1 t._ 
" i j . n e t 1 

• t e . i'. : :n . • •• in t in-
' ' . • • ' . ' ' < '. e " . 1 . ' , r a i 

: . '. 'u "< :>'. - is: j'"s m,i.-e, 
1 ;• ' t i • ' : • > ,n : t 

• ••'1 a " ' n j i . i s n .' t o an 
••• •• is t h e : eh 1. : . • • • , . ! 
1 i i ' , " i I he "10! .r , i r 
' • •' ! e • : by ,'.o e n r 1 c h e , ! 
: ! • " , t h a t She l b ' 1 I t y t ' i 
I ' e s ', , IIS !'., \y be CC 1 V 1 -

.-;'. Hid • • • ten t it b o m 
: ' in ! !; ;,>-, her" i • a 1 e « p e r ' -

' , . ' . ! 1"S ore, i n s e l e c t e d 

t and Mltrrnatl_ng 

•if 
'1.I-MI1S by h-t. 
f le ids on the 
should prov l,|. 
netic flelds i 

' t l , 
:>h,ivi!r ot animals. These stadies 
lata ,'i' a .ritual issue--can mag-

11 e( L spontaneous behavior, brain 
excitability, or even the processts concerned with 
long-tern memory formation and storage? The gen
eral procedure is to tram mice on a one-tria' 
step-through passive avoidance task and then, 
immediately after training, to place the mice in a 
IS,00!) gauss ,.k magnetic field for one or more 
days. Subsequently, the mice are tested for 
memory of the task. In preliminary experiments, 
no etf"0ts ot the magnetic field on memory reten
tion have been detected. Future experiments are 
planned using an ac magnetic field. 
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Abstracts 

. EFfTCii (IF THIOL MODIFICATION AND CA + < ON 
uOMST-SPECIFIC STATE TRANSITIONS OF NICOTINIC 

ACETYLCHOLINE RECEPTOR FROM TOKPEJX) CALIFORNIA 
LLECTROPLAX 

ilrninislirrt .i-d tul'l. Flii",H attinity alterations 
not observed with 'I-tii!>ocur,ii-inc (,mt aqonist) 

Jeffrey V. Mi 1ic 
Bennett 

Ronalrl J. Lukas and Edward L 

Life Scj'_enc_e__s ?f, 1893-1900 (19/9) 

The agonist binding affinity of nicotinic 
acetylcholine receptor (nAChR) from Torpedo 
cal ifornica electroplax, 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 
(K30) is 10 uM when toxin and carbachol dre 
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 di th iothrei to I (DTT). Dithio-bisnitro-
benzoic acid treatment of DTT-reduced membranes 
yields K30 values of 5 uM for carbachol, while 
N-ethylmaleimide treatment of DTT-reduced nAChR 
produces nAChR with reduced affinity for carba
chol, reflected in K30 values of about 400 pM. 
In the absence of Ca , K30 values for carba
chol binding to native and DTT-reduced nAChR are 

binding to nACIiR. Ihus, Ca and the dation 
state of nAChR thiols appear to affect the affin
ity of nAChR for agonists (but not antagonists), 
and may therefore ue related to agonist-mediated 
events in reteptor activation and/or 
desens i tl/atinn. 

2. EFFECTS OF THI0-GR00P MODIFICATION AND CA? + 

ON AGONIST-SPECIFIC STATE TRANSITIONS OF A CENTRAL 
NICOTINIC ACETYLCHOLINE RECEPTOR 

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

Biochemistry 18, 2384-1395 (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 of solvent ionic composition. In the absence 
of Ca' +, the concentration of acetylcholine 
(AcCh) necessary to prevent half of specific 
3H-labeled a-bungarotoxin binding is-~l mM for 
nAcChR treated with dithiothreitol (DDT) or DDT-^-
ethylmaleimide (low-affinity states) and~-40 uM 
for nAcChR treated with DTT-5,5'-dithiobis 
(2-nitrobenzoic acid) or for native nAcChR pre-
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4 . INTERAC f iON UP M (..Oil M l KTLLP'UK A . H I M I Y 
REAGENTS KITH LFNTMAl ' ' RVUlo- SYSHM 
I-BUNGAROTOXIN BINI' IN. • " T ! i . 

Ronald J . Lukas ami t":ii .1 •t t 

Molecular Pjidntiaco_lp_g_y vlifw)), 17, My-ltib ;19!iU) 

Membrane-bound n-biingarotoxin-binding ent 11 les 
derived from rat brain art: found to interact speci
fically with the affinity reagents maleimidohen-
zyltrimethylammonium (MBTA) and bromoacetylcholine 
(BAC), originally designed to label nicotinic 
acetylcholine receptors from electroplax and skel
etal muscle. Following treatment of membranes 
with dithiothreitol, all specific toxin 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 
di'thio-bj_s-(2-nitrobenzoic acid), or by incubation 
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and/or desens > t i ; j i . inn ot f u n c t i o n a l c e n t r a l n e r v 
ous system n i c o t i n i c a c e t y l c h o l i n e r e c e p t o r s . 

p. L U L l l : - lit LUlAu ANESTHETICS ON CHOLINERGIC 
•••t.ONIsl Bl f i l ' INu AFFINITY (II CENTRAL NERVOUS SYSTEM 
i-BUNGAROIUXlN SfCLr'TORS 

Ronald J . Lukas anil Ldward L. Bennet t 

IEii_S U U e r s 108, JDf>-3bS (1979 ) . 

I t was suggested t ha t i f c e n t r a l nervous system 
i t - b u n g a r o t o x i n r ecep to r s are t r u e n i c o t i n i c 
a c e t y l c h o l i n e r e c e p t o r s coup led t o ion c h a n n e l s , 
l o c a l a n e s t h e t i c s might be expected t o cause b i o -
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chemicaily measurable increases in a-bungarotoxin 
receptor affinity for cholinergic agonists. The 
rate of transformation of oi-bungarotoxin receptor 
to the high-aff m i t y state was found to be acceler
ated after the toxin receptor had been treated 
« U h local anesthetics at low concentration. It 
«as, therefore, concluded that the a-bungarotox in 
receptor in rat brain is coupled to an entity that 
possesses sites for high affinity interaction with 
'ocal anesthetics, and that local anesthetic occu
pation of those sites influences a-bungarotoxin 
affinity for cholinergic agonists. The impli
cation is that the CNS ci-btngarotoxin receptor-
local anesthetic binding site complex is a physio
logically functional ion-conductance regulator, 
*hich displays the pharmacological specificity of 
i" acetylcholine receptor-ionopuore complex. 

7. CONFORMATION OF THE NEUROTOXIN CROTOXIN 
COMPLEX AND ITS SUBUN1TS 

Mi.-hael R. Han ley 

6 i c,c_hemj_s tr^ 1_8, 1681-1688 (1979) 
Crotoxin, the neurotoxin from Crotalus dur i ssus 

terj'ificus venom, and its two subunits, crotoxin A 
and crotoxin 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 
experimental results only at pH 2, where crotoxin 
was fully dissociated. From pH 4 to 10, crotoxin 
spectra could 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 
ll).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 S 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 equilibrium of the 
complex and that conformational interconversion 
may be necessary for crotoxin to act on different 
target membranes. 

8. BRAIN PLASTICITY, MEMORY, AND AGING 

Edward L. Bennett and Mark R. Rosenjweig 

Physiology and Lei I Biology o< Aging. A. Cherkin, 
C. E. finch", N. kharasch, T. Makinodan, F. L. 
Scott and B. S. Strehler, eds. (Raven Press, New 
York, 1979), pp. 141-160 

It is 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 is hampered by the 
fact that no satisfactory explanation of memory is 
available in either molecular or anatomical terms. 

This paper reports experiments that indicate 
that protein synthesis and anatomical changes may 
be involved in long-term memory storage. Environ
mental influences can 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 freq . 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 2_8, 99-104 (1980) 

Injection of 210 mg/kg of anisomycin 6 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 long- 4 rm memory 
formation. 



10. ROLE OF NEUROTRANSMITTERS ANO PROTEIN 
SYNTHESIS IN SHORT- AND LONG-TERM MEMORY 

Edward L. Bennett, Mark P. Rosenzweig, and 
James F. F '.ood 

Proceedings of the Second 'world Congress of Bio
logical Psychiatry, Barcelona, 19'S. In: Bi_o-
'ogical Psjrchiatr^ lodaj, P. Obiols, C. BalTJs, 
r. (joVzaTes Mo'nr'lus," and J. Pujol, eds. Elsevier/ 
North Holliinl Biomedical Press, Amsterdam (1979) 
pp. 211-, . i. 

Anisomycin is an effeitive inhibitor of cere
bral protein synthesis in mice and is also an 
effective amnestic agent for both passive and 
active behavioral tasks. From use of anisomycin 
in combination with a variety of stimulant ard 
depressant drugs, we r.nn. lude that the level of 
arousal following acquisition plays an important 
role in determining the duration and the rate of 
the biosynthetic phase of memory formation. While 
we have interpreted the experiments with aniso
mycin 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 inhibitors on memory. We conclude that 
anisomycin's principal amnestic mechanism does not 
involve inhibition of the catecholamine system. 
The 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 ANO 
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 (H = 70 per condition); (b) rats that 
traversed the empty maze box with no maze barriers 
present (N = 29 per condition). Whereas the rats 

who faced ma/e problems decreased average transit 
times through the maze on successive trials, the 
rats that traversed the empty box showed no regu
lar trend in running times over trials. Th? 
cerebral effects of maze experience versus control 
conditions were similar in pattern but smaller in 
magnitude than effects of experience in a social 
group in a multisensory complex environment. This 
clear evidence of cerebral changes as conseguences 
of maze training adds further support to the 
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 
linked with other eviience concerning the roles o' 
RNA anil of protein synthesis in the formation of 
long-term memory traces. 

i.>. HOW Pi A M U IS THE NERVOuS SYSTEM? 

