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THE PHOTOSENSITIVITY OF DROSOPHILA'S CIRCADIAN TIME SENMSE. A.T. Winfree,
Department of Blological Sciences, Purdue University, W. Lafayette, Ind.

Like the overwhelming majority of studied plant and animal species,
Drosophila's circadian time-sense or internal "clock" is acutely sensi-
tive to visible light. 1In populatioms exposed to light - even if omly
a single flash - then left in continual darkness, adult flies emerge
from their pupal cases in daily bursts & hours wide for 8 to 20 days,
depending on temperature, Behavioral experiments with this circadian
rhythm indicace that the individual fly {in larval, pupal, or adult
stages) harbors an imtermal physiological oscillator, or "clock" with
very nearly 24 hours peried (l). This oscillator has an experi-
mentally adjustable amplitude and phase, ineluding a zero-amplitude
state of indeterminate phase (2).

Against this pericdic backdrop, one can quantify the ocscillator's
photosensitivity by examining its rephasing as a function of total
energy in a brief exposure to light... with the following results:

a) The photoreceptor is probably not a carotenold and is probably
not involved in vision. Its absorption spectrum i1s unknown;
but the action spectrum for resetting is rather undiscin-
guished (1).

b) Photosensitivity near 450 nm increases ten to twenty-fold
during the first 3 days of darkness after prolonged exposure
to bright light. Subsequent exposure exceeding 107 ergs/emé
geems necessary to reverse this 'dark adaptatiom' (3). This
might reflect bleaching of a pigment with a rather small
extinction coefficient (see below), followed by slow resyn-
thesis,

¢} The rhythm's response to light (when dark-adapted) saturates
below 1000 ergs/cm?. At this energy no more than one pigment
molecule in ten could have absorbed a photon, even assuming
the greatest plausible extinction ceoefificient, ~10% liter/
mole=cm. Thus it seems unlikely chat light affects the
circadian oscillation directly, by photolysis of a period=-
ically accumulating substance.

d) There is little reason to suppose the photoreceptor itself
iz influenced by the circadian oscillation., Dark-adaptation
after prolonged illumination follows roughly the same course
with the clack rephased at standard amplitude or rasat to
zaro amplitude.

On these grounds, photoreceptor kinetics and its effect on the
eircadian oseillator may be tentatively modelled as follows. P is
photoreceptor concentration in arbitrary units and I is light intensity
in ergs/cmi sec, Time, £, {5 measured in seconds.

L.2.1000-0-10"

The rate constant 107 ecorresponds to a rather undistinguished
molar absorption ¢ross-section of 2% - 105 cm’/mole, or an extinetion
coefficient of 103 liters/mole-cm., supposing 0% of the light reaches
P through cuticle, ete. It could be greater, if less light penetratces
to the photoreceptor or if many photons are absorbed between bleaching
absorptions.
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P photo-breakdown products are postulated to catalyze both synthesis
and first order breakdowm of a substance x, reacting in an osclllatory
wiy with apother subscance y:

dic

B A 1073 y + IP(L - x}/300

dy _ _ . 10=5
At Tud = 10 x

This model was tailored to it the resulcs of 1000 reseccing experi-
ments to within the precision of phase measurement. Three testable
predictions emerge from this schoma §

a) Pupae reared in continual darkness with clocks not functioning
{at equilibrium, at zero amplitude) should be inducible to
normal rhythmicity by exposure to as liccle as 100 ergs/em®
of blue light, but not by mech less than chae. This was
confirmed experimentally ({(3).

B) Such induced rhytims should exhibit constant high sensitivity
to subsequent rephasing light-pulses (without dark adaptation,
since P is unbleached). This has not been tested.

¢) Continuous exposure to as little as 1—}.-5 args/cm? sec of blue
light (much less than full moonlight) has been found to damp
out circadian rhythmicity within a week, as expected from the
above equations (ms. in preparacion).

In conclusion: The avallable data on photo-induction, -rephasing,
and -suppression of Drosophila's circadian time sense are compatible
with a simple kinetie model which places the photoreceptor external
te the clock process. Attempts to locate and identify the photo-
receptor (perhaps in the insect brain) might be guided by difference
spectrophotometry, and by these indications that the pigment's recovery

after bleaching is uncommonly slow.
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SPECTRAL SENSITIVITY OF CIRCADIAN RHYTEMS. PRuth Halaban.
Department of Biological Sciences, State University of
Hew York st Albany, Albany, N.¥Y. 12222.

There areé two major purposes for elucidating the action
spectrum for biclogleal ¢locks: 1. To identify the photo-
receptor aend to follow up the effect of its excited state
on the endogenous circadian rhythm. 2. To show the
relationship betveen circadian rhythms and photoperiodism
and test the Bllnning's hypothesis (3).

Aetion spectrum: Determinations of action spectrum vere
done on various corganisms and on different aspects of the
circadian rhythm such as free-running periodicity, phase
gshifting, initiation or inhibitioen of the rh¥thnm.
Unfortunately, in most cases action spectrum analysis was
carried out on one aspect of the ecircadian rhythm for the
organism under study with the assumption that it represents
the full scope of the action spectrum response. Howvaver,
in some cases where more thean one particular aspect of the
circadian rhythm vas examined, this assumption proved to
be wrong. Action spectrum of monochromatic light was
sarried out for the phase shifting of Gonvaulax (11},
Chlorela-less Paramaecium ﬂﬁ], Drosophila (8 ) and for the
damping of the oscillation of Neurospora (17). In other
studies combination of broad-band filters and different
light sources were used for action spectrum mnalysis. In
most organisms blue (L10-530 nm) and red (590-T00 nm) had
an effect on the rhythm. There is no correlation hetween
the presence of the photosynthetie apparatus and the
responsiveness to red light. In some studies blue and red
light had different &ffect on various aspects of the circa-
dian rhythm. For example: free-running neriodicity was
longer under continuous blue lipght and shorter under contin-
uous red light (9 ) ; the pattern of phase shifting was also
different. red affected advances [ © ) and blue affected
delavs (9 ). Phytochrome involvement in cirecadian rhythms
vas positively demonstrated in Phaseolus (L) and Lemna 712)
vhile no involvement was observed in Coleus (9) Gomnyaulax
{11) end Paramaecium(5). Phase shifting of a circadian
rhythm can be alsec elicited by U.V. irradistion (5,19).

In conclusion: a. Teaking into acount mll the action spectra
results, there is no indication for the presence of =&
particular pigment which is solely responsible for the
asbsorbtion of light for the ecircedian rhythm. B. Some studies
indicate that the different responses of the circadian

rhythm can be élicited by illumimation with different light
gqualities, ¢. Studies with U.V, light demonstrated the
involvement of nucleie acids in the cirecadian clock.

Circadian rhythms and photopericdism: The use of different
light gualitiee for the speecific control of cireadian rhythm
and photoperiodic response can help elucidate the intriguing
gquestion of whether a unified master clock controls both
daily and annual activities [ 3 ). However, in very few
experiments were both deily and annual rhythms studied in
the same organism. Pectinophora diapause was Induced by
monochromatic light of 600 nm which did not entrained the
overt circadian rhythm [16). Tt was therefore concluded (1h)
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that the two sre under the control of different mechsnisms. On the
other hand results from experiments with birds jn which slso Aifferent
light qualities were used tend to support the Bunning's hypothesis (15).
It is possible that different orgenisms evolwved different mechanisms for
time messurement, however the use of monochromstic light could be
extended to study this problem in more detail.

Light effects sand clock mechanism: At first glence it seemed
diseppointing thet sction spectrum experiments did mot revesl s lot of
informetdon sbout the mechanism of circedisn oscilletion. However,
effects similer to those genersted by light can be induced by other
treatments such as tempersture (1, 7, 21) snd metabolic inhibitors (6).
One con thersefore infer thet different light quelities affect the
operation of the clock in & similsr wey, which is meinly through an
effect on macromoleculsr symthesis,

Attempts were also mede to follow up the subsequent resctlions after
excitetion with monochromatic light. For exemple: There ere evidences
thet phytochrome conversion affects changes in membrane permeabllity
(ref. 18 for genersl review) snd recently it was demonstrated to have
enzymatic ectivity (20). Detsiled speculstion csnnct be made as for
the involvement of light in the operstion of the clock since nothing
a5 yet iz known sbout the moleculsr neture of the circedien rhytha.
Advences in this direction were made by the isolation of clock mutents
(2, 9, 13). Hopefully, the future aveilebility of mutents sltered in
their response to light will help i{lluminete the neture of the inter-
sction between the two.
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CIRCADIAN RHYTHMS IN INSECTS: THEIR RELEVANCE TO PHOTOPERIODISM.
J. W. Truman, The Biological Laboratories, Harvard University, Cambridge,
Massachusetts

A central problem in the study of photoperiedism is how organisss
measure changes in day length. In insects models of the photopericdic
mechanism are based either on a circadian oscillator or on an "hour-glass'

The physiological basis of several circadian rhythms in the silk=-
moth, Antheraea perayi, were studied and compared te the photoperiedic
response in the same species. Transplantation and lesfon experiments
indicated that the eclosion and flight activity rhythms aré controlled
by "clocks” located in the cerebral lobe area of the brain. Inm both
cases entrainment of the rhythm is mediated through photeoreceptors in
the moth brain and not through the eyes. The secretion of the prothe-
racicotropic hormone (PTTH) in larvae is also controlled by a circadian
clock. As with the other twe rhythms, the removal of the eyes does not
significantly interfere with entrainment of the PTTH secretion rhythm.
In the pupal stage PTTH secretion is photoperiedically repulated. This
photoperiodic mechenism is likewise confined te the cerebral lobes and
photoreception Is extra-optic (Williams, 196%. Symp. Socc. Exp. Biol. 23:
285). Thus, in its location and mode of phnturlceptlon, the photoperi-
edic response of A. pernyi shows superficial resemblance to its cir-
cadian rhythms.

An analysis of the eclosion response of A. pernyi showed that the
free-running cycle could be envisioned as beinp divided inte 2 distimet
phases--a short initial synchronization period and a long dark decay
period (Truman, 1972, Z. wergl. Physiol. 76:32}. The synchronization
period shows an apparent photoreversibilicy in that a light imterruptiom
during this time brings the clock back to the beginning of the cycle.
light interruptions during the dark decay perled appear only to change
the time-course of the remainder of the cycle. These relaticnships re-
sult im an hour-glass behavier of the Pernyi clock during the majority
of photoperiod regimens: lights-off signals the beginning of a clock
cycle, then lights=on alters the kinetics of the cycle such that it ter-
minates at some point late in the photophase. Since adult eclosion is
triggered at the end of a clock cycle, it shows a phase relationship
vhich is a function of the eéntire photoperiod and which is generated by
an interaction of the lights-on and lights-off signals with the cleck.
The behavior of the Aight-activity rhythm is alss consistent with this
model of the clock, The onset of activity occurs 6-7 hrs after lights-
off in all photoperfiods from 4L:20D to 17L:7D. This relationship is
expected from a rhythm which is triggered early im the circadian cycle.
Under these photoperiods the clock cycle is initilated by lights-off and
activity is then triggered before the cycle is altered by lighcs-on.

Over the range of photoperiods tested the activity and eclosion
rhythme undergo a 6 to 8 hour shift with respect to one ancther. The
fact that events triggered at the beginning and end of a eircadian cycle
can assume different temporal relationships which are dependent upon
photoperiod provides a simple medificatrion of a coincidence model for
photoperiodic time measurement. The interaction of twe such events
generates the typical respomse observed under complete photoperiods and
also is consistent with data obtained using skeleton photoperiods.
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REDUCTONE EFFECT IN E.COLI SUBMITTED TO PHOTODYNAMIC ACTION WITH METHYLENE
BLUE. L.R.Caldas, 5.Menezes*and R.Alcantara Gomes®, Instiruto de Biofisica
da UFRJ and Comissao Macional de Energia Nuclear, Rio de Janeiro, Brazil .

Previous papers (1,2,3) on the effect of reductone (enol tartronic alde
hyde) on UV irradiated bacteria have led to the assumption thart reductone
acts by preventing repair. Reductone has no effect when cells are X = or
gamma irradiated. Using methylene blue as the active dye it is shown chat
reductone is able to increase photosensivivicy of cells after photodynamic
treatment. This effect is enhanced when bacteria are grown in glucese con-
taining media. We shall discuss the action mechanism of reductone conside-
ring levels of energy deposition inm cells (specific types of damage produ-
ced by ionising radiatiom, UV and photedynamic treatment) and genetic capa
bilities of some strains of E.coli concerning repair.
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POSSIBLE METABOLIC CONTROL BY DIRECTED IN-VIVO MOTION. Sydney J. Webb,
Department of Bacteriology, University of Saskatchewan, Saskatoon,
Saskatchewan, Canada. Monochromatic light of between 330 and 410 nm
absorbed in vivo only by the flavinoid pigments of the respiratory
menbrane system has been found to segquentially mutate the genes of
Escherichia coli. The ovder of the sequence in which the mutations occur
is changed by nutrition. Microwave frequencies of between 40 and 150 GH
have been found to interfere with the syntheses of protein and DNA. The
particular freguencies affecting DNA synthesis form a series in which each
successive freguency is separated by a constant frequency. From this
constant the radius of the in vivo motion has been calculated. The value
of the constant is altered by nutritional factors. It appears that some
form of unidirectional spiral motion in vivo controls events in time and
space.
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THE PHOTOSENSITIZED IMMOBILIZATION OF 4. SALINA NAUPLTI RY
POLYNUCLEAR AROMATIC HYDROCARBONS, A CORRELATION OF
CARCINOGENIC AND PHOTODYNAMIC ACTIVITIES. David D. Morgan

David Warshawsky and Florence Miles.*

The photosensitized (photodynamic) immobilization of
the nauplii of Artemia salina by polynuclear aromatic
hydrocarbons (PNA's) and aza-PNA's was investigated for 41
different ring systems. Aqueous salt water solutions

containing a PNA sensitizer {10'3 - ID'? M) and the nauplii
were incubated in the dark and then irradiated at 366 nm.
The immebilization of the nauplii was found to be a linear
functien in time and to be proceeded, in most cases, by an
induction period. Photedynamic activities of the individual
FNA's were corrected for the amount of light absorbed by the
sensitizer and expressed on a relative scale as the relative
rate of photodynamic immobilization (RRPI). Benz[c]acridine
was used as a standard and assigned an RRPT of 1.0. The
effect of nauplii age, dark incubation period, PNA
concentration and possible mechanisms for the immobilization
will be discussed. The correlation of RRPI values with the
carcinogenic properties of the PNA's will also be presented.

MAM-B4

PHOTOOXIDATION OF SNAKE VENOM ENZYMES SEMSITIZED BY DYES. R. Straighc,
P. Garn*, and J. Glenn*, Venom Research Laboratory, Research in Medicine,
Veterans Administration Hospital, Salt Lake City, Utah.

Photooxidarion sensitized by dyes (5P0) has been used to detoxify
lethal snake venomz. We have used SP0 to prepare venom toxoids for
vaccines and antivenins for snakebice cherapy. In order to decermine
optimum conditions for SPO of venoms we have studied the effect of SPO
on five enzymes commonly found in snake venoms. Venom samples were
collected from live specimens of Crotalus atrox, Crotalus adamanteus,
Bothrops atrox, and Maja naja. The samples were frozen and lvephilized
and were assaved for esterase, protease, amino acid oxidase, phospho-
diesterase and phospholipase A activity. The venoms were fractionated
by polyacrylamide gel electropheresis (DEP) and the gels were sliced into
1.6 mm glices. FEnzymatic activities were determined on an agqueous ex-
tract of each sliece such that each enzymatie activity could be cor-
related with a particular protein band before and after SP0. Photo=
oxidation was carried-out in a Warburg apparatus at 25°C containing
methylene blue, eosin ¥ or riboflavin, (1 X 10-34); phosphate buffer
(0.01 M, pli 7.5) and venom (10 mg protein per ml,) for O, 15, 30, and 60
minutes. Oxygen uptake, enzvmatic activity and lethal toxicity (mouse
D5} were measured. In general SPO decreased the lethal toxielty and
inactivated the enzymes assaved. However, depending on the sensitizer
used and the type of venom being photooxidized enzyme activity was
observed to increase continuously or te increase and then decrease with
time of illumination particularly is the cagse of phospholipase A and
phosphodiesterase. Also there was a progressive loss of resolution of
protein bands and ismunoprecipitin bands on DEP with increasing {1lumi=
nation time. Supported by YA Medical Research, grant no. N1-8187-103,
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DOSE DEPENDENT CHANGES TH THE SEDIMENTATION CHARACTERISTICS OF BACTERIAL
DA PRODUCED, E VIVO, BY NEAR ULTRA=-VIOLET IRRADIATION (365 nm) AND 8-
METHOXYPSORALEN. M.J. Ashwood=Smith and Elizabeth Grant®*. Department of
Eiological Sciences, University of Victoria, Victoria, B.C., Canada.
Supported by National Research Council of Canada Grant No. A6206.

Sear ultra-vielet irradiation (320-380 nm) in the presence of B-metho-
sypsoralen (8 HMOP) causes mutations and death in a number of cellular
gvatéms. We wish te report a dose dependent alteration in the normal
molecular weight profile of bacterial DNA as analysed by alkaline sucrose
gradient centrifugation when E. ecoli is irradiated (365 mm) in the pre-
sence of & HOP (40/ug/ml). Irradiation with black light gave survival and
mutation induction values as follows:-Survival values are Snllauud by
mutant yield per 108 survivors in pargnl;hu.l::—ﬁﬂﬂ ergs/mm =608 (1.5),
1000 erps/ma‘=25% (4.8), 1500 ergs/em“=5%(9), 2000 crgs/mm®=0.3% (> 60).
Mutants are revertants to tryptophan independence. The amount of DHA,
characterised, by a normal sedisentation profile, disappeared as a
function of the irradiation dose such that 40X remained after 500 ergs/
mm®, 20% after 1000 ergs/e=®, 10% afcer 1500 ergs/mm® and 4% afrer 2000
ergs/mm®. This disappearance was gquantitatively accounted for by a
corresponding increase in DEA recoverable as a very rapidly sedimencing
"complex". Neither protein nor ENA was associated in any apprecisble
amounts with this rapidly sedimenting macerial. Irradiation of E. coli B
in the presence of glucose resulted in approximately three times as much
enerpgy being required to produce the same degree of death, mutation and
the disappearance of DHA characterised by normal sedimentation properties.
These resulcs suggest that sose of the B MOP photosensitized damage can
be rapidly repaired if energy is immediately available. The genetic
nature of this mechanism is being inveatigated.

MAM-BE&

TRYPTOPHAN PHOTOPROMICT EFFECTS ON GENETIC RECOMBINATION IN BACTERIA.
F. Landa* and A. Eisenstark, Division of Biological Science, University
of Missouri, Columbia, Missouri,

Exposure of L-tryptophan to blacklight (365nm) produces a photo-
product(s) which is toxic te recombinationless (rec) strains of bacteria.
The effect of this photepreduct on various microbial recombination
systems was investigated by treating rec cells with (a) irradiated and
(b} non-irradiated L-tryvptophan. The photoproduct increases the nusher
of recombinants upon transduction of Salmonella typhimurium with P22
phage, and induced P22 phage production in Iysogenic strains of §.
typhimirium. The photoproduct decreases the number of recombinants
ors n Escherichia coli K12 conjugation and in T4 phage crosses. The
photoproduct has ne effect on transformation in Baclllus subtilis. A
model will be presented that may account for the altered recombination
frequencies upon treatment of cells and DNA with tryptophan photoproduct.
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PHOTORECONSTITUTION OF BIOLOGICALLY-USEFUL COLLAGEN GELS.
E. B, Masurovaky and E. f. Peterson®, Albert Einstein College of
Medicine, Bronx, N.Y.

Collagen gels reconstituted from acid extracts of rat-tail teondon by
cortain cthemical procedures, e.g., exposure to ammonia wapor, have served
as admivably suitable substrates for the cultivation of a variety of
cells and tisgues{ Ehrmann and Gey,1956), inecluding neural tissues
{Bornstein, 1958). Gelation by these means, however, cannot be innocuocusly
conducted in the environg of living cells. We( Masurovsky and Peterson,
1972) demonstrated that collagen extrocts(vide supra) when mixed with
ethanolic riboflavin solution, or riboflavin=5=phosphate (5 0.05%)
aquaous solution in a ratio of«~5:1 w/v, and spread on glass or plastic
surfaces, could be reconstituted by exposure to visible light fore5-10
minutes into gels suitable for the cultivation of eells constituting
peripheral nervous system, central nervous system, muscle, skin, and
other tissues. Fhotochemical reactions, presumably involving localized
free radical acrivity, are thought to parcicipate im the conversion of
these collagen extracte into gels, Such gels have a resilient, porous
structure that readily sccommodates to cell movements and permits out-
growing cells andfor cellular processes to burrow and develop within the
gel matrix. These gels may be formed fairly near living cells,permitting
the transfer of tissue culture "modules" (Masurovsky et al.;l971) for
apecial experimental purposes, and suggesting a wariety of possible
medical,, surgical, and prosthetic applications. Supported by an Alfred P.
Slean Foundation grant and by Grant N5-0B770 from the NIH.

MAM-EE

ENHANCEMENT OF SELENIUM PHOTOVOLTALSM BY TREATMENMT WITH PORPHYRIN
DERIVATIVES. A. D. Adler and V. Greenfield , New England Inscituce,
Ridgefield, Conn. 06377

By treating commercilally available selenium solar cells with coatings
of Langmuir trough films of various porphins, chlorins, and merallo-
derivatives and aclid salts of these materials enhanced photoveltages
and photocurrents are both obtained. The overall Increased power output
is 2 ta 10 fold over the untreated cell depending on the applied load.
While the dark resistance of the cell is decreased, it alsoc appears that
the photoemissivity is increased. Preliminary experiments show a
positive temperature coefficient for the power cutput. Further studies
on the nature of this surface effect and its extension are under
investigation.
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The Photosensitized Oxidation of Alpha-Lipofc Acid. R. W
Murra F. E. Stary*

and S. L. Jindal.* Department of )
emistry, University o . Louis, 5t. Louis, Mo.

63121,

Alpha-lipoic acid has been identified as a growth factor
for many bacteria and protozoa, as a coenzyme fn oxidative
decarboxylation reactions, and also has been suggested as
playing a role in the primary quantum conversion act of
photosynthesis. When o-lipoic acid (protogen A) is isolated
from natural sources it is reported to be accompanied by a
monooxide which has been given the name E-lipoic acid (Proto-
gen B). We have subjected d,. a-lipoic acid to methylene
blue sensitized phutuuxidat?ﬁﬁ. The oxidation products
include two thiolsulfonates and four thiolsulfinates. The
two thiolsulfonates arise from double oxidation at each of
the sulfur atoms in the dithielane ring. The thiclsulfinates
are the cis and trans mongoxides arising from oxidation at
each of the sulfur atoms. The thiolsulfinate isomers are not
separated by ordinary tlc methods. Their presence is deduced
from the shifted nmr spectrum using tris (1,1,1,2,2,3,3-
heptafluoro-7,7-dimethyl-d_-4,6-octanedione-d,)-europium({IIT}
Eu-FOD-d,4, a5 the shift r&agent. The mechan?sm of the oxi-
datfon, Rhich is believed to invelve singlet oxygen, will be
discussed.

MAM-B10

RED BLOOD CELL LYSIS INDUCED BY A PRODUCT OF SINGLET OXYGEN
AND CHOLESTEROL, T, Yamane®™ and A. A. Lamola, Bell
Laboratories, Murray Hi1l, New Jersey,

Incorporation of =small amounts of the main product of
attack of singlet oxygen upon cholesterocl, cholesterol-5ao-
hydroperoxide, into the membranes of normal red blood cell
(rbe) causes them to hemolyze (1}. The hemolysis has
characteristics very similar to the light-induced hemolysis
exhibited by the rbe of patients with erythropoietic proto-
porphyria (2). The hemolysis induced by the cholesterol
hydroperoxide is inhibited by the presence of small amounts
of P-carotene or a=-tocopherol in the membranes of the rbe.

(1} A. A, Lamola, T, Yamane and A, M., Trozzolo, Science 179,
1131 (1973).

(2) B. D. Goldstein and L. €. Harber, J. Clin. Invest. 51,
892 (1972).
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CHLOROPLAST STRUCTURE AND DEVELOFMENT. L. Bogorad, The Biological

Laboratories, Harvard University, Cambridge, Mass. 02138,

The prevailing view of the structure of photosynthetic lamellae at
the photesynthetic level =—- i.e, with regard to photon absorption and
enérgy migration -- has not changed fundamentally since the ploneering
penetrating experiments of Duysens in the early 1950's. In the inter-
vening years, the existence of two photosystems has been firmly estab-
lighed. Attempts to digcover their component parta to study inceractions
between them with regard to cnergy transfer, electron transport and phos-
phorylation have increased rapidly. Over this same 20-year period there
have been many technological changes in electron microscopy and inter-
pretations of electron sdcroscope data have generated a nusher of views
of the organization of photosynthetic lamellae. The most attractive
current view of structure, based largely on the freeze-etch technique,
is that the photosynthetic lasellae consist of a hydrophilic-edged lipid
matrix in which protein or lipoprotein aggregates are embedded.

Chloroplasts develop completely in darkness in some plants. Among
these are algae (e.g. Nitella) in wvhich mature chloroplasts increase in
number by division of mature plastids. In most higher plants, small
proplastides are present im meristematic cells., In seedlings grown in
darkness, these develop inte more complex membrane-containing etloplasts.
The etioplasts mature into chloroplasts when the tissuves are 1lluminated.
The most consplcuous changes during maturation are greening (i.e. chloro-
phyll formation and accumulatiom}, detectable by eye; the dissolurion of
the paracrystalline prolamellar body and the assembly of photesynthetic
. membranes, wvisible with the electron microscope; and the acquisition of
the photogynthetie capacity, assayable by many technlgues.

Among the components needed for photosynthesis, etioplasts of maigze
contain coupling factor for photosynthetic phosphorylacion and several
meémbrane polypeptides which are also present in mature photosynthetic
lamellae. During light-induced plastid development additional polypep=
tides are introduced inco the membrane and ics lipid compesicion changes.
On the other hand, some polypetpides of the etioplast prolamellar body
are undetectable im preparations of chloroplast thylakeids. Etioplast
membrane preparations are incapable of carrying on light-independent
acid-to-base phosphorylation or of responding osmotically. The
development of the capacity to carry on acid-to-base phosphorylation is
divectly correlated with the development by the membranes of the capacity
to respond osmotically but appears to be independent of chlorophyll
aceumulation. The kineries of chlorophyll aceusularion in darkness after
etioclated maize leaves have been illuminated briefly are distinctly
different from the kinetics of the acquisition of acid=to-base phosphory-
lation capacity. However, the latter is correlated with the appearance
of a 46,000 dalton polypeptide in the lamellae.

Studies of plastid development in other species carrled out in other
laboratories will also be summarized.

References:

Branton, D. Membrane structure. Ann. Rev. Plant Physiol, 20: 209 (1969).

Forger, J.M., IIT and L. Bogorad. Acid to base phosphorylation and mam-
brane integricty in plastids in greening maize. Biochim. Biophys. Acta
226: 383 {1971).

Forger, J.M., IIl and L. Bogorad. Development of photosynthetic mem—
branes. In preparacion.

Lockshin, A., R.H. Falk, L. Bogorad, and C.L.F. Woodcock. The coupling
factor for photosynthetic phospherylation from plastids of light- and
dark-grown maize. Biochim. Biophys. Acta 226: 366 (1971).

{(Supported in part by a research grant from the National Science Found. }
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ORGANIZATION OF PROTEINS WITHIN THE CHLOROPLAST MEMBRANE by 5. M. Klein
and L. P. Vernon, Fh.D., Brigham Young Universicy, Prove, Utah.

Chleroplast membranes represent a biological system of definite struc-
ture. We endeavored to determine the dimensional locatfons of the wvarious
proteins comprising these membranes and their derived fragments. Whole
spinach chloroplasts, their Tritom X-100 fragments TSF 1, containing pho-
tosyatem I (PS5 I), and TSF 2, containing photosystem IT (PS I1) acrivicy,
and the particles cbtained by differential centrifugation of a chloroplast
suspension passed through a French pressure cell, were investigated by
SDS-acrylamide gel electrophoresis. The chloroplasts were reacted with
535 1abeled p~diazonium benzenesulfonic acid (DABS), and the label dis-
tribution followed. It was observed that T5F 1 was approximately ten
times more labeled than TSF 2. Upon further resolution of the proteins
by SDS-acrylamide gel electrophoresis, most radiocactivicy was recovered
in proteins with molecular weights of about 20 kilo daltons. The protein
distribution patterns of the DABS35 labeled fragments, howewver, differed
drastically from those which were characteristic of TS5F-1 and TSF-2 from
unlabeled membranes, impatring the assigneent of radiocactivity to definite
proteins. At this point we can conclude only that PS5 I is located at the
putgide of the membrane.

MAM-C3

EHMISSION KINETICS OF PHOTOSYSTEM I AND PHOTOSYSTEM II FLUORESCENCE ON A
PICOSECOND TIME SCALE. M. Seibert, GTE Laboratories Ine., Walthas, Mass.
and B.R., Alfano* Physics Dept., City College of Mew York, Mew York, N.Y.
Fluorescence emission kinetics of isolated spinach chloroplasts have
been cbserved with an instrument resolution time of 10 psec using &
frequency doubled, mode-locked Nd:glass laser and an optical Kerr gate.
Emission kinetics at 685 nm displayed two maxima, the first 15 psec and
the second 90 psec after the flash. The intervening minimum occurred
between 40 and 50 psec. Egquations describing the following model systems
were derived, solved and fitted by computer to the above data: (1) one
absorbing species which transfers emergy te a second fluorescing species,
{2) one absorbing species which both fluoresces and transfers energy to
a second fluorescing species, (3) two dependent absorbing species, only
oneé of which fluoresces, (4) two Iindependent species which both absorb
and fluoresce, (5) two independent absorbing species, one of which
fluoresces and the other which transfers emergy to a third flucrescing
species. Of the above models, only (4) and {5) give the observed two
peaks. This evidence indicates that two Iindependent (om this time
scale} fluorescing species are imvelved. Since an upper limit of 70 psec
has been estimated previously for the lifetime of Photosystem I flusres—
cencel and that of Photosystem II is known to be several hundred paec
(at low actinic intensity), the first peak is interpreted as being
fluorescence from Photosystem I (T = 10 psec) and the second from Photo-
system II (T = 200 pesec).

lgorisov and I1'ina (1972) Blokhimiya (Engl. Tramsl.) 30:6, 693.
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ESR SIGNAL 1: THE EFFECT OF VARIOUS CHEMICAL AND PITYSICAL TREAT-
MENTS. M. C. Beinfeld, Department of Pharmacology, Washington University
Medical School, 5t Louig, Missouri.

There has been a recent rebirth of interest in ESR signal IT in photosynthesis.
The kinctic response of ESR gignal 11 to Hght has been meagsured in chloroplasts
and algae (1, 2) and was found ta be sufficiently fast to be consistent with the rate
of electron transgport,.  Some chemical and physical treatmems which have a pro-
found effect on photosynthetic eleetron transfer also dramatieally alter sipnal 1.
. V., irradiation pru;:russwe‘:y dt!s.lrﬂ_'\rst N:gnﬂl 1T in para]]g—:l with the destruciion
of oxygen evolution. Tris (0. 8M) buffer treatment inhibits oxygen evolution but
greatly stimulates signal 11. High concentrations of DEMU, HOQNO, loxynil,
and o-phenanthroeline inhibit the light-response of signal [, At high DCMU or
HOQNC eoncentrations in addition to inhibition of light -respensive signal 11,

a gradual loss of dark-stable signal Il is secn as a result of (llumination. These
data :Llclr‘g with n‘ll:ura 1.l||'l.]:I be dlucu%-. o with regard to whoether signal [ is acting
on_the ' hridlrmg or "reducing” side of photosystem 1.

1. M,C. Beinfeld, (1972). A fast kinctic component of KSR signal 1 in Pholo-
synthesia. New York Academy of Sciences, Procecdings (in the press).

2. G.T. Babecock aml K. Saver {1973}, Flask kinetic studies of the slow decay-
ing, 2. 0046, EPR signol in spinach chloroplasts. Biophysical Socicty
Abstroct WPM-1T4.