Marn R. Rosenzweig anil Edward L. Bennett 

A_ Comprehensive HandbooK of Behavioral Medicine, 
Vol. ?, N. Taylor and" J. Ferguson, eels. (Spectrum 
Publishers, 19801, in press 

This review is intended to be partly specula
tive. Besides reviewing research, extrapolations 
are marie. Some of these extrapolations Are sug
gestions for further research and others predict 
possible applications of current and fc'ure 
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? It has been shown in 
some brain regions that k/'.-en one input tract to 
the region is removed, the endings from other 
inputs then sprout and occupy the vacated synaptic 
sites. Changes in neural connections have also 
been demonstrated when animals are given enriched 
experience or formal training. 
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IV-es --(\ every of f^ndion after Drjin 
'', an age 'n,o!»pe format'on ;if new compensator- y 
connec*'pn$ or only learning ways of using 
res'.dual capacities to mane up for the loss? 

A!though njf «. no*! edge of the forms , extent, 
ani ! irm tat' ons of plasticity is still far from 
,ompVtc ( we car envisage possible applications to 
T,ir:y conditions and problems of mdivu1j.il and 
S O L M ' irpor t ance. Among tnese di'e the following: 

\d] £nhan tinj Intel led jal ability. [If. prevent
ing or alleviating some Kinds of mental relarda-
tion and some kinds of learning disabilities. 
,[' Alleviating or delaying senile decline in 
intellectual abilities. (d) Promoting recovery of 
fund ion .if ter damage to the nervous system. Much 
tan be accomplished along these lines by behavior
al techniques, in *ome cases alone, and in other 
cases in conju'idion with phys 10 log ' i a ' techniques. 
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n:in>- 1 he tjrri i i r r j l r i ' , if ,i number of . h . i i ' n r . ' ' -' ' ' of i v r : -• w . . • • ' n ' s • "so !• n 5s 
j r . i !••:;•, , i n i i l l " ; P I T , * ' of c h o l i n e t h ' o M ! i ' , o c p o - ' r ' t ' ' ' •'. r r j i r r 1 i ' i o n .:•' I n r It' j r r e ' ' 
, - h ' i n r i r t n i i t M r , iml ' h o l i n e i n l i d e . 1 h ; •, w.r K '•, i j ' t i .! i ' T l : ! " ' . p.'wi"- of lmin;. l • l J •, t1.il I ' r 
•j-upp I -flli-'i t l ritj [i,l-, t lrvl pre' . .Ti l . - r a y t r y s t i l l ' - 1 o . n l :•' mr t r." • t r'. . m . e i n - ieqrer of JT I no 
q r a p h v ' . I I J .h i 'S le ' . i qn rd to in, nvcr the unique li ; ! ' . lCemi/ i ! ton :ti f o s s i l ' , is . ' t ten used to 
f a t e ! lit . " ho lme i ' l l o n . 1 i ' . r y ' , t i l ' , t ' l . i l ' r - . i l l ' ' " V I S . j ' ' " t i le t . ' S i l I s ' aqes, t ' I i S _ wor k, i ', SO has 
I t s ' em.lrk.lh i e r Id It. i y , 1', tleh.lv I.:' . . . i p ' l -it ions t i l t l e i . ' i r . in i l t.'.gy . ' ' 

in recen t ved rs , (.0 1 1 . ic . i r .U i • I'I w i t h nieir.t-.ers ot 
kese. i r i h ..n (.fiem i i .i 1 e v o l u t i o n is u u r e a s i n q ihe ; B.. f ' h v s i r s D i v i s i o n has ( o n t r i D u t e i t to our 

our jnders t . in . ) incj of tf ie chemica l events t h a t took uml r rs t in ' l I rsi or meL'Mn isms w h i r h , on the p r e b i o -
p l a c e on t f ie p r e h i o t i i F . i r t h , about ?.5 to 1.5 ' " ; i . i l i a r t h , 'i'ay nave c o n t r i b u t e d to a s e l e c t i v e 
b i l l i o n years aqo, events t h a t u l t i m a t e l y led to i . lvantaye of - - ammo ac ids over D-amino a c i d s . * 
the appearance of the f i r s t l i v i n q c e l l s . Most That c o l l a b o r a t i o n has con t i nued d u r i n g 1979 by 
s c i e n t i s t s r ega rd the appearance of l i t e as an p r e l i m i n a r y exper iments designed to show whether 
i n e v i t a b l e r e s u l t of the i n t r i n s i c p h y s i c a l and h i g h l y p o l a r i z e d , a c c e l e r a t e d p ro tons e x h i b i t any 
r h e m u a l p r o p e r t i e s of m a t t e r . Recent l a b o r a t o r y s e l e c t i v i t y in t h e i r r e a c t i o n s w i t h 1 - or D-amino 
expe r imen ts t h a t s i m u l a t e presumed p r e b i o t u Ear th a c i d s . 
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Abstracts 

•" : . : v •'. iw : c: , :>Kii v ; ; i i .-.N, l l s ' l i i t 

• I s ' I l.^s ; V t ' e . , I • ' . ! ' . , A l a r V U ' 1 . inO 
-' 1 C r M ' U f -'. . r "Tl io ' 

• i l l . i S y s . i . h ' : m . , I I 1 p r e s s , 1U;-'(1 

1 he cruvi' salt r'loiine chloride exists in twi 
crystalline po! /TTinr ph •,. One . i-form'., .yliich IS 
P'rs'-nt at ambient * i*mper it u'"e , is extraordinarily 
sensitive tc sini/ing rioiitinn. The other br
uins;, *hic", ,-xists above .'r.ct, is radiation 
stable. The present work shews that radiation 
s.>rs I 11 v 11 y increases --apillv above <b 0C, hut 
•'caches a ma-mium around fo", well be lew the t- to 
--crystal phase transition. This behavior is 
correlated with the on.,et of various rotational 
motions that Are indicated by recent NMR studies. 
We have also found that H atom irradiations of the 
::-form, and of the radiation stable choline iodide, 
produce as much decomposition as in the i-form, a 
result that is in accord »ith previously published 
theories of the mechanism of the a-form's uniqu'1 

radiolysis. 

2. THE RAQIORACEMIZATION OF ISOVALINE. 
C0SM0CHEM1CAL IMPLICATIONS 

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

I- r M l s C h e m - Soc_._ 101, 1049 (1979! 

The optically pure D- and l-enantiomers of 
isovaline (li, which cannot be racemized by 
ordinary chemical mechanisms involving i-
hydrogen removal, and which has been isolated in 
apparently racemic form from the Murchison 
meteorite, have been subjected to partial radi
olysis by the ionizing radiation from a 3000 Ci 
SOfJo y-ray source. Both in the anhydrous and 
hydrated solid states and as solid sodium or 
hydrochloride salts each enantiomer suffered 
significant radioracemization 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 

,!'-d .•! 'no a,-i' 
11 s s lis. , ,\o : 

'• . .'•'. , oris at a')'! * . ''•. le.awii"-

o-ogins rf Opt l .i! 'V. tiylLy in Nature, 0. I. 
niiM"'. eO. , i. Isevio', Amsterdam, 197s 1., pp. 'i ' - V 

We nave ,ho*r: that u p l n a l l y ai. t i ve am l nn 
a. ids. both as '.eli is ,v\,\ in solution, are 
Tuemi/eil when exposed to > radiation, i.uaut i-
tatlye values for this r ,ir) I orai e/ltl /a t ton as a 
turn lion of ion i / i ng-rad i it i on dosage have been 
obt lined. These values cast additional doubt on 
the validity ot the Vostor-dIbrirht hypothesis for 
the origin of optical selectivity in b lomo lec.u les . 
it was also found that the radiation doses to 
which mpteoritii, material has been exposed in 
outer space is enough to cause appreciable 
racemization of the a m m o acids. These findings 
render less secure previous conclusions concerning 
the presumed abioqenic origin of meteoritic amino 
ac wis. 

4. THE RADiORACEMl/ATION OF AMINO AGIOS BY 
IONIZING RADIATION: GL0CHEM1CAL ANU COSMOCHLMICAL 
IMPLICATIONS 

William A. Bonner', Neal F. Blair, and 
K ichard M. Lenmion 

U-r-la±rrs of L_ife 9, ?/9 (1979) 

A number ot optically active amino acids, both 
in the solid state and as sodium or hydrochloride 
salts in aqueous solution, have been exposed to 
ionizing radiation from a 3000 Ci 60r,o v ray 
source to see if radioracemization mic . aci ""pany 
their well-known radiolysis. y-Ray coses c ng 
55-68% radiolysis of solid amino a^ids typ._a iy 
engendered 2-5% racemization, whi.e aqueous solu
tions of the sodium salts of arr.-no acids which 
underwent 53-66% radiolysis showed 5-11% race
mization. Amino acid hydro, nloride salts in 
aqueous solution, on the other hand, showed little 
or no radioracemization accompanying their radi
olysis. Both radiolysis and radioracemization 
were roughly proportional to y-ray dose in the 
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range studied (1-36 % 10fc rads.i. 
the radioracemizat ion >f a^mo a 
state and as aqueous solum salt 
and the absence of rddiorarefnua 
hydrochloride salts is rational 1 
non-protein a m m o acid which has 
from the Mure hi son mnt-orite, CO 
hydrogen atom and is tnert'l'ore 1 
miration via th^ chemical Tiechan 
ordinary amino ,i'ids r&< cmi/e. 