MAM-C3

THE RELATION OF SIGHAL 2 TO ELECTRONW TRANSPORT IN PHOTOSYSTEM 2 IN ESR
STUDIES OF SPINACH CHLOROPLASTS by J.T. Warden, Jr.* and J.R. Bolton,
Department of Chemistry, University of Western Ontario, London, Canada.
The broad, structured resonance, Signal 2, attributed to Photosystem 2
in ESR studies of photosynthetic organelles has often been a subject of
gpeculation. Although this species has tentatively been assigned to a
derivative of plastoquinone, no functional role for this species has yet
been ascertained. We have applied the technique of flash phetolysis-ESR
to this system and we have detected a fast-rising (<l esec) free radical
transient in Jensen-Bassham type spinach chloroplasts which has the same
spectral profile as Signal 2. The decay time is -6-10 sec. This flash
transient is formed in approximately equimolar concentration to that of
Signal 1. We have studied the behaviour of Signal 2 both with steady-
gtate light and with the flashlamp under a variety of conditions including
addition of various redox components and inhibitors. We will discuss the
results in terms of a model for the function of the Signal 2 species.
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MECHANISM FOR LIGHT INDUCED LOWERING OF FLUORESCENCE INTENSITY IN
PHOTOSYNTHETIC ORGANISMS AT LOW TEMPERATURE. R, JACOBS & 5., BRODY,
DEFT. OF BIOLOGY, NEW YORK UNIVERSITY, N.Y., N.Y.

Low temperature studies in vive simplify the observation of prim-
ary processes by suppressing secondary diffusion controlled reac-
tions, Irradiation of photosynthetic material at 77% K results in
a lowering of fluorescence intensity, referred to as F.L. F.L, is
reversible upon warming, Log fluorescence intensity plotted as a
function of log time of irradiation gives straight lines with dif-
ferent slopes for each fluorescence band (G685, 695, 735mm}. F.L.
was studied as a function of concentration of various exogenously
agents (e.g. electron donors, acceptors, inhibitors, etc.) Elec-
tron acceptors and donors tested have different effects on F.L. of
each fluorescence band, F.L, of 685 is abolished by DCMU, it seems
that F. L. 695 and F.L. 685 result from interdependent processes.
Fluorescence polarization studies indicate orientatiomnal changes
ocour in chlorophyll molecules associated with energy transfer in
System II. F.L. in green plants and photosynthetic bacteria appears
to arise from the combination of several mechanisms: formation of a
quencher on the electron donor side of System II; formation of a
quencher at System I; the quenchers do not diffuse or react further
at low temperature; a decrease in transfer efficiency from System
IT to bulk Chl,

MAM-C7

THE TIME COURSE OF LIGHT EMISSION OF SCENEDESMUS OBLIQUUS, Chr. Holzapfel
and A. Haug (intr. by E. Kuntz), MSU/AEC-PRL, East Lansing, Mich. USA.
The time course of delayed light emission and that of prompt fluorescence
was measured during the periocd of light adaptation of the cells exposed to
the stimulus light in a photon counting apparatus. ©Generally the delayed
light emission was more affected by a change in experimental conditions as
compared to prompt flucrescence.

1. Illuminating normally grown wildtype cells with higher light intensi-
ties (>70 ﬂ!mzl, the intensity of delayed light increases to a maximum in
the first few minutes, then decreases to a steady state level afrer about
an hour. The maximum is missing at lower exciting light intensities.

2. In dark adapted wildtype cells at high light intensities, the time
course of delayed light emission is similar to that one described above,
apart from a lag period within the very first minutes of light adaptation
preceding the increase in emission intensity. Thac lag pericd 1s charac-
terized by a relative minimum of the intensity lying higher than the in-
tensity of the steady state level. The length and the profile of the lag
period depends on the time of dark adaptatioen. Wicth Iinereasinpg dark adap-
tation time the maximum of the delayed light intensity occurs later.

3. The intensity of the delayed light for mutant 8 shows only & steady de-
crease during the time course.

4, The time course of prompt fluorescence practically does not show any
difference for wildtype, mutant 8, or mutant 11 cells.

5. For the light adapted wildtype cells the intensity of delayed light and
that of prompt fluorescence increases linearly with increasing intensity
of the exciting light below the saturation point in the light curve. The
increase is less than linear above the saturation point {abour 10 mW/cml).
Supported by MSUJAEC Contract Ne. AT-{11-1)-1338.




MAM-C& Page 71

QUANTITATIVE DETERMIMATION OF IN VIVO PIGMENT ORIENTATION BY LICHT
SCATTERING. R. Van Metter, C. E. Swenberg, and N. Geacintov, Department
of Physics and Chemistry, New York University, Wew York, M. Y.

A general microscopic formalism for calculating the Mie scattering
has been developed which is applicable to an interpretation of aniso-
tropies In the light scattering of oriented biological gamples. The
utility of this approach is illustrated by explicit application to the
anisotropic scattering of light from magnetically oriented Chlorells
cell suspensions, which has been recently determined by Van Nostrand (1}.
The relative concentrations of the different spectroscopic forms of
chlorophyll & in wive (2) were used to consrruct theoretically the vave-
length dependence of the light scatrering from Chlorella suspensions.
Comparisons of this curve and cthe experimentally determined anisotro-
pies in the light scattering were uwrilized co estimate che relative
orientation of the different spectroscopic forms of chlorophyll. The
analysis indicated that the short wavelength absorbing from (Ca 667)
has the lowest degree of orientation. The relationship between our
microscopic formalism and the theory of selective 1ight scattering (for
unoriented samples) developed by Latimer and Rabincwitch is demenstrated
(3}

{1} F. W. Van Wostrand Jr., PhD. Thesis 1972, K.Y.U., unpubl ished.

(2} C. S. French, J. S, Brown, and M. C. Lavrence, Plant Physioclogy
(1972 49, 421,

(3) P. Latimer and E. Rabinowitch, Arch, Bloch. B84&, 428 (1959).

MAM-CO

A SCANNING DOUBLE BEAM SPECTROPHOTOMETER. Geoffrey Hind and Jerry
H.EEE*, Biology Department, Brookhaven Mational Laboratory, Upten,
Hew York L1973.

A double beam spectrophotometer, capable of operation in either the
split beam or dual wavelength mode, has been equipped with a scanning
drive and inlurfacug to a PDP-11 computer. Difference spectra with a
resolution of 3.1077 absorbance units are obtained by subtractiom of
two arrays corresponding to two scans taken under differemnt steady
state conditions, for example, light minus dark or reduced minus
oxidized. The difference speccra are then further processed in a
COC 6600 computer to decompose the spectral envelopes in terms of
known absorbing species, In this way, steady state difference spectra
from isolated ehloreplasts can be quantiratively analyzed under differ-
ent conditions of illumination, uncoupling or inmhibition.

Application of this instrument to elucidation of electron transport
reactions in photosynthesis, and to the study of other photobiclogical
systems will be described. (Supported by NSF grant AG-279 and by
the U.5.A.E.C.)
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ON THE STATE 1 - STATE 2 PHENOMENON OF PHOTOSYNTHESIS
R. T. Wang & J. Myers, Dept. of Botany & Zoology, Univ. of Texas,
Austin, Texas 78712,

Transition from 710 to 650 ne light is followed by a rapid
chromatic transient in 0p evolution eéxplained as adjustment in fraccion
{q) of System II open traps. Following a transient, the gquantum yield
of oxygen at 650 nm slowly (minutes) rises. The same phenomena also
occurs after transition from 650 to 710 n= light. Bonaventura and Myers
(1969) explained the slow phenosena in terms of changes in a, the
fraction of absorbed quanta delivered to photosystem II: for amy chosen
wavelength a becomes maximum in state 1 after 710 nm and minimum in
state 2 after 650 nm. The hypothesis (also used by Duysens and by
Murata) predicts that the Joliot plot for rate Oy evolution ws q should
have two different curves, one for state 1 and one for state 2.
Further, the ratio of rates observed at any value of q should be
constant and equal to the ratie of a's for the two scates.

Recently Delrieu sought but falled to find the two predicted
curves and ascribed the state l-state 2 phenomenon to changes in the
apparent equilibrium constant between centers for the two photosystems.
¥We have reexamined the problem in Chlorella. We could reproduce
Delrieu's results when "state 1" is generated by darkness or by very
low intensities of 710 nm. However, intensities of 710 nm sufficient
to give maximum quantum yield produce a different state and give the
predicted two different Joliot curves for state 1 and state Z.
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THE SCOPE OF PHOTOBIOLOGY. J. D. Spikes. Department of Biology.
University of Utah, Salt Lake City, Utah

1. Introduction. Light and 1ife

2. Photophysics and photochemistry in relation to photobiology
a. the nature and properties of light; wavelength and energy
conventions
b. the absorption of light by polyatomic molecules; excited
states
photochemistry
absorption and action spectra

3. Photobiologically active Tight in the environment

a4, sources: sun, moon, stars, bioluminescence

b. sunlight: at the top of the atmosphere, absorption and
scattering in the atmosphere, energy-wavelength relations at
the earth's surface

c. cycles of light in nature: diurnal, annual, lunar

4. Plant photobiclogy

a. introduction, “stoichiometric" and "trigger" photoprocesses

b. chlorophyll synthesis

€. photosynthesis: overall reactions in different plant groups,
photosynthetic pigments and organelles, current ideas om
mechanism

d. photomovements in parts of non-motile plants
photomovements in motile plants
red-far red 1ight responses in plants: phytochrome and the
photoperiodic control of flowering, seed germination,
vegetative growth, etc.

g. miscellaneous photoresponses: protoplasmic viscosity and
streaming, membrane permeability and fon uptake, enzyme
“activation,"” dormancy, autumn coloration, circadian responses,
control of sporulation, sensitivity to infection and toxic
agents, etc,
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5. Animal photobiclogy
a. introduction: biological importance of photoreception in
animals

b. photoreception in animals: reception without organized multi=-
cellular eyes, major types of eyes, fine structure and
taxonomic distribution of photoreceptor cell types, wisual
pigments and the photochemistry of vision

c. non-oriented responses to light: photoreceptor development,
iris responses, circadian responses, color changes, photo-
periodic responses (reproduction, migration, metabolism, etc.)

6. Biological effects of ultraviolet (UV) radiation

UY¥ in the environment

UV effects on amino acids and proteins

Uy effects on nucleic acids

UV effects at the cellular level: repair of UV damage

. UV effects on organisms

7. Photosensitization phenomena in biology (photodynamic action)

a. types of photosensitization reactions

b. mechanisms of photodynamic action

c. example of photodynamic effects

Bioluminescence

i & O o

References

a. Clayton, R.E., Light and Living Matter: Yol. 1, The Physical
Part; Vol. 2, The BioTogical Part. McGraw-Hill Book Co., Mew
York (1571). This is an excellent brief introduction to the

interactions of light with matter and to the major areas of
photobiology.

b. Giese, A.C. (editor). Photophysiology, Vols. 1-7 {1964-1972).
Academic Press, Mew York. Each volume contains a set of fine
reviews of topics in photobiology.

c. Smith, K.C. and P.C. Hanawalt. Molecular Photobioloay.
Academic Press, Inc., Mew York {1868}, B very maﬂaﬁte survey
of the biochemical and biological effects of ultraviolet
radiation; recovery processes are stressed,
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THE ULTRAVIOLET WORLD OF INSECTS. Timothy H. Goldsmith,
Department of Biology, Yale University, New Haven, Connecticut

The solar spectrum at the surface of the earth is limited at the short
wavelength end by several mim of ozone in the upper atmosphere. This
filter attenuates wavelengths shorter than 35!1 nim, and by 290 nm there
is very little energy reaching the biosphere . As is true for other ver-
tebrates, our visible spectrum ends at about 390-400 nm, not becauose
the visual pigments are insensitive to near ultraviolet light{300-400 nm),
but because the vertebrate lens absorbs these wavelengths before they
reach the retina. Many arthropods, on the other hand, utilize the near
uv in vision.

The reason that vertebrates discard the near uv with yellow lenses
and other adaptations such as the macula lutea is probably for the relief
of chromatic aberration'*’. In this view, the capacity to evolve a color-
corrected lens is limited, and there has been strong selection for the
maintenance of visual acuity. The expedient solution has been to re-
strict the spectral band reaching the retina by filtering out those wave-
lengths where the aberration problem is worse and, coincidentally,
the total available flux is least.

Arthropod eyes, being constructed on a different optical principle,
do not face the same problem. Acuity is determined by the interomma-
tidial and acceptance angles of the retinulae, and there is no advantage
to be gained by removing the near uv in the dioptic structures. Conse-
gquently many arthropods--and most particularly the insects--see in
the uwv.

Vision in the uv involves two specializations. First, the cornea is
transparent at all wavelengths longer than the 280 nm absorption band
of its constituent proteins. Secondly, the retinas contaln visual pig-
ments with principal (chromophoric) absorption maxima in the near av
{340-380nm). Those species such as crabs or lobsters that spend much
of their time in aguatic environments where the natural uv is attenuated
by suspended particles tend to lack uv-absorbing visual pigments. In
addition, their corneas are frequently p}lc yellow from near uv-absor-
bing materials of an unidentified nature 4}

The uv-absorbing visual pigments are rhodopsins, with vitamin A
aldehyde (retinaldehyde) as chromophore. In at least some specles a
uv pigment is one of several spectral classes of rhodopsin present in
the retina (#3, Single unit recordings provide a method of examining
the spectral responses of individual retinular (photoreceptor) cells.
Recent evidence involving dye injection of single cells with identified
spectral properties indicates that the different classes of visuval pig-
ment can be sorted into diffe rent photoreceptor cells in the same omma-
tidiu providing the anatomical basis at the receptor level for color
vigion'b).

Behavioral evidence of several kinds also points to color vision in-
volving the near uv as a distinct spectral region. The phototaxis as
well as the spontanecus alighting preferences of insects are frequently
(but not always) preferentially driven by uv rather than other colors.
Honeybees can be trained to make color discriminations in color mat-
ching experiments analagous to those employed in psychophigical studies
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of human color vision. MNear uv has a high degree of saturation for bees,
as does violet in the human visible spectrum. Moreover, mixtures of uv
and yrf,}_lr.:r\il.r generate for bees new, non-spectral colors analagous to pur-
ples.

Ultraviolet cues are important components of the visual world of in-
sects. Flower colors frequently involve patterns of differential uv re-
flectance that can be appreciated by insect pellinators but not by the un-
aided human eye. The wings of butterflies also certain patches of high
reflectance which flag prospective mates. [n flight these signals can be
gquite conspicuous to other members of the species, but remain unseen by
vertebrates., And polarization patterns of natural sky light, involving
near uv and violet, are used by many arthropods in navigation.

{1} Green, A.E.S, (ed. ). The middle ultraviolet: its science and technol-
ogy. Wilet, New York, 1966,

{2) Wald, G., Eye and Camera. Sci. Amer., Aug. 1950, pp. 22-41.

{3) Goldsmith, T. H. and Bernard, G. D. The visual systemn of insects. In
"The Physlology of Insecta, " Znd ed. . M. Rockstein, editor. Academic
Press (1973).

(4) Goldsmith, T. H. and Fernandez, H. R. Comparative studies of crusta-
cean spectral sensitivity. Z.vergl. Physiol. 60:156-175 (1968).

{5) Goldsmith, T. H. The natural history of invertebrate visual pigments.
In The Photochemistry of Vision, ed. H. I. A. Dartnall, Chap. 17 Hand-
book of Sensary Phpulniog?. Vol. Vi1, Springer-Verlag:685-719(1972]).

(6) Mote, M. L. and Goldsmith, T. H. Gnmpaund eyes:localization of two
color receptors in the same ommatidium. Science 171: 1254-1255(1971).

(7} Daomer, K. Reizmetrische Untersuchung des Farbensehens der
Biemen. Z.vergl. Physiol. 38: 413-478 (1956).

(8) Mazokhin-Porshnyakov, G. A. Insect vision. Plenum Press, New
York, 1969 (Translated from Ruasian).

(9) von Frisch, K. The dance language and orientation of bees. Belknap
Press, Cambridge, Mass., 1967,
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STRUCTURE OF VISUAL PIGHMENT MEMBRANES. C. R. Worthington, Departments
of Biological Sciences and Physics, Carnegie-Mellon University, Fitts-
burgh, Pa.

The molecular structure of rod and cone outer segments and rhabdo-
meres have been studied by birefringence and electron microscopy but only
retinal rod outer segments have been studied by X-ray diffraction.
Retinal rod photoreceptors are an intriguing system for study by X-ray
diffraccion for they have an elegant multilayered structure, The lamel-
lar repeat is the dise-to-disc distance inside the photoreceptor. How=
ever, the X-ray experiment is not easy and definitive X-ray patterns were
not obtained until 1969, Gras and Worthington (Proc. Mat. Acad. Seci. 63,
233, 1969) obtained patterns from intact frog, rat, cattle and monkey
retinas and Blaurock and Wilkins (Mature 223, 906, 1969) obtained a simi-
lar pattern from the frog retina. Boch groups assigned a bilayer profile
to the disc membrane. However, there was some disagreement in that we
stressed the asymmetry of the membrane profile, A feature of our 1969
model was the assignment of the rhodopsin molecules to the membrane layer
facing the intradisc space (Worthington, Fed. Proe. 30, 57, 1971).

Electron microscopy and X-ray diffraction studies on isclated disc
membrane preparations from frog retina led te the molecular localization
of the rhodopsin molecules (Blasie, Werthington and Dewey, J. Mel. Biel.
39, 407, 1969). The planar area of 590047 associated with each rhodopsin
molecule was obtained in this study. Liebman (Biophys. J. 2, 161, 1962)
had estimated that the concentration of rhodopsin within the frog retinal
rod was 2,52, From these measurements, it was argued that the rhodopsin
moleculas were on one side of the dise membrane. Our X-ray analysis
using model-building considerations indicated that the rhodopsins were
on the inside but further study was desirable. Other techniques and, im
particular, freeze etching studies will alsc help in providing a defini-
tive answer on the location of the rhodopsin molecules in the disc mem=
branes.

The original 1969 X=-ray analysis was based on h = 8 orders of dif-
fraction. The 1969 data was obtalned using comparatively long exposure
times of about one day. During this time small changes within the ret-
inal rod structure did occur. Our present data was obtained using ex=
posure times of only one or two hours. The sharpness of the diffrac-
tion reflections indicate that changes did mot occur in this shurcer
pericd. A total of h = 20 orders of diffraction from intact frog retina
have been recorded but only h = 12 orders have been used in the analysis.
Work is in progress to include these higher orders and so improve the
resolution of the analysis. Our 1969 X-ray analysis has been werified
using direct methods of structure analysis (Worthington and Gras, Blophys.
Saec, Abstracts p. 255a, 1972). & Fourler synthesis of the frog retinal
rod structure at a resolutfon of 13A has been obtained and will be de-
scribed,

Structural comparisons with nerve myelin can be made. AE the present
time the electron density profile of the nerve myelin membrane is known
at a resolution of 7A (McIntosh and Worthington, Biophys. Soc. Abstracts
p. 9la, 1973). Similarities and differences between the profiles of
nerve myelin and the dise membrane will be discussed. One feature is
that both show a narrow low density region of about 20A or less in width.

On the basis of thickness of the disc membrane it is argued that the
disc membrane contains a discontinuous 1ipid bilayer. That is, the
rhodopsin molecules effectively replace a number of lipid molecules from
a hypothetical continuous lipid bilayer (Werthingtem, Current Topics fn
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Bicenergetics Vol. V, 1973). This result is a necessary consequence of
the 1969 X-ray analyses on the intact retinal rod structure.

Recently an electron density profile of the sarcoplasmic reticulum
(5R) membrane has been obtained ar a resclution of 17A (Liu and Worthing-
tom, Biophysics Soc. Abstracts p. 9la, 1973). The SR membrane fragments
occur as vesicles and, in the centrifuge, these vesicles can be flattened
to resemble the disc configuration. The disc membrane and the SR mem—
brane have very similar electron density profiles. In each case the
i-ray analyses indicace that the major part of the protein component is
on the inside of the vesicle. The membranes alsc have a similar function
in that the SR mesmbrane releases calcium due to an action potential where—
as the disc structure releases caleium due to the action of light (Hagins,
Ann. Rev. of Biophwys. and Bioeng. Vel. I, 1972). It would appear as if
the same kind of mechanism for calcium release is involved in both mem=—
branes.



MPM-C2 Page 79

LOCAL | ZATION AND FUNMCTION OF RHODOPSINS IN TWO PHOTORECEFTOR MEMBRANES
W. Stopckenius, Cerdiovescular Research |nstitute, University of
California, San Francisco, Celitornia.

Bacteriorhodopsin is a rhodopsin=like protein found In The purple
membrane of Halchacterium halobium. |t contains 1 mole of retinal per
mole of protein bound as & Schitf base o & lysine residue. The purple
membrane forms as distinct patches in the surface membrane of H. halobium
cells, and these patches contaln 25% |1pld and bacteriorhodapsin as the
only protein {1, 2). A similar situation exists in The photoreceptor
membranes of the retina, except that, in the case of rod cuter segments,
di fferentiated membrane ares has been segregated trom the surface mesbrane
in the ferm of the disks in the interior space of the rods; the lipid to
protein retic in the disk mewbranes is higher than in the purple membrane,
and other proteins are present in small amounts,

Freeze-fracturing and freeze-etching electron microscopy reveal the
local ization of proteins in membranes. Membranes frecture along an
interior plane, and proteins penetrating the hydrophobic intericr are
revealed as particles on the fracture faces. This is demonstrated on 3
madel system consisting of synthetic phospholipid bilayers with or without
incorporated proteins. While bilayers consisting only of lipids or lipid
bilayers with protein bound to the surface show smooth fracture faces,
rhodopsin-containing lipid bilayers show particles on the fracture faces.
The model system has @ symmetric distribution of rhodopsin with equal
numbers of particles on the complementary membrane fracture faces; the
natyural membranes are highly asymmetric. |n both the purple membrane and
the disk membranes atter fracturing, all the particles are found on the
cytoplasmic side of the membrane with the corresponding depressicons on the
cpposite face. The proteins may actually span the width of the membrane.
The cuter membrane of The refinal rod shows particles identical in
appearance to the particles in the disks: they are alsc located on its
cytoplasmic side, Whereas the distribution of rhodopsin in the plane of
the disk membranes and the cuter membranes of the rods appears random,
bacteriorhodopsin forms a planar hexagonal lattice in the purple membrane,
|n both membranes the rhodopsins appear to change the permgability of the
membrana when they absorb light. |n the rod outer segments this is
thought to be a passive change of permeability (3); In the case of the
purple membrane, an icn pump seems to be involved.

Similar to rhodopsin, bacteriorhodopsin - Tn the isclated membrane as
well as in intact bacteria - can be bleached by light. The absorption
maximum shitts from 560 nm to 415 nm but, unllke rhodopsin, bacterio-
rhodopsin in the dark, within a few milliseconds, returns spontansously
to the long wavelength form, This return to the long wavelength form can
be referdad if the isolated membrane is treated with ether, Contlnuous
illumination will then drive practically all of the pigment intc the
bleached state, and it returns to the unbleached state only when the |ight
is turned off, In this system pH measurements show that bleaching of
becteriorhodopsin causes a release of protons which are bound again when
the pigment reverts to the 580 nm form in the dark,

If suspersions of halobacteria containing the purple membrane are
deprived of metabolic energy sources by prolonged starvation in salt
solutions and then illuminated with light of a wavelength absorbed by The
purple membrana, an acidification of the medium is observed. This occurs
under aerchbic as well as anaerobic conditions, The pH of the suspending
medium returns fo the derk-ievel when the light is turned off. The effect
is much larger and deveiops much more slowly than the release of protons
during bleaching of the isclated purple membrane; it is dependent on light
intensity. Uncouplers such as COCP, FOCP, ONP - which are known fo increase
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the permeability of membranes to protons - abolish the light-induced pH
effect or sccelerate the return of the pH to the derk-level when added at
the end of the illumination period. Apparently in the light the cells
generate & proton gradient scross the cell membrane, and this process is
mediated by the purple membrane. In the apperent absence of other energy
sources, the simplest mechanism fo explain this effect is to assume that
illumination causes & repid cycling of the pigment through the blesched
and unbleached states and that the asccompanying release and uptake of
protons in the bleaching cycle of bacteriorhodopsin occurs as a vectorial
process across the membrane; protons are released on the cuter membrane
surfece end are taken up on the cytoplasmic side. This would require an
asymmatric orientation of bacteriorhodopsin across tha membrane, which has
bean demonstrated fo exist in the treeze-fracture preparations. The
electrochemical gradient thus generated is presumably used to drive other
metabol ic processes, either directly or via ATP synthesis, as may be true
general ly not only for mitochondrie but alse for other procaryotic organ-
isms (b). Halohscterium halobium cell snvelopes contain an ATP-Esa
similar o mitochondrial ATP-ase and the membrane bound ATP-ases of other
procaryotic cells [(5), Illumination incremses the ATP content of the
cells, When bacteria are suspended in salt solutions and kept under
angerchic conditions, their ATP level talls to very low values; it they
are then exposed to light of wavelength abserbed by the purple membrane
gnd if they contein purple membreane, their ATP content rises tenfold or
more to velues comperable to those under aerchic conditions with substrate
present. This effect is sbolished by CCCP but not by KON,

Soma other observations also fit the hypothesis that halocbacteria,
which cccur neturally In an environment with & high radiation density, can
use light as an alternative energy source and that the purple membrane is
the phototransducer. The synthesis of purple membrane is triggerad by low
oxygen tension in the growth medium and can be completely suppressed if
+he madium is saturated with air. Light stimulates the synthesis of
purple mambrane by H, halobium cells {(6). 1llumination of respiring
bacteria with |ight abscrbed by the purple membrane reduces the oxygen
consumption of the cells. Helobacteria are motile end we have cbserved
phototectic responses of the cells.

|+ this sppesrs that the rod outer segment disks and the purple
mambrane are rather similar in their structure and chemical composition
but ditfer in their function. The disk membrane mcts as a photosensor and
may operate by Tnducing passive changes in membrane permeabi|ity, The
purple membrane appeers fo be & phototransducer which cperates as a |ight-
driven proton pump.

Unpubl ished results reportad hera hove been obtalinad In collaboration
with Drs. Arlette Danon, D. Oesterhelt, R. A. Cona and W. L. Hubball. Tha
work was supported by MHLI Program Project Grant I-L'Uﬁﬂ'ﬂﬁ and NASA Life
Scientist Grant NGL O5-025-01k,
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THE PHOTOSYNTHETIC MEMBRANE. R. B. Park, Department of Botany, University
of California, Berkeley, Califormia.

The photosynthetic membrane, as it exists In prokapyotic or eukaryotic
cells, represents an elaboration of a limiting organelle or cell membrane.
This elaborated membrane contains the photosyrtheric pigments and, unlike
the membranes of animal photoreceptors, stores an appreciable portion of
the radiant energy absorbed by it as usable chemical potential. In higher
plant chloroplasts, as well as chloroplasts of some algae, the elaborated
membrane system is divided into two major tcypes: unappressed stroma
lamellae and stacked grana lamellae. Work im a number of laboratories
during the past five years has shown these two types of membrane can be
physically separated and studied with respect to photochemical functiom
and chemical composition. Grana lamellase possess both photosystems while
stroma lamellae possess only photosystem 1. Evidence from quantum yield
gtudies, as well as studies of variable fluorescence indicate that approx—
imately half the chlorophyll in stroma lamellse is inactive and does not
appear to represent a damaged photosystem 2. The possible developmental
relationship between stroma and grana lamellae as studied in pulse label-
ing experiments will be discussed. The major colerless lipids are very
gimilar in concentration in both membrane types, the major lipid differ-
ences lying in chlorophyll composition. Om a membrane-protein basis,
there is about 1.4 times as much chlorophyll in grana lamellae as in
stroma lamellae. Also, the chlorophyll a/b ratio of stroma lamellae is
about & whereas that of grana lamellae is about 2.4 in field growm spinach.
The peptide compositions of both membranes are also quite similar when
assayed by 5D5 gel electrophoresis. Minor, but comsistent, differences
in peptide composition are observed. Apparently subtle differences are
quite sufficient to bring about beth the large functional and morpho-
logical changes one finds between the two membranes.
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EXCISION REPAIR OF BASE DAMAGE. Honald b. l"ﬂ‘ Division of Biological
and Medical Research, Argonne National Laboratory, Argonne, Illinois
A0&39.

The observations that ultraviclet (UV)-irradiated bacteria could
preferentially release pyrimidine dimers from their DMA and that
tW-irradiated bacteria incorporate bromouracil (BrUra) into parental DNA
resulted in the following proposed model for the excision repair of
pyrimidine dimers1Z; 1) A W=-specific endonuclease produces an incision
near the pyrimidine dimer; 2) exonuclease activity results in the release
of the dimer and a limited number of adjacent nucleotides; 3) the
resulting gap is filled in by repair replication using the complementary
strand as a template; and &) the resynthesized region is joined to the
contiguous parental strand. Evidence to support the occurrence of the
above steps during the reconstruction of damaged DNA has been obtained
experimentally in vive, and in some cases, in witro.

Velocicy sedisentation studies on DMA from UV-irradiated, excision
proficient (uve+) strains of Escherichia coli indicate that during
post-UV incubation single-strand breaks appear in the dimer-containing
DAY, This restricted degradation of cellular DNA was not observed in a
W=-ganaitive, repair deflielent mutant (uveA) which also is unable to
selectively remove pyrimidine dizers from its DNA“. Such in wive
experiments as these indicate that an éndonuclease which acts specifically
on dimegr-containing DNA exists in repair proficient straing of bacteria.
The actual existence of a UW-specific endonuclease has been substantiated
by the purificacion of an enzyme from extracts of microececus luteus
which exhibits an endonucleolytic activity towards irrvadiated DMA: no
activicty was observed with unirradiated DHA or irradiated DNA that had
been photoreactivared to remove pyrimidine dimers in sftw®'®. Similarly,
DA sedimentation studies indicate that a UW-specific endonuclease also
occurs in normal human fibroblasts”. In addition, extracts of HelLa
cells have been observed to degrade UV-irradiated DNA more rapidly than
unirradiated DHA®.

Experimental evidence for the involvement of an exonuclease in the
gelective releage of pyrimidine dimers from UV=irradisted DNA has alse
been obtained. An exonuclease purified from extracts of M. luteus
hydrolyzes irradiated and unirradiated denatured DNA, but will degrade
native DNA only after UV-irradiation and treatment with the UV-specific
endonuclease®, Unlike the hydrolysis of denatured DNA, the degradation
of irradiated native DNA treated with UV-specific endonuclease is
limited and ceages after the release of the dimer and a few additional
nucleotides. Thus, based on in viiro studles, it appears that at least
two enzymes, a W-specific endonuclease and a UW=gpecific exonuclease,
are required for the selective release of pyrimidine dimers from DNHA.

Completion of repair following dimer excision would involve DHA
repair synthesis to f£ill in the repair-induced, single-strand gap and
subsequent single-strand joining (i.e.--steps 3 and 4 of the proposed
model}. The observed ineorporation of the thymidine analogue bromodeoxy-
uridine {BrdUrdr into parental DNA of UN-irradiated E. coli? and
mammalian cells!? may occur as a result of the postulated repair
synthesis. On the basis of quantitative measuresents of BrdUrd incor-
poration inte parental DNA in association with, and presumably as a
result of, the excision of pyrimidine dimers, estimates of the size of
the repaired regions have been made. Repaired regions in the DNA of
W-irradiated mammalian cells appear to be rather uniform in size and
represent the resynthesis of a single-strand region +100 nucleotides in
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length’®?. 1In E. eoli, however, the repaired regions appear tc be
heterogeneous in size with some regions being at least as long as 1500
nucleotides?. A model to explain the size heterogeneity of repaired
regions, and data in its support, has been ptenented”. In referance to
this model, the following events are proposed: 1) DNA polymerase I is
responsible for the short repaiced regions in E. coli DNA; 2) large
repaired regions result from a rec-mediated repair synthesis; and

3) both enzyme systems normally cospete for excision sites.

To effect the completion of excision repair, a DHA ligase such as that
igolated from £, pplil? eould presumably carry out the gingle=-scrand
joining of repaired regions to contiguous parental DNA.

The excision mode of repair appears to be ubiquitous in mature and has
been cbserved in numerous procaryotic and eucaryotic organisms. 1Im
addition, excision repair does not seem to be restricted to UV-induced
base damage, but may also function in the repair of base damage which
results from ienizing radiation!?®, and exposure to such chemicals as
nitrogen mustard, miremycin C, and psoralent®.
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POSTREPLICATION REPAIR OF NUCLECQTIDE DAMAGE . W. Dean Rupp, Yale
University School of Medicine, New Haven, Connecticut, 06510, U.5.A.

From the survival of UV-irradiated excision-defective E. coli, it is
seen that these cells contain about 50 pyrimidine dimers per genomea after
a UV dose that reduces the survival to 37%. This suggests that these cells
are able to bypass unexcised photoproducts in some way. A specific rapalr
process involving recombination is implicated since excision-defective
strains that are alsc mutant at the recA locus are killed by a UV dose that
produces only one or two pyrimidine dimers per genome (1).