K e r n a n i s m \ f ^ r , a ' ; - ^ M ' ^ r . , 

r. 11 s i n t h e s o ' * * t ' j i r »•>:••• : ^ p a r at- *' t . *^M •** « r :. . 

s a r e d i s c u s s e d , d ^ ' n o i - : • , , \ -. V. * l s s". ' ' r i' : -i",'- • - *-
1 1 o n f or a q u e o J S , i ' > \ : •'• ''••• •. - ' * - s ' a t p . " h e s-" ' : • j f • - •> ' * 
z e d . I s o v a l * n e , •! v a l i n e • r a "J-.. '• , / . s , ' .. t " , n ( ; w e , * ' » - 1 * a • ' 

Deen i s o l a t e o n / e ' 1J ' - , f - ' . j ' t S ""4 ? ' . / S • , " . e - - a ••%• 
n t a i n i no : - . ) ' t h f n t . w U H V , - ; * ,» : pn .^, tmp» r * • - . ; • 

n c a p a s l e o f r u > ' - T i . M t : :-r- v >' ; , " - t e d •- t h * . ' • < - ' : . . * i 
i sms o y wh i c h ( nem i •, f r a n i ' ' s m o c h p r : s *' ' 
N e v ^ r t hfr 1 * ' S ' , , i S'<-
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FRITH M LABELING FOR BIO-MKD RESEARCH 

f\u hijrj \f I tinnu>n 

•- . f , r ; i - *' i . * or- „•( wha t we * ' " . * i l-t ..t 

•• . , • *'•. *'••- :>•>- ., ,v «t i - a ' i i o r t c t i v i ' : > - ' . i t " ' • ' • i 
: • ;. fr- nrr;n ,n ;-,; ; >i r .,<, r .-,f * r 11 i um- 1 l i e ' > 0 

•r ;>o.,n is has bee' 1 pa ' ' t ' c . 1 d'" ">> impo r t .vu . As 
•"PSPcirch in r> Mc'hemis t r y and b i o l o q y has p m -
j ' ^ s s e d the need has a r i s e n to l abp l ( impounds of 
'- • I'M1** '-ijr'f i f 11' a c t i v i t y and of i n c r e a s i n g 
•'i ' *v ," v -wip'e.. > i y- - f or t1* Ample , 0 1 i go-
r> i. I - " ' , 1 I t ' s , po lypept i It's , hormones, enzymes. Jur 

i! .-'-a ti>r- v t in concer t w i t h the LBL Department of 
: n. : ronnent a 1 MeaU' 1 an..] S a f e t y , has g r i d u a l l y 
U-v e i oped spec ia ) * a; i i 11'es f c l and 1 i ng t r 11 i urn 
i t the -,i ' ' " j f i t 1 l e v e l . These f a c i l i t i e s h^-w 
al ready pr . i^en entreme 1 y v a l u a b l e i n p roduc ing 
' i b e l e g compound's t ha t .\r^ not a v a i l a b l e f rom 
ommerc 1 a ' souf i es . The pr i nc i pa 1 ways emp i oyed 

•o r compound l i b e l i n g ,Wf (1) microwave d i scha rge 
' a be 1 :r.r4% , ' • c a t a l y t i c 11 11 i o-hydroqenat i o n , : ? ' 

H i l / t i c exchange w i t h T^O, and M j r e p ' 1 -•'nent 
•' 'M ' oge r )tom<- by T. 

Alonq w i t h the development of the t r i t i u m -
l a b e l i i q f a c i l i t y has come a need t o b e t t e r 
unders tand the mechanisms by which t r i t i u m is 
i n c o r p o r a t e d i n t o o r g a n i c compounds. A b e t t e r 
u n d e r s t a n d i n g w i l l mean t h a t we can (a) maximize 
s p e c i f i c a c t i v i t i e s , (to) m in im ize r a d i a t i o n induced 
d e s t r u c t i o n , and (c ) c o n t r o l the s i t e s in the 
mo lecu le t h a t become l a b e l e d . 

. h.n ge .T.et no-1 M'«' 1 M u r e \ ' 
the i n t r •:, 1 i t ion of 

an I i t Mas been 
• i f s , f o r example, 
of the method is 

ul a mi < r i 'wavc 

.he mi l • owavi 
is par t • i .,' y \\ prom is ing t. 
t»" 11 i uf" i •'' t • Jimp 1 o v :ro '••( i, 1 
MO i fs ' - f *: : > use : to lab.- : • 
ms. i 1 v i . ' t ie csM-nt i al ' ra t 

goMiM-atot wh." •( the t < 11 i urn n iu l iT. , ! i " i arc par -
t - i ' l v de< ompo'.o : i n t o t r i t w r i aMms. lhe-.e Mt> 
swept past the -t ] , ! in . t a r g e t , w ' t i i h is m a i n t a i n e d 
at -1 l ) h ° . . A t ! ei- ,\n. exposure : line of about f l v 
f r i ' T j t e s , the tar-gel 's ' i n n o v d , warmed t o ami < nt 
tempe-at j f f s , an? d " - . so l ve , in an a p p r o p r i a t e 
so l ven t f-oi- subsequent p,,i i f i , j t i o n and r a - n o -
ai ' t l v 11 y c o u n t 1 ng p r o i e d u c e s . 

M eti^r t- T \ s imp le and leads to 
^ a c t i v i t y I t / m r i o l e ) , t he re are 
• <.VP under i n v e s t i g a t i o n . For 
lund th . i t e .pos i j re of s t y r e n e to 
ibe le i f s t w e r i e , but i t a l s o p r o -

A l though t-he 
f i ; gh <>pe< i f i c f ' i 
pfob lems . in ! '. *i 
examp 1e, we •ave 
T atoms le.i ' to 
duces po • / n e r i z a t i o n , v i n y l s a t u r a t i o n , and r i n g 
h y d r o g e n a t i o n . ^ Other compounds s t u d i e d as 
models f o r T atom e f f e c t s were n -hexane, 
hep tene -? , benzene, J -me thy lhexane , and m e t h y l -
:yc l o h e x a n e . ' S tud ies have a l so been c a r r i e d 
out on t r i t i a t i o n by the rep lacement o f ha logen 
atoms w i t h T atoms. These r e s u l t s i n d i c a t e t h a t 
c a r r i e r - f r e e t r i t turn- labe led p r o d u c t s , i n c l u d i n g 
b i omac romo le ru l es , can be produced in t h i s way.^ 
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Figure 1. The microwave discharge apparatus. The radiofrequenry generator' and the glow of 
the excited T? and T atoms are seen in the center. The sample being labeled is held in the 
liquid nitrogen-cooled receptacle below and to the right of the rf generator. T? is 
admitted from the left through the line with the attached vacuum gauge (upper left). The 
circulating pump for the T? is out of view at the bottom. VCBB 'bc;-6479) 

Abstracts 

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

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

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

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

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 activity. 
Removal of these, while possible with small 
molecules, poses serious problems with the Urye 
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 
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the Suitability of the method for labeling spe-
c if Tu molec.jies and also to gam informat1on tor 
devising purification methcds. Samples were 
exposed at -196°C for five dilutes tn T atoms 
generated in a microwave plasma at 5 Torr TT and 
l8-?0 watts. Model compounds included n-hexane, 
heptene-Z, benzene, 3-methyl hexane, rcethy1 
cydohexane, an:: styrene. After the renwal of 
exchangeable tritium, the samples were analyzed by 
gas 1 i qu i ] radiochromatography. Under these 
conditions, n-nexane yielded no labeled products; 
heptane-." and benzene yielded saturated tntiated 
heptane and cyclohexane, respectively, and 
3-Tiethyl hexane and methykyc lohexane yielded the 
labeled substrates. Labeling appeared to be 
selective with tritium incorporation heavily 
favored by the presence of methyne hydrogen. 
Parent compound label ing, except for tertiary 
hydrogens, is a minor reaction. Labeling is not 
limited tn tritium atoms from the plasma <\}one but 
may also be caused by long-lived radicals. The 
latter can attack susceptible solvents used to 
dissolve the labeled products. 

/. DEHALUbLNATIUN 0ND RING SATURATION BY TRITIUM 
ATUMS 

C. T. Peng, W. H. Chiu, B. 1. Gordon, W. R. Erwin, 
and R. M. Lemjiion 

Ai^ National Meet int], Honol.jl.j, Maw.iM, >̂pr- I i 1-6, 
I ̂  ;^ 

i odone »ane. \nUu yi_ iohexane, f 1 uor.jbenjrene, 
:cdoben;eni'. m-ur umotoluene, m- lodotoluene and 
ether compounds were briefly treated with tritium 
^{ n ^ , generated bv T.ioiuwave discharge ulivation 
of tritium gas. Uie purified samples were 
an*i ly.'eii by rad ioga\ chromatography on Carbuwax 
a riid St-.̂ l' (o!ur;ins using temperature programmi rig. 
Radioactivity was measured by proportional hunt
ing of the column effluent and also by liquid 
scintillation lou'iting of the iolletted trac
tions. -''M- 1 abe 1 ed he xano and eye lohexane were 
f or"ied exi 1 us i ve 1 y t roni mdohex ane and i odoi.yt lo
hexane, rcspoi t ively. Labeled beruone was formed 
from r luoroben/ene and lodoben/ene, and labeled 
toluene from m-lodotohiene. Also formed were 
labeled ryclohexane from uuloben/ene and labeled 
methy 1 eye 1 ohexane fcom m-bromoto 1 uene .ind 
m- lodoto1uene. i)ehalogenation and ring saturation 
by tritium atoms were apparently efficient under 
these conditions, but small amounts ol labeled 
halogenated compounds were also formed. The 
presence of PdO i, Pd(10%) charcoal, iodine and 
n-hexane in iodoben/ene during reaction altered 
the extent of tritium incorporation and the 
activity distribution between the labeled products 
(eyelohexano/ben/ene). These results indicate a 
mechanism by which <c\rr ier -free ^H-labeled prod
ucts, including biomacromolecules, can be produced. 
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CHEMICAL CARCINOGENESIS AND THE PHYSIOLOGICAL 
STATE OF THE CELL 

Jnnu'\ ( . 

Cancer 15 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 stones of people who have smoked .ill 
their lives 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 is 
a complex process that is 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. In experimental animals the involve
ment of chemicals in cancer has been well estab
lished. In certain human cases, epidemiological 
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 these 
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 o_f _the Metabol ism of Polycycl ic 
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 monooxygeiase (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 
I 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. 

\nltinn-n 

Manv other iellijlar rea< linns involve detoxi
fication ot epoxides ot PAH. Ihe major deto>iti-
cation react ions involve ennjugat ion ot the 
epoxides with ijlutnihinrie catalyzed by glutathione 
b-epnxide transferase, format inn of conjugates of 
glucuronic acid, and sulfation ot the phenols. 
The importance nt these reactions to chemical 
carcinogenesis is pointed nut by the observation 
that in tissues with a low sensitivity to carcino
genesis by PAH the efficiency of these detoxifica
tion reactions is considerably higher than in 
tissues with a high sensitivity. 

Studies have shown that the alnlity of cells to 
metabolize PAH is influenced by geneti; factors, 
and the locus determining the indueibility of AHM 
in mice has been identified. A positive associa
tion of this locus with the bindng of BAP to DNA 
and the susceptibility of mice to chemical car
cinogenesis has been shown. In humans, the 
involvement ot genetic factors in AHM induction 
and chemical carcinogenesis 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 factor 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 factor-, 
as explaining such variances. Evidence suggests 
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 all cancers in men. 

Epidemo logical 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 lipid diets in enhancing chemical carcino-
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genesis "iy be related to t'n- metabolic activation 
of carcinogen -n tnr tar'1)*'', tissue, however, the 
mechanic:: of the hpi ! eM.- t m m a i ns unknown. 
iiprr iTcnt', iriiate I'M! "H- fatty arid compos'-
tlor: of IN'- phospholipids ' 1/ regulate the strss-
ture of thi lup'as'r-li 'ner ;,'" ano by ' nf 1 jenc 1 ng 
hydrophuo>c :,'. r I-, [j.'twf •' ofrprane proteins and 
phospho I ipils , m l th.s - : • ) / " turn offcrt the 
activation of hi-iiiii •)' . i'- inogens. 

Thi- I'tli'if. r.t in-l. nv lipid variatiih on 
mono ) */griia •'• a fi/ity i" 1 ' ndur. fion h r, .Seen 
n/ost igateil u: oor 1 aboi itnry. I'liaM- transition 

temperature ino isu-ement s 1 M [jar an 1 troan 1 so 1 e i t'NA 
b-denethylaso and -JAP '1 ,- li o > y I ase indicate that 
the phase transit inn 'on p.o atones i and membrane 
tatty ac id compos 11 1 of ire altered by dietary 
lipid changes, in addil oin, results indicate that 
par 1 1 cu I ar" fatty a< M s ir ay be necessary t ur induc
tion of 111,1/imal ,i(. t w 11 y ot particular enzymes in 
the monon/.yqe nase, since phennbarbi to 1 - induced PNA 
0-demethy1asc activity was lower in d iet_-a I tor 0 1 
mi rusnmes than in controls. Thus, changes in 
dietary hpi; 1 oinpos 111 on art.' capable ol causing 
' hanges in r arc t riogen metabolism and the ratio ot 
ai t1 vat ion/do astivat ion prnducts. 

Our experiments with the effect of lipids on 
the inetanu I ism ot BAP in (..ill 10 1 L/? mouse embryo 
fibroblasts has shown that the cu'ture conditions 
of the r.eils ran affect the quantity and kinds of 
metabolir products produced. The cells have been 
cultured in Minimal tssential Medium (MFM) and 
Basal Medium Fagies (BMf j supp lementerl with either-
fetal call serum (Its) or- rle I ip iriated fetal calf 
serum (SFC'iJ. fond 11 ions for equal growth have 
been established tor use in metabolism studies. 
BAP metabolism has been measurer! by fluorescence 
emission spectra and radiometric analysis of 
tritium label eil met.abnlit.es separated by HPLC. 
Fluorescence emission data indicate that BAP is 
metabolized to different products in cells 
cultured with M[M and IJFCS compared to cells 
cultured in MFM and FCS. Fluorescence data also 
indicate that BAP diol-epo*ide is formed when 
cells ari1 cultured in M1M, while there is no 
evidence of BAP diol-epoxide formation when cells 
^ire cultured in BMF. Radiometric analysis of 
individual metabolites from cells cultured in BML 
indicated that cells cultured in BME and FCS pro
duced more water-soluble metabolites than cells 
cultured in BME and OFCS. Cells cultured with FCS 
also exhibited more overall metabolism of BAP than 
cells cultured with DFCS. In conclusion, both 
serum composition and media selection have been 
shown to effect BPA metabolism. 

Z. Chromatin SJr_u.cJ._ure arid the D_j_s_t_r_ibut ion o_f 
Carcinogen-DNA 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 ONA 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. 

. l o . l v n o . i n g e s t • •'• of n r o ' i M t 10 w l t h r o j i l o i s o s 
I . e . I n or t 111.- p r l - i i - y t o o l - , f a p r o P l n g 
, l o o n i . i t 10 s t r r f t j r . - . ! b e \ o e ' i , ' v ' - |es lo-lve n o t o n l y 
h o o n u ' .o f j l i n ,11 t i r i ' l m i l o u s o i ' l a l l i r ' a y s , b u t 
h a v e I d i - n l I t l e d r e g l - r i s i t t t i , - r hn i r r i , ; t 1 n ai l i v e l y 
i n v o l v e ; ] r . t r i n o i i p t i o n . d o o > y r l b o n u s I e a s o ! 
i l l ' , i n . I • • l •.. • 11 ' , ) ! I v 1 t V t o \ f i f i s i r I p t lo r r e a t l ' d 
'!'<•'<. ',t aphyl.i. in i a I iiu'lere K i n s speii'i H y 
tor tran'.i ilbirui ")')•',, Pol I I •!•", I«, bridge PV'. it i 
lisli'r rate than n ,, 1 oO'iima 1 UNf.. Ill'-- d '. f t I'O'II -
tlal Sensitivity of deo < yr l bonus lease I to 
chromatin appears to involve the increased 
acetylation of histories. Histone acetylation 
increases when tin- chromatin is involved with 
transcription, and therefore, may explain why 
deoxyribonuclease I preferentially digests trans
cribing DNA. Acetylation does not appear to alter 
the rate or extent ot digeston ot chromatin by 
staphylococcal nuclease; however, acetylated 
nucleosomes are released from chromatin at a 
faster rate than non-acetylated nucleosomes. 
Acetylation, therefore, seems to alter the 
availability of sections of chromatin to enzymes 
like nucleases and RNA polymerase, and may also 
afiect the binding ot small molecules like 
care inogens. 

The differential sensitivity of endonucleases 
to sections of the UNA in chromatin have been used 
to probe the distribution of carcinogen nucleotide 
adducts 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 I 
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. K the carcinogen is concen
trated in the bridge DNA, 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 distribution of BAP 
diol-epoxide in the chromatin of human lung 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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-}fvl p'-*j,,-jr.»! ', --(-p1!. i: • ,': v. mop-p w,!' 

Br ; J'jf IJNA, * M ft »M !•••!'! ;>• .iposc! ;•, 
(,) it- where H i/ u i f r\i<yTitin{ s hp-j 1 " .!'•' 1 
pos'..'hiy 4 J ! S ' -v, t'i»- .'T-'i-'in site M r 
•'oyj «vitti-" y p r-, 11 r •• FIS , 'u', a higher Mr,,)-
ef re w w r thtir rut. IIMSOI'H ! DNA. 

r. 1 u n e n t ' . el- t h e . |er.ome t t H i a r e i n . e 1 ,- p 
w l t n r-e LJI • 1s t l . v r e 1 t t - F . i l ! t - . l s e q u e m P S ; 1 11 nc 
mart- r . v i n , . j | . , i s t " . ! n " t ' ' • v s e c t i o n S C.f ! Hi-
;enomt - . 

. n ijc-rn'i- i i , the '.-
genome n e mori- l i. o i 
gens tn-3rr riori.r-e.j,, ; it 
why carcinogenesis : , 
than mut agents i s . 
structural i-:.»i"il 
during rhanges in the pnys'o 
eel 1, the susrept ibi ! ity ;.'t 
rareinoqen-induced damage wi 

/ i- lenient s ef the 
iltt-red by rarrine-

•mer i s and may i nil I , ate 
, rhemi.als is more efficient 
t 11 so suggests that as the 
ut the- chromatin art^ altered 

iqi.'il state of the 
gi.'en locus to 
ilsc be al tored. 

rVe have been developing the simian virus 4U 
S V 4 0 ' "•'-rn. Iromos<.irie' system fur- studying the 

effect n1 .'irmatin stnutun- on carcinogen 
binding to iiNA. the 3NA of 'SV40 is associated 
with histories in much the same way as in ceilular 
Jiromatin; however, thp histones of SV40 are more 
acetylated than cellular histones. Replication of 
SV40 utilizes cellular enzymes and presumably 
proceeds m a manner reflective of cellular UNA 
synthesis. The utility of SV4U in studying the 
effect of chromatin structure on carcinogen bind
ing comes from the ability to make changes in the 
chromatin composition and monitor the alterations 
in structural organization by spdimentation 
analysis or electron microscopy. Extraction of 
Hi converts the chromatin into a more extended 
form. Ginrlar conversions were observed at 
extremely low ionic strength in chromatin con
taining H[ and in chromatin involved with 
transcription. 