Physical studies of the DNA synthesized in UV-irradiated excision-de-
fective cells demonstrate several unusual properties of the newly synthe-
sized DNA that are quite different from the DNA made In unirradiated cells
{2, 3). The new strands synthesized during a ten-minute labeling period
have approximately as many gaps as there are pyrimidine dimers in the
template strand. The average size of these gaps is estimated to be about
15300 nuclectides, a size that is similar to the length of the Ckazaki frag-
ments that are normal intermediates during DNA replication. The most
likely interpretation of these observations is that DNA synthesis proceeds
up to a pyrimidine dimer which blocks further continuous synthesis. Further
polymerization is then begun at the Initiation site for the next Okazake frag
ment. When cells are incubated for longer periods of time (50 minutes), the
gaps are filled inand the new strands are converted tolong continuous
strands when the strain is recA” but not when it is recA™ (4, 5). Experi=
ments utilizing density labels have shown that strand exchanges between
old and new strands are rare in unirradiated cells, but quite common In the
W=irradiated cells (6). Our interpretation of these results is that a recom=
binational event may be required to insert the comect base saquence in the
gap opposite the dimer in the template strand, thus insuring that the infor-
mation in a dimer-contalning sequence is not lost. The accompanying
schematic diagram of these events presents a simplified version of this
model.

Since excislon repair occurs In many organisms. we can ask whether
postreplication repair is also widespread. In Haemophilus influenzae, low
molecular weight strands are synthesized in UV=irradiated cells and at
least one recombination gene is required for successful postreplication re-
pair in this organism (7). Various laboratories have also reported the syn-
thesis of short new strands in UV-irradiated mammalian cells, and the sub-
sequent lengthening of these into long continuous strands. It might be ex-
pected that postreplication repair plays an important role in the survival of
mammalian cells since dimer excision is quite slow and much DNA Is repli-
cated at times when many unexclsed photoproducts remain in the DNA. Cne
of the most detailed studies on mammalian cells demonstrates the incorpora
tion of new nucleotides into the gaps during postreplication repair (8), Ne
experimants designed to detect UV-induced strand exchanges have been re-
ported in organisms other than E. coll. Unpublished experiments of Zipser
and Rupp show that UV-induced exchanges In L5178Y mouse lymphoma cells
are not observed with the present methods, but these technigues are not
sufficiently sensitive to detect short exchanges that would be sufficient to
introduce the proper nuclectides into the region opposite the template
strand dimers.,
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Cme feature of this repalr process is that there are no enzymes that
are required for the recognition of specific photoproducts, Any type of
nuclectide alteration that blocks continucus DNA polymerization 15 ex-
pectad to produce new strands with gaps which will then be substrates for
postreplication repair.

Repair involving recombination may also occur before replication in
certain cases where both DMA strands are damaged. This cccurs in DNA
cross=-linked by psoralen plus 350 nm light (9) and may also account for the
¥=ray sensitivity of Rec™ strains of E. coli.
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MECHANISMS FOR THE REPAIR OF DWA CHAIN BREAKS. David A. Youngs, Depart-
ment of Radiclogy, Stanford University School of Medicine, Stanford,
California 94305.

A single-strand break may be formed by fonizing radiation at any one of
several locations in the sugar-phosphate backbone of DNA. The chemical
nature of the break will be different at each of these locations, and as a
result, the relative ease with which repair can occur will be different.
The simplest type of break should require only polynucleotide ligase for
repair. Other types of breaks may require modification of chain ends
and/or excision of damaged bases, and DNA repair resynthesis before ligase
can perform the final sealing reaction. After UV irradiation, single-
strand breaks are produced enzymatically by the uvr gene products. This
incision step is followed by excision of damaged bases, DHA repair resyn-
thesis and resealing of the strand.'*?® Much progress recently has been
made in analysing the single-strand break repair processes. In E. coli
K-12, the repair of single-strand breaks induced by X-radiation has been
subdivided into three processes?s* which have been termed Types I, II,
and III, corresponding to the relative speeds at which they proceed.

Type | repair? 15 complete in less than one minute after X-irradiation,
even at 0°C. This process may require only polynucleotide 1igase action.
The Type [ process acts preferentially on breaks produced under anoxic
conditions. It repairs ~3-times as many DNA single-strand breaks after
¥-irradiation under anoxic as under aercbic conditions. Type [ repair in
E. coli can be inhibited by heat or cold shock treatment or by NEM or PCMB
when present during X-irradiation. The Type II process®:S repairs ~90% of
the breaks remaining after Type I repair is complete, whether the breaks
were produced by X-irradiation under aerobic or anoxic conditions. This
process occurs rapidly in buffer or growth medium with a half-time of -]
min at 37°C. In wild-type cells this process is largely dependent on the
presence of ONA polymerase I. Studies with polA strains which lack this
enzyme indicate that ONA polymerase III cam act in the Type II repair
process at a rate which is ~5-times slower tham that observed in wild-type
cells. It seems likely that Type II repair acts om a class of breaks
which requires modification and/or excision of damaged bases hefnri; the
repair resynthesis step. T_-rge IIl repair requires growth medium, is com-
plete in 40-60 min at 37°C*»3, and is deficient in recA, recB, recC®, and
exrAS mutants of E. coli K-12. The Type 11l process repairs with the same
efficiency breaks which are produced by frradiation under either aerobic
or anoxic conditions. This was the type of repair first observed by
McGrath and Williams.” The Type III process does not require DNA poly-
merase 19 but is dependent on normal ONA synthesis since it is absent in
the thermosensitive dnaBf and dnaE mutants at the restrictive temperature.
Type 111 repair can be Trreversibly inhibited by post-irradiation amino
acid starvation or by post-irradiation treatment with inhibitors such as
chloramphenicol, dinitrophenol, gquinacrine, and acriflavine. By corre-
lating the yield of DNA single- and double-strand breaks with the Dy val-
uves for cell survival, an estimate of the contribution of chain breaks to
the lethal effect of X-radiation can be made. For the polA exrA strain a
maximum of 49% of the lethal events could be due to unrepaired single-
strand breaks, BY to double-strand breaks, and the remainder, a minimum of
43%, to some other lesion, possibly base damage.® There is evidence sug-
gesting that X-ray-induced base damage may be repaired by a process simi-
far to the excision repair process acting on UV-induced lesions.? The
excision repair of UV-induced lesions and the repair of X-ray-induced
single-strand breaks may involve similar steps after the initial break is
produced. Thus, systems analogous to the Type Il and III repair processes
should be active after UV irradiation. Strains which are deficient in
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Type 11 (polA) and 111 (recA, recB, and exrA) repair are also partially
deficient Tn the excision repair of UV-induced damage.’*'%s!! In addi-
tion, the excisfon repair process can operationally be divided into two
branches, one which can oceur in buffer (similar to Type II repaw;! and
another which reguires growth medium (similar to Type III repair).'? The
exrf strain is deficient in the medium-dependent Type III repair and also
acks the medium-dependent branch of the excision repair process.!? Thus,
there appears to be good analogy between the Type II and III processes for
the repair of X-ray-induced DNA single-strand breaks and the branches of
the excision repair process.
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BEHAVIORAL AND BIOCHEMICAL RESPONSES TO UV RADIATION. A, C. Giese,
Department of Biological Sciences, Stanford University, Stanford, Ca.

UV covering the span 15um to 390om might be subdivided inte the
vacuum UV 15 to 200nm, far UV 200 to 310om and near UV 310-390nm. Space
UV coming directly from the sun includes the entire UV span, but the
ozone layer in the atmosphere at about 20-40km abzsorbs all the wvacuum UV
and most of the far UV, therefore sunlight at the surface of the earth
includes only 287-3%0nm, and is thus mainly near UV. The sunlight far UV,
while of low intensity and wvariable, depending upon latitude, season of
year, time of day and atmospheric conditions, has many blochemical effects
upon cells and the behavior of organisms is generally such as to minimize
exposure to far UV.

Higher animals tend to shun sunlight, but whether the UV component or
the heat (and evaporative loss, especially in deserts) elicit this beha=
vior has nmot been determined. In some cases higher plants orient their
leaves to minimize exposure, and some minimize chloroplast exposure by
appropriate movements inside the cell. However, some lower organisms
show positive responses to low intensity far UV, changing to negative
responses on inerease in intensicty. Many organisms aveid bright sunlight,
and in some cases far UV may be the determining cue, but whecher UV
determines the position and movement of plankton in the sea is not known.
Animals have adaptations which reduce far UV exposure of the skin:
pigment, hair, feathers, scales, shells, ete. Plants also oinimize entey
of far UV by cuticle, although protective coverings are less feasible in
plants which must have light for photosynthesis.

Plants also possess a cellular far-UV absorbing pigment (flavone).
Action spectra for killing amd mutation by far UV resemble absorption by
nucleic acids which are considered the main cellular receptors of far UV.
The major far UV-induced cellular lesion is the cyclobutane pyrimidine
dimer (mainly thymidine dimer} in cell DMA. Such dimers interfere with
replication leading to sterilization or mistakes {mutants?). That
pyrimidine dimers are not the only UV photoproducts is indicated by the
failure to achieve complete recovery by illumination (see below) and
increased effectivensegs of far UV action on animal cells when irradiation
occurs at a higher temperature, or the same UV doge is flaghed, permitting
completion of secondary reactions. The nature of these secondary
reactions has, however, not been analyzed. Action spectra for immobili-
zation of ciliary activity and sensitization to heat resemble protein
absorption, suggesting protein as the receptor., UV links DHA and protein,
but the action spectrum for this effect has not been determined. An
action spéctrum may be misleading, as in sunburn and tanning, where it
measures the success with which UV wavelengths penetrate the screen of
dead squamous epithelium to reach the wvulnerable prickle cells, not the
absorption by a receptor molecule. UV-induced biochemical changes in the
skin include the change from trans- to cis-urccanic acid; the latter
absorbs UV 290nm strongly, thus serving a useful protective function.

The prickle cells in the epidermis are killed by far UV, presumably
following lysis of their lysosomes; whether the products of the lysosome
breakdown or urocanic acid cause the engorgement of blood vessels in the
dermis to produce erythema (reddening of the skin} is not known.

Erythema is followed by tanning, melanin being introduced into the cells
of the epldermis by melanocytes which in an unknown way are stisulaced to
activity by far UV.

UV=induced DNA damage iz subject to repair either by photoresctivation
(PR) or dark repair (DR). In PR the photoenzyme which is widely distri-
buted in cells, though not present in cells of mammals, combines selec-
tively with UV-DHA (not mative DMA) and absorbs visible light, splitting
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the dimers. "Cut and patch" DR may occur; an endonuclease excising

about a dozen nuclectides including the dimer; under action of the DNA-
polymerase the piece of DNA is replaced complementary te the intact
strand and bound te the DNA ends by a ligase, Or, replication may occur
around a dimer and in postreplicative repair the missing portiom is then
replaced by a mechanism much like eut and patch. Cells without effective
repair mechanisms are much more sensitive to far UV than those which have
them; this is most spectacularly shown in humans with xeroderma pigmento-
sum in which a single exposure of human skin te far UV may result in
CAMCET .

Hear UV is important in vitamin D production in vertebrate skin. Near
UV alse has deleterious effects, but the doses required are of a different
order of magnitude from effective far UV doses. However, in the presence
of natural seasitizers, the near UV may be as damaging as far UV. Some
natural sensitizers require oxygen, that is, they promote photooxidations,
e.g., the hypericins (from plants) and the porphyrins (products of a
deranged porphyrin mecabolism), while others, the furccoumarins (produced
by several families of plants), do mot. The hypericins and porphyrins
affect cell membranes while the furocoumarins form adducts with cellular
DMA. Consequences, behavioral and biochemical, will be discussed.

Life has been exposed to sunlight UV radiation since its beginning. In
fact, because the primeval atmosphere probably had licele oxygen, the land
was ablotic and was occupied by living things only after the development
of oxygen-producing photosynthetic organisms, when enough oxygen accusu=
lated to form the ozone screen. Repair mechanisms were even more essen—
tial co early life than now; perhaps the prevalence of such mechanisms is
a heritage from this pericd of much greater UV hazard.
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A SURVEY OF BIOLOGICAL AND PHYSICAL SCHEMES FOR EMERGY CORVERSION.
Roderick K. Clayton, Cornell University, Ithaca, NHew York, 14850,

Various schemes for large scale energy conversion, some invelving
biological processes, will be surveyed. The following topics will be
examined briefly.

1, Fossil fuels: <Can we exploit known reserves with more economy and
less pollution?
2, Wastes; their exploitation to make methane or te grow algae, Can
thermal pollution be turned to good use here!
3. HNuclear emergy and the question of thermal pellution.
&, Other terrestrial sources of energy: tides, ocean currents; winds,
and geothermal energy.
5. Sclar energy.
a. Direct heating.
b, Growth of grain and hence of cattle and chickens. Growth
of algae, aided by nutrient wastes,
¢. FPhotosynthetic production of hydrogen from water.
d. Solar bacterfes: Inorganic, orgamic; cells pattermed on
photosynthetic models.
Intrinsic physical limitations on the efficiency of solar energy
conversion will be discussed,
References:
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BIOPHOTOLYSIS OF WATER TO HYDROGEN AND OXYGEN.
L. O. Krampitz, Department of Microbiology, Case Western Reserve
Univ., Cleveland, Ohio.

The research to be reported is concerned with the biophotolysis of
water to hydrogen and oxygen by coupling the activity of the bacterial
enzyme, hydrogenase, with the reducing power created by photosys-
tems 1 and II of the photosynthetic apparatus. It is generally accepted
that the two systems operating in tandem are capable of placing an
electron from the exygen—water couple at 40, 8B volts te a potential as
low as -0.7 volts, pH 7.0. Since at this pH the hydrogen electrode
has a potential of -0.42 veolts it is thermodynamically feasible to em-
ploy the electrong obtained by the two photosynthetic systeme to obtain
hydrogen.

After the discovery that ferredoxin was involved in pyruvate oxida-
tion and hydrogen formation by some anaerobic bacteria (1) and that a
ferredoxin from plant material wae identical to the photosynthetic
pyridine nucleotide reductase discovered by San Pietro and colleagues,
Arnon and colleagues (2) showed that photosystem I could be coupled
with a bacterial hydrogenase to form hydrogen with ascorbate or
cysteine as the electron donor.

Qur efiorts have been directed toward bringing photosystem I into
operation in conjunction with photosystem I in order that water may be
the electron donor, The viclogen dyes, which are 4, 4' dipyridylium
salts, have been used as electron acceptors for photosystems I and 11
with water as the electron donor, or with only photosyvetem 1 employ -
ing ascorbate, cysteine and other reductants as the electron donor
{3){4}{5). Many of these dyes have an oxidation-reduction potential as
low or lower than the hydrogen electrode. Peck and Gest (6) were
able to obtain substantial gquantities of hydrogen from reduced 1,1'-
dimethyl 4, 4' dipyridylium dichloride (methyl vielogen, E;-D.‘iﬁ'l.l"}
catalysed by bacterial hydrogenases.

An experimental difficulty employing the viologen dyes as oxidants
for photosystems [ and II is that the reduced forms are extremely
autoxidizable, and measures must be taken to trap the liberated photo-
synthetic oxygen. To test the feasibility of obtaining hydrogen from
water by photosystems [ and II, we employed the blue=green alga
Gloeocapss alpicola with methyl viclogen as the electron acceptor.

We then coupled the reduced viologen with a hydrogenase preparation
obtained {rom Escherichia coli to obtain hydrogen. To trap the
evolved oxygen a double trap was employed, i.e., glucose oxidase and
glucose in addition to catalase and ethanol. With an experimental
volume of 150 milliliters, ten pmoles of reduced methyl viologen were
obtained and 4,2 pmoles of hydrogen were evolved when the reduced vi-
ologen was added to the hydrogenase preparation. Monuron and

diuron inhibited the formation of reduced methyl viologen, indicating
that the electrons originated from water.

With the cooperation of Dr. George Olah, Professor of Organic
Chemistry at our institution, we have embarked upon a program of
synthesizing 4, 4' dipyridylium salts with substitutions of eslectron
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withdrawing or donating groups on the 1, 1' quaternary nitrogens.
Seven compounds have been prepared and their ability when reduced
to form hydrogen in the presence of hydrogenase was compared to

1,1" dibenzyl 4, 4' dipyridylium dichloride (benzyl viologen).

Relative Activity

Benzyl viclogen = 100
R, = 4-fluorobenzyl = &0
Ry = J-fluocrobenzyl = 95
Ry = 2, 4-dichlorobenzyl = 25
Ry = 3-methylbenzyl = 30
Rg = T-carboxylbenzyl = 80
Ry = 4-nitrobenzyl - 30
R_ = 3, 4~dimethylbenzyl = 35

In order to obtain information regarding the autoxidation of the reduced
species of each compound (free radical) electron spin resonance
studies have been performed. These results will be reported.

Results of experiments designed to obtain electron acceptor com-
pounds other than the viologen dyes which are precursors for the
hydrogenase reaction will be reported.