SV'IO mini chromosomes were reacted with low 
levels of BAP diol-epoxide tu 41vc- less than b UNA 
adducts/rmnichromosome. This level of adducts dirt 
not detectably alter the structure of the mini-
chromosomes, but high levels of modification did 
lead to extensive fragmentation. Relative to 
naked SV40 DNA, BAP diol-epoxide induced alkyla-
tion was reduced and strand 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 scission was probably 
due to the catalytic effect of histones on the 
rate of S-elimination a f apurinic sites, 
although an altered adduct profile or the presence 
of a repair endonuclease were not excluded. 
Staphylococcal nuclease digestion indicated that 

At1 . :• 1 ' - • • ; , - • 1 •. - in- i . .m ' , \ n , v i i t e - l I ' H ' T i n l -
" ' . w i v . >•• 1 ' . ' > • • . " " . ' - . • -. •'- . . - n t r a s l I " s t u d i e s 
• ; •' , r . ; . , •• M i i r - . i i i n w h e r e 1 " t i-r uu i .1 r n s o m . i 1 DNA 
v , 1 , I .0 .- ' - ; • < , 1 . . . l i r . r o . o 1 r * e r t - r n es i r i t h p 
•- -. nr-or..; .s.w .' , ' o ' . . - - ' , omp i r i i i e r \ w e r e ' e s p o n s l -

.( Ta"-. 1J--1 UNA i n M a m m a l i a n ( e l 

;r< - M l i i a- .es ' i . - T ! . t ' \ 1 ' i . i t i n i t i a t e l a r t l n o -
j e o e s l s h a w !> . ' • " ' s ' l I K I - t o h i n d t o UNA. t h e s e 
urnpoued- . i n h i b i t UNA s y n t h e s i s w i t h an e f f e ( t l v e -

o r v , f i . i t . . t ' . ' I i t i " . M 11 n t h e i r 1 a m 1 n n g e n i c 11 v . 
n h i l e t h p i n v o 1 , p m e r u -it UNA s v ' i t h e s l s 1 nh 11> 111 o n 
i n . .11-, i n o u p n e s i ' . has n o t b e p n s h o w n , i t i s 
' r . i . u i a t l r t o . i s .umt - t h . i t e r r o r s mane i n t ne 
; i r o i e - , s l r i g , 0 . ( . imaged UNA lea-1 t o d e l e t e r i n u s 
e t t i n t s on . e M i i . v ' u n i t i n n s , some o f w h i c h m.iy 
l e n t r . L . i i h r ' ' - . I ' d r - r ^ t a n d 1 i i i ] t iow c p I I s r p p l l o a t p 
tam. iu t '1 DNr. m a , ' i e ! o i . , . e . i e r - , t a n d 1 rn j i a r < 1 n o -

j P n e s i s by l i e i l l - 1 '-, , inO i i ' l t a i r i l y w i l l l i d HI 
u n d e r - , t a n d 1 r u ;:a-, i .-1 i / u l ie. b a n i-uns i d DNA 
s , n ! h i " , i s . 

'i 1 .] ' l I y i olllp I 
p r e s e n t e i l t h a t th>a 
s p a ' i i i o r g a n i z - i t o 
t h e S p h a s e o f i l l . ' 
g e n o m e , t e r m e r ) r e ; i 
r e p 111 a t i ori i n 
s i s i s i n i t i a l 
i xpe i u i i p n t s w i 
i n - i n a t i - d t h a t 

- a-.ii 

rat 

ar ,-!-! i. ,il,A takes place in a 
ai. \ , i .leni e lias been 
' -. bol h a t empnra 1 ami 
ot ONA -.yrrthesi-, throughout 
•' 1 .-'''-. '..-- t ions of the 
oris, a--'- the basic unit of 
rithin a repl icon DNA \ yrlthe-

eorngat"d, ami t.-rmi nated . 
isNA liber ,iitoradiograpiiy have 

._. pit-'oris ar-e organized in domains 
irh tnat each rep I iron in a domain initiates DNA 

synthesis at approximately the same time within 
\. Herenl anal/sis of the maturation of newly 
syn! ri,.s i zed 0NA t-aqinen ts rontinns the domain 
concept of rep 1i on organization, and shows that 
the rate-1 unitiny step in UNA synthesis is the 
maturation o! repl trims into large molecular-
weight LlNA. 

SV4(i rep ! i ..at I on in monkey kidney cells offers 
an exir.'llenl model system to study thp alterations 
in euraryoti'- UNA synthesis caused by chemical 
carcinogens. The replication of J V 4 0 utilizes an 
cnzyiiial K apparatus ,applied |-,y the cell. Ihe 
S.V10 rep i icon can tie considered as an example of a 
Pucary.utic 'r-plicon, but probably lacks the 
constraints imposed by involvement in a domain. 
Heplirat ion involves initiation at a specific 
loce. on the parent molecule followed by bidirec
tional synthesis until the growing forks approach 
each other 18(1° away from the initiation site. 
Termination of svnthr-sis is rate limiting in SI/40 
UNA synthesis as in cellular DNA synthesis and 
requires separation of .laughter molecules con
taining gaps. The replication forms of SV40 DNA 
have been partially separated by both sucrose 
density gradient centrifugal ion and agarose gel 
electrophoresis. These techniques give resolution 
of the super coiled form 1 DNA from relaxed cir
cular form II DNA and other replication interme
diates. The form II DNA is a mixture of molecules 
containing gaps in the process of terminating 
normal replication and molecules with random 
single strand breaks arising from form I DNA 
during harvesting. 
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u .j' I '![] the past / i d r 
St BAP 1 1'i 1 -epux 1 de on 
save ^en te red on cha-ac 
'• ir 'n I i n - j l » " j 1 es t h a t 
"en 1 l i •it*' '. '• n t hi:- prese 

ir i t u d U " . on the e f f e c t 
• r e p l K a t i o n of SV40 
-1 z ing the gap in the 
umulate when jV40 

• of BAP <! l o l - e p o x I Je. 
• •'.'• ' o f : I ! >tr-'j( t o res .)o c o n t a i n BAP J i u I -
L H ! | I - r. i r " ! " J ted :./ the r a d i o a c t i v i t y de tec ted 

toe IV.J 1 a! '• ! : ' in ! f i j l c , when r e p l i c a t i o n is 
-r ie< ' ,• . ' r ne present e nf t r i t i a t e d BAP 
i l -epe<: ] . - . !.-o P.'i r e s l r l e t ion of the form I.' 
!.' ,}>'•. t -Mowed l;y i l k a l i n e sed iment at ion 
i1 /*, i s >1 the r e s t r i r t i on f ragments shows tha t 
>• j.ip is l o r . j t ed randomly around the SV40 ONA. 
tempts to t i l l the jap b/ adding n u c l e o t i d e 
' phosph i tes * i t h n w c - r , c t r a n s c r i p t a s e haw 
l l . - d , t -i*i i. at -. nq t h i t polymerases are b locked 
xn " ' o / i n g a* ross the gap. These exper iments Arr 
• s e n l i y pe inq rlone w i t h polymerase I I rom f . 
I i ln. i t h r . some "proof r e a d i n g " c a p a c i t y to see 
t h i s type of polymerase can i n c o r p o r a t e nuc leo -

le t r i p h o s p h a t e s i n t o the gap. We have been 

f o l l o w i n g the ' a t e of these form 1: st^uC t i res 
over long pe r iods of t ime to see i f the c e l l s can 
r e p a i r the l es ions and a l l ow the form | ; s t r u c 
t u res '.*. be conver ted i r t o fo--m [ m o l e c u l e s . 
These s t j d i e s i n d i c a t e t h a t the form I i and the 
adducts on the form I I are s t a p l e f o r at leas t 
;h h r , and tha t the c e l l s are not r e p a i r i n g the 
l es ions i r t he IJSA. 

Another approach we have taxen d u r i n g the past 
1fir to s tudy the s t r u c t u r e of the SV4G UNA p rod -
j c t s t ha t accumulate a f t e r t r ea tmen t w i t h BAP 
l i o i - e p o < i d e is to produce a n t i b o d i e s to the BAP 

d i n i - e p n x i d e . We nave j b t l i n e d a n t i b o d i e s that do 
p r e c i p i t a t e BAP d i o l - e p o o d e l abe led LIKA s p e c i 
f i c a l l y , and w i l l use these a n t i b o d i e s to map the 
p o s i t i o n of the BAP d io l -epox l cte on the SV4C 3NA 
r e l a t i v e to' the gap. these a n t i b o d i e s w i l l a lso 
be u s e f j l in i s ' l a t m q , i ; i forms of DNA c o n t a i n i n g 
RAP ) i o l - ( ' p o < i d e . 
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Abstracts 

1. ARYL HYDROCARBON HYDROXYLASE INDUCTION IN 
MOUSE LIVER CELLS—RELATIONSHIP TO POSITION IN THE 
CELL CYCLE 
J. F. Becker and J. C. Bartholomew 

Chem. Biol. Interactions, 26, 257-266 (1979) 

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 cl 8) have lov> basal 
levels of AHH which can be induced greater than 
100-fold by BAP. Cells were synchronized in 
Gi(Gg) by serum starvation and in S by release 

*See Abstracts. 
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from serum starvat-on -,n combination with excess 
th/ir: d t"0 . when released from G; GQ; by 
•-eplatmq at 'oner cell densit, n fre-,h nedijm 
• U i ?0\ serum, cells began entering S n'fi a 'aq 
of K ! h. Addition of BAP . ; ..grrl ^ n before 
sprjm stimulation, at the ti-ne ot stimulation, or 
7.f- h after stimu'ation all gave similar induction 
*inetics: the AHH activity pea*ed as the -e']s 
began entering S regardless ot when the BAr' was 
added. Cells blocked in various parts of S by-
excess thymidine were inducible for AHH activM. 
as efficiently as cells moving through S an-d mto 
f-. These results indicate that the induci-
bility of AHH is greater when cells A>'^ activel* 
proliferating an,! may be a contributing factor to 
why growing cells ire more sensitive to muta
genesis and transformation than quiescent cells. 

?. SPECTRA OF CELLS IN FLOW CYTOMETRY USING A 
VIDICON DETECTOR 

Charles G. Wade, Richard H. Rhyne, Jr., w i 1 i • iin H. 
Woodruff, Oavid P. Bioch and James C. Bartholomew 

_J_._ H_2_s_t_ocnem. Cytochem., 2], 1049-105? (1979;. 

A TV-type vidicon detector w a , interfaced to a 
flow cytometer (FCM) to obtain spectra of fluoro-
phores in cells during flow. The normal opera
tions of the FCM are undisturbed. A spectrograph 
spreads 320 nm of the fluorophore fluorescence 
emission across the 500 channels of the detector. 
Spectra of fluorescamine (a surface labeling 
agent) and of propidium iodide (a nuclear 
stain) were obtained from Balb 3TJ 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 
in the continuous mode gives for these fluoro-
phores a S/N cf 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 Q>\ 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 BENZ0[a]PYRENE AND ITS DERIVATIVES 

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

Cancer Res. 39, 2538-2543 (1979) 

We have used flow cytometry to monitor the 
alterations in cell cycle distributions caused by 
chemical carcinogens. Two closely derived mouse 
H Y P - cell strains growing in culture have been 
= t-d with regard to the effect of benzo[a]py-
rens snd derivatives of benzoQf]pyrene on DNA 
s/iif'tsis. The derivatives tested were (-t-)-trans-
7a,8B-dihydroxy-7,8-dihydrobenzo[a]pyrene; (+)-
7a,8B-dihydroxy-96, lQB-epoxy-7,8,9,10-tetra.hydro-
benzo[a]pyrene (diol-epoxide); and 7,8,9,10-tetra-
hydroxy-7,8,9, 10-tetrahydrobenzo[V]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 

t •.->• ;i .a. i- » i t " •' . >•., ,.•;;.. v . .i : :n. 
n o I t' H f i s r 1 '.r. ii I , , ;, . t I r.,.| • nn, !,• ;• , 
^ t u d ' O S l ' H l l . a t r d th.lt t h e r l ! v< :e p e r t ,ji b.itor 
caused by ,! i o 1 -epo, 'de are . ,nv, \ \t ent , w i \ h 1 '"• 
'•ate ,if traverse of '. being \ ' nvi" than .it'ici 
phases ot the re' - iyi 'o, ,ind tfi.it a-, i •-1 '-. ;i .•• 
through S their --ate o! DNA \ynthesi'. doi t o,i-.,.-. . 

4. CHEMllA; iAK,:N,ulM',i' AN.' 'Ml . ••• '.; 11; : o,l . ri. 
STATE OF THt ;EL. 

J lines !'. Bar t no lomew, Howard B. Gampor in; 
Hi sail A . v -k ••• . 

Molecular Basis of i ov i'orirrirnt i! In.:- it_,, l-. 
Bhatnaqar, ed. Ann Arbor '-., ion< o fob., Inr . , 
I980\ pp. :,'.•:-i.'S 

It IS b e c o m i n g I n r r e a s m q l y e v i d e n t , tl.l! t h e 
biochemistry of the coll plays an import.mt role 
in d e f i n i n g S U M e p t I b i 1 I t v to r irt i n u q r h e s is b y 
chemicals. Not all spoilt-, .ire equally -.usrepti-
ble to a given chemical ran inoqen, nor- .no all 
tissues from a given organism malignant ;, tran-,-
formed with similar efficiencies. In fail, the 
same cells in different parts of the cell r yr le 
are transformed with different efficiencies. 
Current concepts of the mechanism! s ) ot i horn i . 11 
carcinogenesis involve the covalent l.-.teract ion o* 
activated chemicals with cellular macromo leru les, 
in particular DNA. In some cases, chemicals are 
metabolically activated by the colls themselves 
before covalent binding is possible. This review 
article presents evidence that the cell suscepti
bility to chemical carcinogenesis is modulated in 
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 in 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 remaining in the DNA at the time of repli
cation is most detrirrental to the cell, and 
different cell types have different capacities to 
replicate DNA in the presence of this damage. 

5. DNA ALKYLAT10N AND UNWINDING INDUCED BY 
BENZ0[a]PVRENE DIOL EPOXIDE: MODULATION BY IONIC 
STRENGTH AND SUPERHELICITY 

Howard B. Gamper, Kenneth Straub, Melvin Calvin 
and James C. Bartholomew 

http://th.lt
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P r o t . . N a t l . A c a d . ' . L i . U',A 7 7 , / Q U J - . ' U O A 1 9 8 U , 

' ,upf'F f i * - ! " . s i and p v t i a l l y r e l a x e d J * < V J Oft A 
* e r e r e a c t e d i n ^ i t r r « : t h , • , 7** , b i - d i h y d r o x y 
- ' M , iO i - t * p i j * y - / , - •, 9 , 1 . • U ' t r a h yd r o b e n / o [ d J p y r e r i f 

baP J i o l I ' p o - r ^ . The m o d i f i e d UNA c o n t a i n e d 
V }<..}ninf a n d N h i J e m n p h y d r o c a r b o n a d d j c t s 
••"• t h e n t i ' i <->b:I4. J u p e r h e l i r . j l J V 4 0 UNA was 
a p p r o * l ' f i . U ' - ' y bX i\K)Tf s u s c e p t i b l e t o m o d i f i c a t i o n 
* n-in p . j r t : ,i f y < •• I ii »t-d v l r a f DftA . C o u n t e r t o n s 
i n h - M t ' - d [jfi A a i k / i a t i o n by up t o 9 0 1 , M o / * 
b e i n g S i ' i - f r ! \ m o r e e f f e c t i v e t h a n Na* . The 
, . " i ' , 11 w '< t y ::t ( ' i v i l e n t tj i nd i nq t u h e l i x s t a b i l i t y 
i s c o n 1 , i') t * - i d rfith -i r i ' . u t i n n c . o m p l e . i n w h i < h Bdf 1 

1 t :J I i ' | l ' " ! '.- >', i n t < " " < ! 1 , j t e d . 

The super -he 1 ir a 1 lens i ty of the modified tJNA 
•••J!J*. trates M T , determined e 1 ec trophor et u a 1 1 y 
•i latwe to par tidily relaxed standards -and an 
unending anqfp for the hydrocarbon adducts was 
•.a lru 1 atcd . Fhe angle was dependent upon the 
supern*--! ic 11 y of • i-e UNA molecule and ranged from 
ij0° t.n i0°. this :iato indicates that the 
modified b.i'.e [i,)w, are disrupted and, in the 
presence of torsional strain, act as centers for 
the further den.itur.it ion of up to 8 adjacent base 
pair*,. In the atisence of such strain the alkyla-
tiun sites have an ordered structure with the 

attached hydrocarbon probably oriented 'n the 
minor ')'' major groove of the he<i». 

ROU OF G(i-G! ARREST IN THE INHIBITION Of 
TUMOR IFL. GROWTH BY INTERFERON 

Ab 1 a A. f.reasey, James C. Bartholomew and 
rhomas :.. Mpr i gan 

Proc. Natl. Acad. Sc i. US_A 77, 1171-1475 (1980) 

we report that human leukocyte interferon 
preparations are capable of influencing the 
transition of human melanoma cells from the "A" 
state to the "B" phase. Human melanoma cells that 
enter a quiescent stage at high cell density &r^ 
more sensitive to thr cytostatic action of inter
feron than those that continue to proliferate 
under similar conditions. Cell eyele perturba-
tions caused ^y interferon in these cells include 
a decreased transition rate out of Gg-G] ("A" 
state] into 1> ("B" phase} and a prolongation of 
S. These findings support the idea that some 
metabolic event is required for progress through 
the GQ-GJ phase of the cell cycle and is 
susceptible to interferon action. 
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(iENE EXPRESSION AND MALKiNANT TRANSFORM A HON 

•• ! ' n " : . • ' • « t u-.n o< t h e f e l l w i t h 11 s n i v i ' v n -
•'•«:.' '." m : e r t o i'\'.i'! s t are] how r o l l s t.ec o n e 
d ' ' " : ' . i f . '. l ^ p - ' t i r . t U \ t i d y t n i r e ; i ' at "• <' 

t t ' s *- ,t - s p t " l f u f u n c t i o n ' . ' n rio r n a 1 i e 1 1 L- un let 
1i • - ; • t - i* , " ] • : ' I ' , i r < . . w ' l .-u ! ( , . ' • (> i s t h e o b v i o u s 

s v s t e ' ' '* i l l : ' -•. M v . i ' c e r - , who ' - euk a r >-ot U" v e i l s 
.it-,. eer, . o t : f r o m * he o r g a n i sm an.1 p l a c e d I n c u I -
: , ' ( , they r a ; ; i d ! v lose t he i r a b i l i t y t n remain 
: i f f ereet i at <•.; and t h e i r metaho ' i sm becomes m -
r t a s i r v j ' y ; ; ' v < n l v t T is the c e l l s adapt to r u l -

! ,''e : UTI .J I t i ons . The ' - e l a t i o n of t h i s a l t e r e d 
r"et ubo ! i sm t r less of s p e c i f i c f u n c t i o n s is p o e r l v 
• i f d c i ' s l c i d an : has out been \ y temat u a 1 ly 
• " v e s t t q a t e d . 