1. Mortenson, L.E., Valentine, R.C. and Carnahan, J.E. Biochem.
Biophys, Res, Comm, 7, 448 (1962),

2. Tagawa, K. and Arnon, D.I. Nature 195, 537 (1962).

3, Zweig, G. and Avron, M. Biochem. Biophys. Hes. Comm. 19,
397, (1965).

4, Kok, B., Rurainski, J.R., and Owens, O.V. Biochim. Biophys.
Acta 109, 347 (1965).

%, Black, C.C. Biochim, Biophys. Acta 120, 332 {(1966).
6. Peck, H.D. Jr. and Gest, H.J. Bact. 71, 70 (1958).
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ENGINEERING SYSTEMS FOR BIOLOGICAL ENERGY CONVERSION PROCESSES. Lloyd
Herwig, Maticnal Science Foundation (RANN)



Page 94 TAM-C1

THE CONTROL OF THREE BRANCHES OF THE EXCISION REPAIR PROCESS IN ESCHERI-
CHIA COLI K-12 BY THE polA, dnaE, AND exrA GENES. David A. Youngs and
Kendric C. Smith, Department of Radiclogy, Stanford University School of
Hedicine, Stanford, California 94305.

We have examined the ability of the polA, exrA, pold exrA, and polA
dnat strains of E. coli K-12 to repair single-strand breaks produced in
the OMA by the excision repair process after UV irradiation. The polAls?
and exrh mutants of E. coli K-12 are partially deficient in the repair of
incision breaks. The polA exrf strain was more deficient in the repair of
incision breaks than a cTosely related polA exrt strain, indicating that
the effects of the polA and exrA mutations om this process are at Teast
partially independent.  However, the polA exrA strain was not completely
deficient in repair of incision breaks, suggesting the existence of still
another branch of excision repair which is independent of both the pold
and exrA gene products. Results with a polA dnaE strain (the dnak muta-
tion results in production of thermosensitive ONR polymerase ITI) indicate
that the repair of incision breaks which occurs in a polA strain is
largely dependent on ONA polymerase 11D activity. These results suggest
that the exrA branch of excision repair may also reguire DNA polymerase
1I1. Thus the available evidence suggests that a minimum of three branch-
es may be present in the excision repair process in a wild-type cell: (1)
a DNA polymerase I dependent pathway, (2) an exrf gene dependent pathway,
and {3§ a DNA polymerase [1I dependent pathway. Evidence for a rec-gene
dependent pathway of excision repair, which is independent of EnTﬁT] has
also been reported®.

'Paterson, M.C., J.M. Boyle, and R.B. Setlow. 1971. J. Bacteriol. 107:61.
2kanner, L., and P, Hanawalt. 1970. Biochem. Biophys. Res. Commun. 39:149.
Cooper, P.K., and P. Hanawalt. 1972. Proc. Nat. Acad. Sci. USA 69:TT156.

TAM-C2

SENSITIZATION OF ESCHERICHIA COLI K-12 CELLS TO UV IRRADIATION BY 2.4-
DINITROPHENOL. Emmanuel Van der Schueren and Kendric C. Smith, Depart-
ment of Radiology, Stanford University School of Medicine, Stanford,
California 94305.

U¥-irradiated E. coli K-12 wild-type cells were sensitized by a post-
irradiation treatment with 10-% M 2, 4-dinitrophenol (ONP). This sensiti-
zation was not found in uvrB cells, suggesting that ONP interferes with
the excision repair system. Earlier data from survivall and sedimenta-
tion experimentsZ»3 have implicated DMA polymerase I in excision repair,
More recently additional pathways of excision repair dependent on rech
recB® and exrA® have been proposed. The polAl strain was sensitized to
the same extent as the wild-type strain by but the survival of an
exrfA strain after UV irradiation was not changed by incubation in DNP.
Thus, DNP treatment seems to interfere with the postulated exrA gene-
dependent part of the excisfon process. Sedimentation studies confirm
the hypothesis that ONP interferes with the repair of incision breaks in
DA produced by the excision repair process. HRecombination deficient
strafns (recA, recB and rech recB) were protected by a DNP treatment
after irradiation. This protective effect was dependent on the presence
of functional uvr genes and was absent in recA uvrf and recB uvrB strains.
1Monk, M., Peacey, M. and Gross, J.D. {197T] J. Fol. Riol. 58:623.
ZKanner, L. and Hanawalt, P. (1970) Biochem. Biophys. Res. Commun. 39:149.
ipaterson, M.C., Boyle, J.M. and SetTow, R.B. i1§?ii J. Bacteriol. 107:61.
‘-cnafln%;er_ P.K. and Hanawalt, P. (1972) Proc. Matl. Acad, Sci. U.5.A. 69:

56.
*Youngs, D.A. and Smith, K.C. J. Bacteriol. (submittad).
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MEMBRANE CHANGES IN UV-IRRADIATED E. COLI B/r CELLS THAT DIE OF RESPIRA-
TORY FAILURE. P. A. Swenson and R. L. Schenley, Biolegy Division, Oak
Ridge National Iaboratory, Oak Ridge, Tennessee.

Icnic and non-ionic detergents have little effect on respiring bacteria
but if the cultures are poisoped with KCN, rapld lysls, as indicated by
turbidity losses, takes place. Ultraviclet (UV) rediations cause Escheri-
chis goli eells grown in minimel medium with glycerol as & carbon source
t0 cease reaspiring and growing about an hour after irradiation. We tested
the offect of the non-icnic detergent Triton X=100, on growth and plasma
membrane disselution (both measured by turbidity changes), respiration,
snd visbility of unirradlated and irradiated E. coli B/r cells. When
added to cells immediately afier irradistion (520 argsfmm? gt 254 nm), &
decrease in turbidity occurred only when respiration was sbout to cease;
when added after cessation of respiration, the turbidity loss set in im-
mediately. In both cases the turbidity loss wAs about ﬁﬂﬁ. At a lower UV
dose where ceSsAtion of respiration and growth is only transitory, deter-
gent treatment caused a turbidity loss at the same time as for the high
dose, but the loss was followed by &n increase; the initial loss in turbid-
ity we interpret as due to dissclution of plasma membranes of non-respiring
cells and the increase to the growth of the respiring cells in the popula-
tien. In all cases with irradiated cells, the detergent hed only 2 negli-
gible effect on respiration and viability. We conclude that Triton X-100
causes dissolution of plasma mexbranes only of non-respiring cells, i.e.,
those cells not destined to Survive. These results support our previous
conclusion that UV causes death through respiratory failure of a fraction
of the irradiated population. (Research sponscred by the U.5. Atomic
Energy Commission under contract with the Union Carbide Corporation.)

TAM-C4

ACTLON SPECTRA FOR THE KILLING OF UV-SENSITIVE SgORES OF BACLILLUS
SUBTILIS. N. Mumakata®, Lynn Marple®, T.T. Meng” and C.5. Rupert, Inmst.
for Holecular Biology, University of Texas at Dallas, Dallas, Texas 75230.

Bacterial spores are unique forms of organisms suitable for obtaining
photoblological parameters under various experimental conditions, which
can also be used to monitor the incensity of environmental radiations.
For these purposes, the spores of B. subtilis strain, UVSSP-42-1, which
have been shown to be deflicient in cwo of the dark repaie mechanisms re—
moving UV-induced thyminyl-dihydrothymine from spore DHA, have certain
advantages because they are highly UV gengsitive, and che UV-dose=survival
curves exhibit straight exponencial kinerics at any wavelength. We have
obtained the action spectra for the killing of these spores, showing here
cach wavelength in nm and the dose in erg-mm™* (in parentheses) which
kills 90% of the initial population: 230(59), 240(50), 265(25), 270{20),
280(32), 290(260), 300{4,300), 313(85,000). Grossly the pattern seems ro
correspond to the absorption coefficient of thymidine. However, some
fine structure is also cbserved with a peak at 270 n= and a dip around
275 nm, which might be caused by the presence of dipicolinic acid.

Spores in which a portion of thymidine residues was substituted by 5-
bromodeoxyuridine, showed decreased sensitivity below 285 nm, but higher
sensitivity above this wavelength. This also argues that direct UV ad-
sorption by thymidine or by 5-BU leads to the lethal damage in the spore
DPHA, with quantus yiclds dependent on the molecular species invelved.
Supported by MIH Research Granmt No. 5 ROL GM 16547 from the Rational
Inst. of General Medical Sciences and the University of Texas at Dallas
Research Fund.
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RECOVERY IN U,V, SURVIVAL CURVES.* A. E. 5. Green, J. H. Miller and
E. C. Pollapd, (intr. by D, Billen), Dept. of Physics and Astronomy,
University of Florida, Gainesville, Florida 321601,

We examine a number of approaches for characterfizing recovery phe-
nomena following exposure to ultraviolet radiacion, First we assemble
a set of experimental ulcraviclet radiation-dose response curves under
various conditions that influence recovery., These data are examined
in relationship to the survival-dose functions of Haynesl (H), Greenm
and B-urb'.i.z {GB), and a generalizacion of GB to include multiple gencmes
(MCB), each of which attempts to incorporate recovery functions, The
comparative analytic features of these recovery functions are examined
along with other simple variants. The parameters in these equations
are adjusted by & non-linear least square search routine which assigns
a relacive chi sguare to the fies, Using this ensemble of fits as a
gulde and our knowledye of the [actors which modify radio-sensitivity
in the cases H.uriil:rl, we attempt Lo converge upon An accurate and
pavaleally meaningful recovery funetion, Finally, we explore variocus
ab-initio characterization based upon current knowledge of recovery
méchanisms 8t che molecular level.

i, H. Haynes, Radiation Research Supplement 6, 1-29 {1966).
24, E. 8. Green and John Burki (submitted for publication).

#*Supported in part by the United States Atomic Enerpy Coemission,
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TEMPERATURE DEPENDENCE OF ULTRAVIOLET RADIATION SENSITIVITY OF CLEAN, DRY
T-1 BACTERIOPHAGE: RELATION TO A HOST-REPAIRAELE COMPONENT OF IONIZING
RADIATION DIRECT ACTION. D. J. Fluke, Department of Zoology, Duke Uni-
versity, Durham, N. C.

The direct action of ionizing radiation on T-1 bacteriophage, dried
from mnutrient broth and irradiated in vacuo, results in differing plagque
survival om E. coli B and E. coli Bgl. The difference suggests that a
component, possibly excitational, of ionizing radiation damage may be
susceptible to the host repalr systems by which B and Bgy host strains
differ. The dependence of the differemce upon irradiation temperature is
not markedly different from that evidemt for direct action im gemeral,
however. It hag been posgible to dry a fresh T-1 lysate from= 1,."&1}0
nutrient broth in water, with reasonable stabilicy of plaque survival,
and to check directly the radiation semsitivity, dry, for 2534 n= ulcra-
violet radiation and fast electrons. These UW-transparent phage prepara-
tions were irradiated im vacue in the same apparatus used for fast
electron irradiations. They showed little irradiation cemperature depen—
dence in sensitivity toward 254 nm radiation, although differing notably
in sensitivity with respect to the two host strains, of course. Parallel
experiments with fast electrons on the same phage preparations also
showed a substantial decrease in temperature dependence, on either host,
for irradiation at 300°K and 77°K. The host-related difference in sensi-
tivity of such direct action, however, increased from about 12X to about
30% of that on E. coli B, by the removal of broth from the electron-
irradiated preparations. The results overall continue to be consistent
with a substantial excitational component of the direct action. Work
supported by A.E.C. Contract No. AT({&0-1)3631.
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DIFFERENT GENETIC FORMS OF XERODEFMA PIGMENTOSUM. K.H. Kraemer®, H.G.
Coon® and J.H. RAobbins. Naticnal Cancer Institute, NIH, Bethesda, Md.

" We have studled genetic heterogeneity among xeroderma plementosum (XP)
patients by a cell-fusicn method similar to that of De Weerd-Kastelein,
Kei)zer and Bootsma who have reported the existence of 2 complementation
groups of XP patients (Nature, New Biol. 238: B0, 1972). We nov report
finding b complementation groups inm a series of 7 patients whose cells
have impaired initial rates of UV-induced tritiated thymidine (“HTAR) in-
ecorporation. Using killed Sendai virus, heterokaryons were made by fusing
fibroblasts from all the possible pairings of the XP patients. The cells
vere irradiated with 150 ergsﬂmnz from a germicidal la=mp, incubated at 3g°
with JHT4R for 3 hr., washed, and processed for autoradiography. Analysis
of the number of grains over the nuclei in binucleate cells revealed that
each XP cell line could be assigned to one of I complementation groups.
Heterokaryons ruruﬁd by fusing cell lines from any 2 groups gave TO-100%
of the UV-induced “HTAR incorporation of nor=al donors' unfused fibro-
blasts, vhereas heterckaryons formed by fusing cells within the same group
gave no more incorporation per nucleus than was found in the same cells
unfused. The L complementation groups were found to represent L classes
of repair rates: unfused cells of group A (2 patients) had=< 2% of the
normal rate of incorporation; group B (1 patient), 3-T%; group € (2 pa-
tients), 15-25%: and group D (2 patients), 25-55%. Preliminary experi-
ments with cell lines from 2 additional patients indicate that they are

in group C. One of the patients in group A reportedly has severe neuro-
loglieal involvement (DeSanctis-Cacchione syndrome) while the other has no
reported peurological abnormalities. There are neurclogical abpnormalities
in the patients of 2 of the other 3 groups, and each of these 3 groups may
prove to have certain of its own distinct elinical features.

TAM-C8

EFFECT OF CELL FHYSIOLOGICAL COWDITION gl MAMMALIAN HOST CELL
REACTIVATION. C. D. Lytle, 5. G. Benane, and C. F. Blackman, USDHEM,
P.H.5., F.D.A., Bureauw of Radiological Health, Divisien of Biclogical
Effects, Rockvilla, Maryland 20B52 and Emvironmental Protection Agency,
Watiocnal Environmental Research Center, Research Triangle Park, North
Carolina 27711.

Several important aspects of host eell reactivation (HCR) of UV-
irradiated virus are kmown, including the central role of excision
repair. Further investigation regarding the generality of HCR and
factors which influence it are reported here. From experiments with 18
different human cell cultures, no significant differences were found in
KHCR ability for Uv-irradiated herpes simplex virus among cells from dif-
ferent organs or from individuals of different sex or age. Two aspects
of culture in wvitre "age" were cbserved: (1) the HCR ability (determined
by DET:' increased somewhat with passage number; (2) infection of cultures
at ifé¢reasing times after a particular subculture demonstrated a small
increase in n; and a marked decrease in the relative level of the second
component of gz two-component survival curve, A similar depression of
the eecond component was found when depleted, rather than new, medium was
used. An experiment with mouse Balb/3T) eultures indicated that normal,
contact-inhibited cells have a one component survival curve, while a
trans formed culture had an additional, less sensitive component. Taken
together, these data indicate that (1) several cell culture condicions
have only a small effect on HCR (as measured by the slope of the survival
curves), and (2) those conditions which tend te inhibit eell growth de-
press the relative level of the second component of the survival curve.
Thus, some aspects of host cell reactivation are related to cell growth.
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ULTRAVIOLET AND X-RAY ENHANCED REACTIVATION OF HERPES SIMPLEX VIRUS IN
NORMAL AND MALIGNANT RAT AND HUMAN CELLS, X. B. Hellman, K. Haynes’

C. D. Lytle and L. Bockstahler, DHEW, FDA, Bureau of Radiological Health,
Division of Biological Effects, 12709 Twinbrook Parkway, Rockville,
Maryland 20852.

The phenomena of ultraviolet and x-ray enhanced reactivation were
studied in normal and malignant rat and human cells by measuring the
survival of ultraviolet irradiated Herpes simplex virus. The rat cul-
tures consisted of primary embryonic cells and an adenocarcinoma cell
line which were derived from the Osborn-Mendel rat, to minimize strain
differences. The normal and malignant human cultures were primary em-
bryonic lung and Hela cells, respectively, Similar levels of host cell
reactivation in the two component survival curves were found in both
cell cultures of each species. Ultraviolet and x irradiation of malig-
nant rat cells resulted in an enhancement of UV irradiated virus sur-
vival. UV irradiation of Hela cells gave a similar but lower enhance-
ment. The effect of UV irradiating the malignant cells is to change
the slope of the second component (larger D3y) of the two component
virus survival curves without changing the percent of infected cells
expressing that component. Although enhanced reactivation of the virus
was observed in the malignant cells, no ultraviclet and little, if any,
x-ray enhancement was demonstrated in the normal cells. These results
indica e that host-cell reactivation and UV or x-ray reactivation may
operate independently in mammalian cells.