'•" H ' d t hi l i t e r a t u r e or ! arc i noqenes i s uses 
s v s t p r i s t * M t , i ' t i n d e e d a b n o r m a l n T- u n s t a b l e , ' l i e 
answers de r i ved f ••on such s t u d i e s are at best 
i naccu ra te q u a n t i t a t i v e l y <\n>\ i t w o r s t , meaning
less 'n te rns of the mechanisms of i n i t i a t i o n of 

ma 1 iqn int s t a t e . 

I t is our t h e s i s t ha t t h i s s i t u a t i o n cou ld 
improve i f more a t t e n t i o n were pa id tn the p h y s i o 
l o g i c a l s t a t e and ihp me tabo l i c makeup of the c e l l 

whpn i t is p laced in • u l t u r e . Under the assump
t i o n that a l l c e l l s sharp common " n o n - d i f f e r e n 
t i a t e d " f u n c t i o n s , a c e l l has bpen d e f i n e d as 
d i f f e r e n t i a t e d i f i t e l a b o r a t e s a o iven (or a set 
o f ) t i s s u e - s p p r i f i c m a c r o m o l e c u l e f s ) . This is an 
er roneous n o t i o n - - o n e t ha t indeed has led i n v e s t i 
ga to r s to ignore the d i f f e r e n t i a t e d na tu re of 
me tabo l i c c o n t r o l . Desp i t e the f a c t t h a t i n t e r 
mediary metabo l i sm is common to a l l c e l l s , i t is 

This work was suppor ted by the D i v i s i o n of General 
L i f e Sc iences , O f f i c e of Basic Sc iences , and the 
D i v i s i o n of B iomed ica l and Env i ronmenta l Research, 
O f f i c e o f Env i ronmenta l Research and Development, 
U.S. Department of Energy, under Con t rac t No. 
W-7405-ENG-48, and by t he N a t i o n a l Sc ience Foun
d a t i o n , Grant No. PCM 771498?. 

m o r e •-,, ' e . - a ' e ! ! u, •• . . . • ' . i ! ' ir . ' ' , 
sec end a r r . i i \ t hr r e , i,, in • -,r t * i f . " n t o ; s > t ; , . o 
a n d ' t s r e 1 <! i . >n t o v i > i ! e : ' n e o e n e ' I \ . io o r , 

I . Rr 1 l t j n r i i d i r u ' i ' - n t i i i u ' i ' t . ' . ! i .u t " •. ' . " 
Reu.ul a t i o r o i Gene ; - j t i c s c ; or 

A. Rnqj l 1 i t ' on o t ! e i l , J < J , r ' . y f i t ht •'. i ' )r<: 
F r b r o n o r t i n i n V i r ' ' i a l a n d Y i r u s -
1 r a n s f o r m e d '*•']]• 

We h a v e ' \ t at i 1 i s h o d , u l t u i r , , „ , d 11 i ,> i , \ 1 , , r 
p f l l n a r ^ a v i a n t ' -rj; l'i M w h e r e o n e i m p o r t a n t t i s s u e -
s p e c i f i c f u n c t i o n . i nHc iqen s y n t h e s i s j is kept 
s t a b l e at the in v i v o l eve l (or „ i extended p e r i o d 
in c u l t u r e - - a f i r s t "at c oinp I i shiner; t of i t s k i n d . 1 ' 
The f u n c t i o n is modulated bv r o l l d e n s i t y , 
ascorb ic and l a c t i c a c i d s , serum l e v e l s , and v i r a l 
t r a n s f o r m a t i o n . ^ " - " We have t rans fo rmed these 
c e l l s w i t h t e m p e r a t u r e - s e n s i t i v e ( t s ) mutants of 
Rous sarcoma v i r u s (RSV) and de te rm ined the type 
of co l l agen syn thes i zed in c u l t u r e . ^ Thus, the 
c e l l system is an idea l model f o r s t u d y i n g r e g u l a 
t i o n of c o l l a g e n syn thes i s (30% o f t o t a l p r o t e i n 
syn thes i zed is c o l l a g e n ) , mechanism of a c t i o n o f 
asco rba te , and c e l l - v i r u s i n t e r a c t i o n s . The 
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rtf M v t u ' , j i m 1 , ' I ' M l l l i M " l d l M i l l " , : | i i j . i ' * h 1, fi 
l : r ' ' - ' l l " , , i : ' i : - >.'- , . ' ! •• M ' , 1 - ; , , t ! : ' t ' l t l ' t l ' . ' . u e -
' . ; • • ; I I 1 t ,' t : u l i , ( : 11 t . I > " . T i l l ' . I s ! '.|»>i I 1 1 I ' , 
' " | r i r t . i f l t ' '.I "MrTMl " . I'll I ! Ur 1 I U'"' M r ; , . , p, r n o r p h , ' -
1 ; i ' l i ." I ' ' .M hei"i- :'. d i t t e r e n , ,", between ii,ir '".i 
i n ' -Ml I ;n.!"t ' ' l i s H i ' eh ' . r rv r : ! under usual i-nn-

d i t i . ' M 1 , in • , ! t u r e . However, If (' I I \ i re ip'own 
in s p w l . i ! ' , l i s t ' i l l ' s ' . . i l l ,is t ln . i t i mi i n ] !ai|er: 
|. ; ^ f H . r . ' t ' l . - v M l ' I I ' T ' l n t , ! ! t HI l l l l ' i ' i ' t i " ' " H \ I Oil ' , , 

!'•. r ; ih iM( i ' | i ' i ! .in,! tun, t i " i i a l •! 111 r i s - u r s pec nine 
apparent . 

We h i ve let m e t urowth pat t f i n s , h c u i s r t r . i n s -
p , " t sv'.teni'. ind the u lucoso I'lrt abo 1 l> p a t t e r n ' . ,,t 
two nn"iin "Ml'l'i ir y r . ' M s that are r e p o r t e d to 
r e t l i n M " " I ^pe< i t i < f i r s t i ons . The two , •'1 I 
T in . " . :H[ ;.-1'.M> air! V ' " ! - . " ' were s r ' n l i r t " "a , h 
o ther * and t, r h l i ^ I i p r i i h las t s I in I'lmv ,tt t h e i r 
c h a r a r t e r i s t t r s . i l f u r t h e r m o r e , they were vers 
i n s e n s i t i v e te t h e i r , u i t u r o c o n d i t i o n s and d i d 
not s ynt he s ! ,'e ', .n tese a m i l k < opponent ) in r e 
sponse to 1 ac teip'n e hori ' iones. tinder the same 
c o n d i t i o n s , c l e a r u i f f o r o n c e s between l a c t a t i n q 
and non-1 art i t i n , | mouse c e l l s cou ld be demon
s t r a t e d . We are t h e r e f o r e in the process of 
c h a r a c t e r i . ' inq f r e s h t i s s u e s f rom human sources m 
o rde r to p r o v i d e an f_ri v_i_vo r e f e r e n c e po in t fo r 
subsequent c u l t u r e s t u d i e s . These exper iments ^rv 
per fo rmed in c o l l a b o r a t i o n w i t h s c i e n t i s t s at 
P e r a l t a Cancer I n s t i t u t e in Oak land , a p a r t of the 
B i o l o g y and Med ic ine D i v i s i o n of LBL. 

We have r e c e n t l y d i s c o v e r e d an impor tan t aspect 
o f l a c t o s e s y n t h e s i s and s e c r e t i o n by mammary 
c e l l s . We have shown t h a t mammary e p i t h e l i a l 
c e l l s are capab le o f s y n t h e s i z i n g h igh l e v e l s of 
g lycogen d u r i n g pregnancy . The enzymes of g l y c o 
gen s y n t h e s i s and breakdown are shown to be a c t i 
va ted and i n v o l v e d at v a r i o u s stage,- mammary 
g land d e v e l o p m e n t . ^ We have thus proposed t h a t 

, •• " . ; " ' ' r-i • •• i n ; , " ! . ' . - " . : • " i , ' l l a b i i r a t ' i i n 
.v i ! i' 1 \ v . i i ' ' . ' . ! - ' 1 ,'t tut eep i*~t"vr ,1 of Med i c i ne , 
I . I . " ,\r F ran, i s : ', 

I ! . '•'ei h,m ism n* Tuner Promot i m 

V i r a l .' ,\n l i ioo,onrsis and T ucv" Promot ion 

we haw' r i s e i ' t l y proposed a model fo r v i r a l 
, M\ : no jenes l '. that shou ld open up e x c l M n q 
poss it: 11 i t i es f o r new exper iments and a b e t t e r 
nndo rs tand inq of the a v a i l a b l e data in the l i t e r -
a t . u r . we a lso hope t ha t the model would make i t 
p o s ^ i i ' l e to unders tand and p i n p o i n t the r o l e of 
v i r u s e s MI the e t i o l o g y of human cancer . The 
model s ta tes that v i r a l c a r c i n o g e n e s i s may be a 
• • ' u l t i s taqo p rocess , s i m i l a r to tha t proposed f o r 
tumor i n d u c t : . " ! on nouse s k i n by carc inogens and 
tumor p romote rs . The product of the t r a n s f o r m i n g 
gene of RSV ( s r e > is then seen as a " t r a n s f o r m a 
t i o n ' promoter r a t h e r than as the i n i t i a t o r o f 
t r a r . f i i-nat ion. lT i Since our paper appeared l a s t 
yea r , o thers ' n w proposed s i m i l a r models f o r DNA 
v i r u s t r a n s f o r m a t i o n . The concept t h a t the v i r a l 
p r o t e i n k inase (PPGO'irjVT) may be necessary but 
not s u f f i c i e n t f o r t r a n s f o r m a t i o n a lso has ga ined 
a d d i t i o n a l s u p p o r t . At p resen t we are i n v e s t i g a t 
ing the s i m i l a r i t i e s of a po ten t tumor p romote r , 
TPA, to t h a t of the a c i i v e s rx p r o t e i n k i n a s e , 
us ing ? -d imens iona l ge l s f o r s e p a r a t i o n of p r o 
t e i n s , m e t a b o l i t e p a t t e r n s , c o l l a g e n s y n t h e s i s and 
o the r t r a n s f o r m a t i o n pa ramete rs . I n i t i a l s t u d i e s 
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l.lt i " . )''[,!' : '<p»v.s i in . 

•1. ''. ; i H ' i ! I l t X M r . ! FOK DEJECTION AND 

I^ANTIr/.Tinr; or lAcrnsr SYSTHESIS AND SECRETION 

. l e . i n r ie T. i'rertnan M\ ' M i n j J , B i s s e l l 

A n . i l ^ t . B iorhom. 'K , .MO-345 (1979) 

A rumb ina t i o t i ot h igh s p e c i f i c a c t i v i t y L C J 
q l ucose , two-d imensiona I chromatography, and a u t o -
cad loqraphy can be u t i l i z e d to f o l l o w the f l ow of 
g lucose cacbon i n t o l ac tose and v a r i o u s i n t e r m e d i 
a ry m e t a b o l i t e s of the mammary g l a n d . The t e c h 
n ique desc r ibed r e q u i r e s a minimum amount o f 
t i s s u e m a n i p u l a t i o n , i s q u a n t i t a t i v e , u t i l i z e s 
microgram q u a n t i t i e s of sample, and can be used 
f o r t i s s u e p i e c e s , s i n g l e c e l l suspens ions , and 
c e l l s i n c u l t u r e . Clean s e p a r a t i o n of l a c t o s e 
f rom i n t e r m e d i a t e s o f g lucose metabo l ism in a 
s i n g l e chromatogram w i l l a i d the study o f the 
r e g u l a t i o n o f mammary-spec i f i c f u n c t i o n s . 

*See A b s t r a c t s . 

' '.!•'. •-• i t ' >'. /,• ! " ,s " I ' l l . " n ' v t h i ' r f i t " •' 
.v. . In. •.: , ,. " . .."• t i ' - i ! . : v ' V i j ' i to.; i " Ro is s. i r-
,'i'i i . ••- ,- .- :••!••• (>•,; . i 1 I s . I t nets t i ' . j n . l t h a t 

*l\:\< t ' n . . . n l ' v s i s i t f e t h p r e j w d p r e 
1 P ' T t ' ! '• ' . V,!-. ' • I ' l . ( ( t ' t , ;pen t l " ID f e r i " a t I n n , 
t ' h r . ' , : ' ! ' I ' " . •: ,1 I i h ' V n e i t " I ft-ls l e t a l t e r e d . 
\ ev , r t •! Y s s , I.'tii| ti ' i-H r a i l i i ' l j b i ' l i " i j denons t 'Mted 
t i ' . i t ' i t i i .'ni'i t i n l e v e l s * r r e reduced in t r a n s 
formed . ' • ; ! ' , . I t is cone 1 tided t h a ' the r e d u c t i o n 
in i . ' v ' l s ,it t 'H'M components i t t' e s u r f a c e is 
I t v j q i ' t .it'i 'ut [\\ d i f f e r e n t nechan is r s , c o l l a g e n 
l e v e l s lu ' i i i i j r e q u l i l e d by p r o c o l l a g e n Syn thes is 
mil f t h r o n e d in l e v e l s by deg rada t i on and/or r e 
lease i n t o the c u l t u r e medium. The p o s s i b i l i t y i s 
d iscussed that f i h r o n e r t i n i s los t f rom the c e l l 
p e r i p h e r y nt p r ima ry av ian tendon c e l l s as a con
sequence r,f decreased l e v e l s o f anchor ing c o l l a g e n 
m o l e c u l e s . 

10. REQUIREMENTS FOR MAINTAINING THE EMBRYONIC 
ST/HE OF AVIAN TENDON CELLS IN CULTURE 

R icha rd I . Schwarz, Deborah A. Fa rson , and 
Mina J . B i s s e l l 

I " _vJi>I° I I . 911-948 (1979) 

Primary av ian tendon c e l l s (PAT) m a i n t a i n t h e i r 
embryonic s t a t e when c u l t u r e d i n medium F-12 w i t h 
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T RAT HIT 

. T t R F D CYTOO'HOMI 
; 7 0 r Y T ! . S 

Chowr , Fun . ft.it 

•i-. v h i ' v . B ip j j h ) ' , . A c t i , in p 'vss 11980'-

f i l t u f f i f - i ! ' j l t rat hppatncy tps e x h i b i t i n -
r r i . i s t - i l l p v p l s r f cytochrome P-450 when i n ruba to i ! 
i n rneiii^ c o n t a i n i n g f r u c t o s e , f e l a t i v e to c e l l s 
i n t uba ted w i t h pqu imolar g l ucose , and the e f f e c t 
of f r u r t o s e v a r i e s d i r e c t l y w i t h i t s conrp-ntr . i t inn 
between ? and 10 mM. For i n v e s t i q a t i n g the mecha
nism of the e f f e c t o f f r u c t o s e on cytochrome P-450 
ir, c u l t u r e d c e l l s , [ U - 1 4 C ] f r u c t o s e or [ U - 1 4 C ] 
c lucose were added to the i n c u b a t i o n medium, and 
' . he i r uptake and u t i l i z a t i o n were compared. Whi le 
the uptake k i n e t i c s of the two hexoses were s i m i 
l a r , the r a t e o f p h o s p h o r y l a t i o n o f f r u c t o s e was 
more than 1 0 - f o l d t h a t o f g l ucose . The appearance 
o f f r u c t o s e carbon in me tabo l i c p o o l s , as w e l l as 
i t s conve rs ion to CO;? and c e l l u l a r g l y c e r o l i p i d , 
s i m i l a r l y was i n c r e a s e d . The l a t t e r f i n d i n g sug
gested t h a t f r u c t o s e migh t a l t e r cytochrome P-450 
by s t i m u l a t i n g g l y c e r o l i p i d s y n t h e s i s , s ince the 
s t a b i l i t y o f the cytochrome is l i p i d - d e p e n d e n t . 
However, the changes i n g l y c e r o l i p i d f o r m a t i o n 
f a i l e d to p a r a l l e l changes in the l e v e l o f c y t o 
chrome P-450 i n f r u c t o s e - t r e a t e d c e l l s . Moreover , 
the r e l a t i v e d i s t r i b u t i o n o f ^ C i n t o s p e c i f i c 
l i p i d s was s i m i l a r f o r bo th hexoses, sugges t i ng 
t h a t an increased carbon f l u x i n c e l l s incubated 
w i t h f r u c t o s e d i d not d i r e c t l y impose a q u a l i 
t a t i v e change i n c e l l u l a r l i p i d s y n t h e s i s . We 
conc lude t h a t the f r u c t o s e - m e d i a t e d a l t e r a t i o n o f 
cytochrome P-450 i n c u l t u r e d r a t hepa tocy tes 

av 1 an t rndnp f ' • \ iff 
The v i r u s - i l l ' , - . • f-d , ', 
t r a n s ! ori'lpo 'p tht- pr-
t hp cr 11 0^' la of rnorp' 
,^'l inc rpasp t ' i i I l.i 

• :i .. r "T ' ."• I l t>m: I i s t s . 
.••'--. .ippp ..- (,. bp I f , . . 
'Mi f of asrnr p l< ai i r! py 
" IV, t 'P' iu'P' i i j l u r n s e uptake 
>V' l th l 'SiS. I f " ' VI 1. !!'!'P 

dops not at" t Pv l i t '• n j the suss'-pt ib i I i t y of t f i f 
CP1 1 s to i n ' t i l l i- - f t inp arid t r . m s t ormat. i n n , but 
i ns tead appears I' p t e r t p r e wit. l i t in- spread of 
i n f e c t i o n th rouq i r f d u r t i o n iri v i f i i s r e p l i c a t i o n 
and v i r u s i n f e c t t y . 1 lip e f f e c t is r e v e r s i b l e 
and r e q u i r e s the u i t i nunus p r p s r n r p of thp v i t a 
min in thp r u 111. >• i i i f l i mi. 

CULT URL SYSTFf-" FOR STUDYING MALIGNANCY 

M. J . B i s s e l . •'. C. Bar tholomew, J . Fo lkman, 
H. Smith an' 1 M. Stampfer 

Cancer Res. 39, 4?93-4?95 (1979) 

A symposium o rgan ized by the above i n v e s t i 
ga to rs e p l o r e d the new dn^ more r e l e v a n t c u l t u r e 
systems or s t u d y i n g mal ignancy and d i f f e r e n t i a 
t i o n , he summary o f the symposium r e p o r t makes 
these genera l c o n c l u s i o n s : 

I B h m u t a t i o n a l events and changes i n gene 
exp ress ion by themselves or i n comb ina t i on 
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