TAM-C10

CELLULAR REPAIR OF ULTRAVIOLET IRRADIATED ADENOVIRUS-2 IN
NORMAL HUMAN FIBROBLASTS. Rufus S. Day, III, Chemistry
Branch, National Cancer Institute, National Institutes of
Health, Bethesda, Md. 20014

A plagque assay for adenovirus-2 on human fibroblast
cultures has been developed and used to measure the survival
of ultraviclet irradiated virus on 14 human fibroblast cell
lines. When 4 Xeroderma Pigmentosum (XP) cell lines were
used as viral hosts, the dose to inflict an average of one
lethal hit per virus in the viral population (D37) was 85,
150, 620, and 780 ergs/mm2, while when using 9 normal cell
lines as hosts, 2000, 2090, 2010, 2650, 2150, 2200, 2080,
2270, and 1950 ergs/mm2 were required to inflict the same
damage. In the case of an XP cell line which had been judged
to have normal repair by others (Burk et al. J. Lab. Clin.
Med. 77, 759, 1971; Cleaver, J. Invest. Dermatol. 58, 124,
1972) the adenovirus-2 D37 is only 1470 ergs/mmZ, demonstrat-
ing a possible repair deficiency in this line. The inactiva-
tion curves were repeated between 2 and 13 times on each cell
line. All viral survival curves using normal fibroblasts and
the "variant" XP line as hosts were linear down to at least
a surviving fraction of .001-.0001 on a log survival vs.
linear dose plot, while the curves using the 2 most sensitive
XP lines showed resistant tails extrapoclating back to less
than 1% of the wviral plaque forming population. The results
of three experiments show that the tail is not due to
multiplicity reactivation.
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PROTECTIVE INTERACTION BEIWEEN FLAVIN AND UV-IRRADIATED DNA, D, Roth,
Department of Pathology, NYU Medical School, New York, MN.Y.

Hechanisms by which flavins were observed to protect DHA against
far-UV radiation were investigated. UV-induced strand separation at
thymine photolesions in native calf thymus DHA was indicated by a shift
toward linearity in the thermal dissociation curve of the intercalacive
DHA-dcriflavine compléx, Proportiondte changes in fluorescence {ntensity
of the disscociated acridine dye served as specific, quantitative marker
for the change in DNA structure produced by thymine photedimerization.
Sensitivity was higher than could be achieved by ah:nrpt:ng spectrophotos-
metry or viscométric meéthod. We found that 5%10°% re 5X107°M FAD, in the
presence of oxygen, furnished protection which became wvirtually complete
at the higher concentration. The proteéction was greater than that which
could be attributed to a simple filter effecc, and suggested the occur-
ence of an interaction between flavin and DMA during irradiation. This
agrees with existing evidence that photoexcited FAD readily interacts
with nucleotide bases, raising the possibility of an energy sink mechan=
ism whereby potentially injurious photens absorbed by DHA may be
transferred to the flavin and dissipated harmlesaly. Such a protective
mechdnism mady operdte physioclogically in the cornea, whose exceptionally
high riboflavin content may be & substitute for hair, keratin, and
melanin, necessarily absent from corneal epithelium,

TAM-C12
METRBOLIC MAPS AND SUBSTRATE IRRADIATICON TIME

Ralph L. Sherman, Sorin Comorosan® and Wang H. Yee*
J.M. Richards Laboratory, Grosse Pointe Park, Michigan

A hosomorphism exists between classic metabolic maps of intermediary
metabolism and maps constructed of the tp and 7 parameters of the respec-
tive snzymes. Effective substrate irradiation can produce a ten percent
enhancement of the initial welocity of a substrate-enzyme reactien. The
effectiveness of the irradiation is wave length, intensity and time
dependent. The periodic nature of the time depandency gives rise to the
two parameters tp and T used in this discussion and defined as follows:
Tatg+nT, n= 0,1,-,+, 5 where, T ia an affective irradiation time,
and tm and T are experimentally determined parameters for each specific
onzyma (wave length and intensity held censtant at their optimum values) .
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THE ISOLATED, PERFUSED EYE: A USEFUL TOOL IN PHARMACOQLOGY,
PHOTOBIOLOGY AND PHYSIOLOGY, Anthony L. Marchese and
Alexander H, Friedman, Department of Pharmacology and
Theraveutics,” Loyola Unlversity Stritch School of Medicine,
Mayvood, I1llinois 60153,

Gouras and Hoff (Invest. Ophthal, 9(5)388-399, 1970)
demonstrated the feasibllity of studylng apparently-normal
physiological funection in the isolated, intact eye perfused
through its own arterial circulation by an oxygenated blood
substitute., Such a preparation can be stimulated under
steady-state conditions by mono- or polychromatic light
from a xenon source and 1ts viabllity monitored by observing
the electroretinogram (ERG) and optic nerve potential
elicited by pulses of high intensity light throughout the
perfusion period. We will discuss the advantages of the
preparation in the detection of arteric-wvenous differences
in conatlituents of the synthetic perfuzion fluid and show
how the venous effluent can be collected, fractlcnated,
characterized neurochemically and subsequently biloa=sayed
in in vitro and in vivo preparations., The response of
eulfores of retinal pigment epithelium (RPE) of mammalian
origin to perfusate constituents will be demonstrated
utilizing time-lapse photography and electron microscopy.
The application of the isolated, perfused eyve technique to
neuropharmacological studles will be 1llustrated.
(Supported in part by USPHS GRSC and The Woed Foundation)

TAM-D2

ACTION SFECTRUM AND LIGET ADAPTATION OF THE LIGET-INDUCED MEMERANE HYFER-
PCLARIZATION IN APLYSTA L-10 NEURONS. M. C. Andresen®, F. G. Sweensy*,
and C. L. Erandt. Biclogy Dept., @alifornia State Univ,, San Diego, Cal,

The large autoactive L=10 meuron of the isolated abdominsl ganglion of
Aplysis ealifornica is photosensitive, responding to flashes of light with
& dose-dependent membrane hyperpolarization which produces & decresse in
Trequency or cessation of the normsl apiking pattern. The dose of mono-
chromatic light producing & defined "tkreshold hyperpolarization™ was
determined at 10nm intervals from 350nm to TOOnm on each of more than 20
individual neurons (these neurons survive 18 to 20 hours i0 witry malking
possible very long experimenta). A composite aotion spectrum constructed
fro= these dete resesbles carotencid absorption with a broad peak centered
argund 480nm. The a:puaurqﬂﬂnaa 5liciting & "threshold hyperpolarization™
at 480nm aversges 3.3 x 10 Q/mm” snd is sbout two log units less than
the dose required at 610nm and 360nm. Adaptetion of the light-induced
membrane hyperpolarization occurs to a series of one-half second light
flashes delivered at one minute intervals, the response to each flash
successively deereasing and resching 33% of the initial reaponse on the
ninth flask. This light sdaptation displays pseudo=first order kineties.
An action spectrum resembling carotencid absorption ard showing & primary
peak around 480nm has been derived from the kinetic data on light adap-
tetion determined at 10nm intervela. Dark adaptation is slow and follows
& hyperbolic time course reaching helf-maxi=mus in about 25 minutes. The
zoncchromatic light used in these atudies was isolated from a super-high
pressure sercury arc with a B and L monochromator set to a 10nm bandpasa,
A reduced image of the exit s1it (1 x 2== ) was focused on the neuron.
Irradiance at the cell surface was measured with a photocell calibrated at
each wavelength interval with & calibrated thermopile,
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THE EFFZCTS OF LICHT ON THE RESPIRATION OF VERTEBRATE AND INVERTEERATE
RETINAS WITH SPECIAL REFERENCE TO THE EFF:CTS OF ACETYLCHOLINE AND
GCAMMASAMINCEUTYRIC ACID OM THE FROG RETINA. M, J, Jaffe and E, L.
Pautler*, Botany Dept. Chic Univ., Athens, Chic & Blophysiecs Dept.
Colerade State Undiv., Ft. Collins, Colerade.

Dark adapted retinas of 4 verteabrates (Lepomis » Hang
plplens, sa.sm gallug and Rattus rattus), 1 invertebrate (Ogtopug
bipaculatus), and the compound eye of the lobster (Homarus americapus)
were axasined by slactronle respirometry to test the effect of darknass
and 600 rpe flicker light on oxypen uptake. In all cases bpt 1,
regpiration in flicker light vas sipnificantly lowver than in darkness.
The reverse was true in the occtopus retina. The effecta of a number of
neurotransmitters was tested on the frog retina. 100 uM acetyleholine
(ACH) sipnificantly incoreased respiration above the dark lewel, and
100 uM garma-acinebutyric acid (GAEA) decreased O uptake te the lewel
normally found in flicker lipght. When chollnerglc drugs were tested,
both 100 uM d-tubocurarine and atropine decreased dark respiration to
a level below that found in the light, Because of these data snd
cbservations reported by others, we suprest a possible mechanism for the
regulation of respiration in darkness and light based on contrel by
ACh and GABA, The flicker light effect on respiration was cbserved in
the presence of 10 mM aspartlc acid, but ACh, GABA and atropine had no
effect on the electroretinoeram or on the PIII component. We therefore
conclude that light activated electrical events and lipght induced
respiratory changes are not causally related. They probably cccur in
parallel and thelr possible relationship to the visual process is
discussed. Supported by the Naticnal Seience Foundation.

TAM-D4

AN EXPLANATION FOR THE PURKINJE SHIFT IN FISHES. F., W. Munz and W, N.
McFarland, Dept. of Biology, Univ. of Cregon, Bugene, Oreg,, and Section
of Ecology and Systematics, Cornell University, Ithaca, N. Y.

Visuwal pigments were extracted from the retinae of a large and
diverse sample (179 species, in 40 families) of tropical marine fishes.
By the method of partial bleaching, most af these were found to be reti-
nal-1 pigments, with their maxima tightly grouped between 489 and 502 nmj;
but a few have hpgy at shorter wavelengths. The spectral position of
these pigments does not correlate with diurnal or nocturnal activity pat-
terns, nor do closely related species necessarily have similar pigmente.
In general, the deeper-living species have rhedopsins with Ap.. at short-
er wavelengths, a correlation with the bluer guality of light in deeper
water.

The spectral distribution of light was measured in air and underwater
at a coral atoll. During twilight the underwater spectrum narrows and
shifts to shorter wavelengths, as a result of increased absorption of
yellow-orange light by the atmosphere. This effect at morning and eve-
ning twilight is unique among the general spectral events of esach day.

Of eritical importance to fish survival are the twilight periods,
during which predation becomes maximal. Visually, these are awkward
times of slow transition between the photopic and scotopic syatems.

These facts are reflected in complex behavioral sequences that accompany
the exchange of diurnal and nocturnal faunag. In both predators and
prey, rhodopsins have been selected that match the spectral distribution
of twilight. The Purkinje shift is an evolutionary adaptation that
maximizes visual sensitivity during the critical and visually difficult
twilight pericds.
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CHANGES IN TROUT VISUAL PIGMENTS. D.M. Allen, Department of Zoology, Univ
of Michigan, and W.N. McFarland, Ecology and Systematics, Cornell Uniw.
The proportion of two visual pigments (rhodopsin and porphyropsin) in
the retinae of some trouts changes in response to experimental or field
photie conditions. The brown trout, Salmo trutta, has evolved a more red
sengitive and less labile rhodopsin-porphyropsin mixture; ics porphyrops-
in pigment always dominates regardless of photic conditions. Rainbow
trout, Salmo gairdneri, and breok treut, Salvelinus fontinalis, have rho-
dopsin-porphyropsin mixtures that change in response to photic conditions
= inceasing thodopsin in darkness and decreasing rhodopsin in Lighe.
Wild cutthroat trout, Salmo clarki, living in shaded areas, had more rhe-
dopsin during winter and spring than fish living in non-shaded areas of
the same stream. The potential for demomstrating these responses may de-
pend on several facrors, but light intensity, photoperiod, scason and
température seem to be primary. This evidence confirms earlier evidence
that at least two types of responses - one in which light favors rhodop-
sin and darkness porphyropsin = and one in which the opposite is true
(trouts) co-exist amongst the freshwater fishes. 1In species of both
types, thodopsin incresses in summer and decreases in winter. The oppos~-
ite condition has not been reported.

TAM-DG&

THE EFFECT OF TEMPERATUEE ON RHODOPSIN-PORPHYROPSIN RATIOS IN PAIRED
PIGMENT FISHES., William M. McFarland and Donald M, Allen, Division of
Biology, Cornell University, Ithaea, N.¥. and Dept. of Zoology.
University eof Michigan, Ann Arber, Hich.

The trout, Salmo gairdneri, and the common shiner, Kotropis cornutus,
were exposed for a peried of cne-month to continuous temperatures of 4.5°
and 14°C. Groups of 18 fish were maintained in each temperature and ex-
posed to either continucus light, a 12L/12D photoperied, or, to continucus
darkness. After sampling and analyzing for the percent porphyropsin in
inicial controls in each species, & fish were sampled after two and after
four weeks of exposure to each treatment. For both the trouts and
shiners, fish exposed to the higher temperature (14°C) had a smaller
parcentage of porphyropsin in thelr recinse than fish exposed to the
lower temperature (4.5°C). The effect of higher temperature in reducing
porphyropsin percentage was independent of the effect of light or dark-
ness on porphyropsin percentage in rainbow trout and the coemon shiner.
Hormally, light has cppesite effects, as does darkness, on these spacies,
light inducing an increase in porphyropsin in the trout and a decrease
in the shiner. The mechanism of temperature action remains obscure, but
the ner effect is to set the rhodopsin-porphyropsin balance under given
light conditions at a lower level. The possible invelvement of seasonal
temperature changes in changing rhodopsin-porphyropsin percentage is
discussed.
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STUDIES ON THE MOLECULAR ORGANIZATION OF ROD OUTER SEGMENT
MEMBRANES. Edward Dratz, Rodger Raubach, Peter Nemes*, Jan-
ine Perlman®, Kendall Madden* and Stephen Schwartz®, Division
of Nartural Sciences, Univ. of California, Santa Gruz 95060.

Several membrane impermeable reagents react with rhodopsin
in the disk membranes. A membrane permeable imidoester,
ethyl acetimidate, labels all the amino groups of rholopsin
and the lipids in the intact membrane. The impermeable ana-
log, sodium isethionyl acetimidate, reacts with four of rhod-
opsin's amine groups in the intact membrane.

We have found that a large amount of polysaccaride is
normally bound to the disk membrane in the extradiscal space
of the rod. 1In our previously reported preparation fluor-
escein iauthiacyfnate (FITC) would not react with rhodopsin
in the membranes®. Howevever, if the polysaccaride is re-
moved from the membrane preparation by water washing four
FITC molecules react per rhodopsin.

Results will be presented on Concanavalin A and wheat germ
agglutinin binding to the membranes and on other membrane im-
permeable reagents.

Rhodopsin fa exposed to the agqueous medium, probably on
the extradiscal side of the membrane. An analysis of the low
angle X-ray data on the membranes will be compared with the
chemical data with regard to the structure of the membrane.

l. Dratz, E.A., Gaw .E., Schwartz, 5. and Ching, W. Nature
New Biol 237 80%(18725" e &

TAM-DS

LIGHT EVOXKED RESPOWSE FROM THE EPIPHYSIS OF CHICKS, b. 1.
Hamasaki, Bascom Falmer Eye Institute, Univ, Hiami, Fla,

Stainless steel electrodes were directed into the epiphysis
of anesthetized chicks, |Illumination of the lateral evyes
elicited a response which had a lateocy of approximately 40 msec.
The threshold for eliciting 8 responge from the epiphysis was
comparable to the threshold for evoking a response from the cortex.
BDirect illumination of the epiphysis did not elicit a response,
The position of the electrodes was confirmed in all cases by
marking technigues.
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AN EXPLICIT MODEL FOR THE ELECTRICAL RESPONSE OF THE ROD. Vie
Elias*and Edward A. Dratz. Dept. of Physics, Univ. of Mass.,
erst and Div. of Nat. Sci., Univ. of Calif., Santa Cruz.

We have explicitly caleculated the time course and relative
magnitude of the rod ocuter segment plasma membrane sodium re-
sistance in response to a light flash on the basis of the
following model. The rod disks contain transmitter molecules
which are released by light and which diffuse to sodium pores
in the plasma membrane. Binding of the transmitter te the
sodium pore closes it and a pump in the disk membrane restores
the extradiskal transmitter concentration toe a low value. We
have related sodium resistance te measured voltage response
based on published eireuit models of the rod ecell. The shape
and persistance of the response to flashes in rat and Necturus
indicates that the rate of return of transmitter to the disks
iz linear with concentration of transmitrer. The topology of
the outer segment interior requires a reduced effective trans-
mitter diffusion constant and this reduction explains the
rise kinetics of voltage response to dim flashes in Necturus.
The interaction of transmitter ions with individual plasma
membrane pores is discussed in temms of first order binding.
Other types of binding are related to different forms for
saturation of veltage response.

TAM-D10

IMMEMMPWWMEHTHEMH{AWWHGW
EXPOSURE. W.T. Mason, ¥.F. Iee, R.5. Fager and E.W. Abrahamson
Dept. of Chemistry, Cass Western Reserve University, Cleveland, Ohio LL1OE

This paper reporte the direct experimental finding that calcium ions
are releasad by outer segment disc membranss of photoreceptors upon light
exposure. A technique was developed whereby the plasma membrane of the
rod wvas removed by entyme treatment; the disc membranes were then allowed
to accumulate radicactive calcium ion. The mechanism of lon accumualation
appears to be by means of & ocuabain-sensitive pump in the dark in addition
to a simple diffusion component. Disc membranes were bleached for varying
periods of time and it was found that Ca was released from the discs in
direet response to the amount of photoplgment bleached. The kinetics of
this release and uptake have been studied similarly in whole retina, erode
and highly purified ocuter segment preparations of the frog and cow.

Similar experiments were performed on &8 somewhat different system.
Pure rods vere ultrasonically disrup and allowed to reseal, thereby
yielding & apherical vealicle of TOO A diameter. By this technique the
internal componenta of the veslcle preparation can be coatrollsd. Using
variations on thia technique, the kinetice of the light dependent calcium
ion release and uptake vere studied and found to be identical to the
intact disc. This system has further allowed us to study the compartmen-
tal localization of the pump components and well as to accurately measure
quantitatively the ion fluxes across the disc membrane.

These results and our previous finding concerning translocation of
rhodopsin in the disc membrane upon light exposure have allowed us to
formulate a model of the visual process of the coupled sbsorptionfexcita-
tion phenomenon in the vertebrate photoreceptor.
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ATTACK OF VERTEBRATE AND INVERTEBRATE VISUAL ?Inw BY SCHIFF BASE
ATTACKING REAGENTS. Roger 5. Fager, Michael Kandel, Stuart Goldman and
E.W. Abrahamson, Dept. of Chemistry, Case Western Reserve University,
Cleveland, Ohio LB10G

For both vertebrate and invertebrate rhodopsin in the dark-adapted
state, the retinal chromophore s belfsved to be buried in a hydrophobie
pocket, ipaccessible to small hydrophilic attacking reagents. We have
recently shown that the hydrophobic analopues for these reagents, i.e.,
eyanshorchydride for borohydride and ethanloamine for hydroxylamine, do
attack the chromophore.

None pigments, on the other hand, normally function at high light
intensities. For this reason, the bleached retinal chromophore must be
regenerated more rapidly and the chromophore bipding site must be more
accassible from the molecule’s exterior. Wald, Brown and Smith showed
chemical attack of the cone pigment icdopsin by hydroxylamine and rapid
repeneration by 1ll-cis retinal. Similarly, we have shown attack by
godium borohydride and denaturation by a variety of detergents under
conditicons vhere rhodopsin is unaffected.

TAM-D12

FHYSTCOCHRMICAL FROPERTIES OF VERTERRATE AND INVERTEERATE PHOTORECEPTOR
MEMBRANFS . W.T. Mason, R.5. Fager and E.W, Abrahamscn, Dept. of Chemistry
rage Western Reserve Univ., Cleveland, Ohlc 106

Many studies of the bovine photoreceptor membrane exist, but up to
this time 1i%tle attention has been pgiven the frog or sgquid photreceptor
mechranes. This paper reports the lipid and fatty ecid compositicn of
purified rod and rhabdome cuter segment mesbranes from the frog and squid,
respectively. The squid membranes were found to contain high cholesterol
and large amounts of saturated, short chain fatty acids, whereas the frog
rod was found to contain 1ittle cholestercl and large amounts of polyun-
saturated fatty mcids. We have also studied the glyeolipid content of
these photoreceptor membranes and found them to vary widely, the bovine and
frop contsining less than 25% and the squid nearly 0% of the total lipid
as plycolipid. Further results will be reported as the differential phos-
pholipid extractibility of squid rhabdomes in light and dark. These re-
sults indicate that phosphatidyl choline is s tightly bound cosponent.

The data refleeting the different lipid and fatty acid compositions
af these membranes is further reflected in the deformablility properties
of the membranes, i.e., one is able to obtain protein/lipid fibers in the
squid membrane, whereas upon deformebility of vertebrate photoreceptors,
no such fibers are cbtained.

This report alsoc contains results of differential secanning ealori-
metry on photoreceptor membranes. All membranes show reversible endother-
mic transitions which center around -30°C, altheugh the transition temp.
does vary somewhat Tor each membrane., Extracted lipids show a similar
transition, though lower in tempermture and higher in heat content.

hese results are consistent with a view of the squid rhabdome as &
rinidTm:n!'lmrnne structure and the vertebrate membranes as highly fluid.
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THE MOLECULAR DESCRIPTION OF BIOLOGICAL CHROMOFPHORES. Aaron
Lewis, School of Applied and Engineering Physics, Cornel
Univ., Ithaca, N.Y.

Photobiology is based on the fact that living systems con=
tain biological chromophores, i.e. molecules that absorb
solar radiation, and that this absorbed light energy in some
way "transduced" into chemical, electrical or mechanical
energy which characterize photobiological processes. We
assume that these transduction processes can be understood in
molecular terms and our purpose i1s to examine “primary
processes” in biological chromophores in these terms. The
photochemist understands the primary process to mean the
direct conseguence of light absorption by the chromophore,
i.e. the initial photochemical or photophysical act which the
excited molecule undergoes as distinct from thermal or dark
processes which follow this act in the sequence of events
producing particular photobiological phenomena, e.g. photo-
synthesis, wvision phototaxis, ete. To gain an understanding
of these primary processes in molecular terms we must refer
naturally to the principles already established by spectros=-
copists and photochemists for such systems in vitro. HNow
electronically excited states, in addition to having much
higher energies, generally have electronic charge densities
and even geomeétrical shapes that differ from the ground state
50 that a molecule in a given axcited alectronic state must
be viewed as a separate molecular species with a unigue set
of chemical and physical properties. Electronic states of
molecules are most often described gquantum mechanically in
terms of molecular orbital theory. Such molecular orbitals
have a convenient pictorial as well as mathematical descrip-
tion which iz a reasonable approximation of the spatial wave
functions of the individual electrons. 1In this lecture we
shall develop, in essentially this pictorial form, a descrip-
tion of elactronic states of bioclegical chromophores in terms
of molecular orbital theory and show how such states are
populated by radiative and radiationless processes as well as
the types of photochemical primary processes that can arise
from them.

H. H. Jaffe and M. Orchin, "Theory and Applications of Ultra-
viclet Spectroscopy,” John Wiley & Sons, Inc., 1962.

R. Dandel, R. Lefebvre and C. Moser, "Quantum Chemistry,
Methods and Applications,” Interscience Publishers, 1959.

J. Calvert and J. Pitts, "Photochemistry," John Wiley & Sons,
1966,

K. Smith and P, Hanawalt, "Molecular Photobiology,™ Academic
Press, 1969.

E. W. Abrahamson and 5. M. Japar, "Principles of the Inter-
action of Light and Matter," Handbook of Sensory Physiology
VI1/l, Photochemistry of Vision, Ed., H. J. A. Dartnall,
Springer-Verlag, 1971.
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THE ROLE OF LIGHT IN HUMAN ENVIRONMENT: Thomas R. C. Sisson®,
Temple University School of Medicine, Philadelphia, Penna.

The development of varied and powerful sources of artificial light from
electrieity have led to sophisticated knowledge of illumination and its measure-
ment -- usually in terms of its perception by the eye. But visible light, as
much as U-V or infra=-red radiation has the ability to exert measurable biuw
logic effects. Medical uses of the visible spectrum have been virtually ignored
by physicians for the past 90 years, since the "Blue Light Mania" in the last
half of the 19th Century -- they have been, in fact, almost solely the pre-
serve of quacks and cultists, aside from the practice of heliotherapy at one
time. Howewver, there is a new appreciation of these uses by medical
scientists, stimulated in great part by the advent of phototherapy of the
jaundiced newborn.

Directly beneficial effects of light produced by artificial sources include
the photo-repair of U-V damage, the treatment of hyperbilirubinemia of the
newly born infant by blue light, the destruction of the virus of herpes
simplex  when stained by certain photosensitizing vital dyes, the diagnosis
of some hereditary disease in utero by the activation of fluorescent dyes in
fetal cells, the activation of immunoflusrescence of amniotic fluid cells to
diagnose infection in the fetus, and recently, the destruction of certain
cancer cells by visible irradiation after their incorporation of photo-
sensitizing agents. In the field of psychology, light has come to play a pro-
foundly influential role in affecting the psyche, although the mechanisms
invelved are poorly understood.

Mot all the effects of visible light are beneficial, however. Marked
effects on the retina have been demonstrated under circumstances that were
thought innocuous. Permanent damage to the visual receptors of nocturnal
rodents by green fluorescent light has been shown to be accelerated when
the body temperature is simultaneously raised. Blue as well as white fluor-
sscent light has caused blindness in the newborn piglet after less than 12
hours of irradiation. Alse. both blue and white fluorescent light increase
damage to the retinas of piglets cuased by oxygen in high concentration.

Certain enzymes and other substances in blood and tissue will abserb light
in vive and thus underge photochemical decomposition. Among these are
G-6-PD and GSSG, and the essential vitamin riboflavin. Their phaoto-
degradation in red cells leads to hemolysis. Although porphyria is an
uneommon condition, the individuals with this disease are exquisitely
sensitive to visible as well a U-V radiation sinee they have large accumu-
lations of porphyrins which are highly phototoxic. The increasing use af
artificial light sources containing near U-V along with visible spectral
emissions offers a distinct hazard to such people.

We know that photosensitizing drugs given to pregnant women cross the
placenta to the fetus readily. I, after delivery, the infant is exposed to
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light of high intensity as with phetetherapy . the chance of photosensi-
tization is increased .

Biclogic rhythms, not only of behavior, sleep, and unconscious bodily
functions, but alse rhythms of metabolic and biochemical processes, the
reproduction of hormones, enzymes, amino acids and se on are regulated
by the cycling of light and dark. If the natural cycle is altered by
artificial {llumination these rhythms will be disturbed. Elegant studies of
the effects of constant dark er light environment, and light of differing
spectral distributions have shown effects on organ size, growth patterns,
and sexual maturation in some animal species, possibly ineluding man.

The psychological effects of light, particularly ef eolored light, are well
known but not well understood . These effects may bear a causal relation-
ship 1o purely biclogic processes in the brain induced by light which in turn
will affect psychic behavior. Light intensity as well as wavelength spec-
ificity may alter productivity and mood. In the infant, sensory overload by
prolonged exposure to highly intense illumination may produce undesirable
effects on development. Indeed, the manipulation of the lighting environment
of adults as well as infants can have consequences of which we may be quite
unaware.

The penetrance of visible light rays into tissues deeper than the skin
has not been adequately measured. The penetrance of U-V has been
measured with some success, so that we do know much about the photo-
chemical actions within these superficial cells, but the potency of visible
light below the skin bears closer study. Our investigations, for instance,
have demonstrated a significant transmission of blue light through the entire
abdominal wall of the living rat. The photochemical action of light other
than U~V upon deep tissues is an area of study that needs much further work.
Some studies have shown an increase in blood flow in limbs, and an
inerease of insensible water loss of physiclogically significant degree.

It is obvious that we must consider the types and sources of artificial
light, intensities, spectral characteristics, and the chemical, physiclogical
and psychelogical effects of the lighting environment in man == not from the
standpoint of illumination but specific photo-bislogic consequences of its
use.
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BIOSYNTHESIS OF RHODOPSIN
Paul J. DO'Brien, Laboratory of Vision Research, National Eye
Institute, NIH, Bethesda; Maryland 20014

Vertebrate photoreceptor cells are highly differentiated
structures with equally specialized functions. They consist
of two distinct compartments or segments. The inner segment
contains the organelles responsible for most of the genetic
and metabolic functions of the cell: nucleus, endoplasmic
reticulum, Golgi complex, and mitochondria. The inner segment
terminates in synaptic endings proximally, and connects with
the outer segment distally through a narrow cilium. The outer
seqment is completely filled with a stack of lamellar
membranous discs which are continuous with the plasma membrane
in the cone but separate in the rod (l}). These membranes are
composaed mainly of phospholipid and the visual pigments.

Rod outer seqments are continuously renewed by the addition
of new discs at the base of the cuter segment (2). Autoradio-
graphic studies show that protein is synthesized in the region
of the inner segment containing the endoplasmic reticulum.
Newly synthesized protein migrates first to the Golgi complex
then proceeds through the connecting cilium to become incor-
porated into the basal discs of the outer segment. To compen-
sate for this growth at the base of the outer segment, groups
of discs are periodically shed from the apex of the outer
segment, engulfed by the adjacent pigment epithelium cells and
digested (3). Parallel autoradiographic and biochemical
studies (4) have shown that the major protein labeled during
this process is rhodopsin., Once incorporated, the rhodopsin
remains in the membrane without exchange or turnover until the
discs are finally shed.

In order to study this process in greater detail we devel-
opad an in vitro system that sustains the incornoration of
radicactIve Teucine into protein using intact, isclated bovine
retinas (5). Microsomes are rapidly labeled and rod outer
segments become labeled after a lag periocd. One of the outer
segment components thus labeled is rhodopsin which can be
isolated and extensively purified by chromatography. The
identity of the labeled component as rhodopsin can be con-
firmed by exposure to light which hleaches the rhodopsin to
opsin. After such bleaching, the opsin migrates on an Agarose
column differently from rhodopsin (6), yet the label still
remains with the protein, opsin.

The time course of rhodopsin labeling also shows a definite
lag as anticipated from in vivo studies. Likewise, in pulse-
chase experiments, the specific activity of rhodopsin after
one hour of incubation can be increased seven=fold during a 3
hour chase. FRhodopsin synthesized in the inner segment during
the first hour of exposure to radicactive leucine micrates to
the outer segment during the 3 hour chase. Thus the in witro
system appears capable of sustaining the fundamental processes
of rod outer segment renewal. In fact, biochemical and auto-
radiecgraphic studies of freog retinas incubated in this system
confirmed these results and established conclusively that
guter segment renewal was taking place (7). A band of radio-
activity was formed at the base of the outer segment exactly

comparable to that seen iﬂ viva (4).
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Rhodopsin is a glycoprotein with an oligosaccharide unit
composed of three mannose and three N-acetylglucosamine
residues (8). The in witro bovine retina system sustains the
incorporation of labeled glucosamine into rhodopsin., The
product shows the expected light sensitivity and the radio-
active sugar can be released by hydrolysis and shown to mi-
grate with glucosamine on paper chromatography. The time
course of labeling is similar to that seen with radicactive
leaucina. However, in double label experiments glucosamine
appears in rhodopsin prior to leucine, No such differential
labeling occurs in microsomes or mitochondria. The first
glucosamine residue is probably added to the newly-synthesized
polypeptide on the rough endoplasmic reticulum shortly after
the leucine is incorporated. However, there is a transient
accumulation of these polypeptides in the Golgi complex (4).
This is the site of glycosylation for many glycoproteins, pos-
sibly including rhodopsin. The observed pattern of glucosa-
mine label preceding leucine would correspond to the glycosy-
lation of preformed polypeptides shortly before their migra-
tion to the outer segment. The longer lag in labeling rhodop-
sin with leucine would reflect the additional time required
for synthesis and accumulation of polypeptide in the Golgi
complex.

With either labeled substrate an opsin-like protein is al-
ways formed. It occurs as a very highly labeled component of
the outer segment with little or no detectable absorbance at
278 nm. Whether precursor or finished product it strongly
suggests that the polypeptide of rhodopsin can be transported
to the outer segment prior to the addition of the chromphore,
retinal.

The in vitro system is a convenient vehicle for the detail-
ed study of rhodopsin biosynthesis and outer segment renewal.

1. Young, R.W. (1969), in The Retina: Morphology, Function
and Clinical Characteristiecs (Straatsma, B.R., Hall, M.0.,
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7. Basinger, S.F. and Hall, H.0. ELFT?]. Biochemistry 12,
in press.
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PHOTOBIOLOGY OF VISUAL PIGMENTS. C.D.B. Bridges, Department of
Cphthalmoelogy, N.Y¥.U. Medical Center, New York, H.Y.

Visual pigoments result from the combination of ma variety of
apoproteine (opsins) with the ll-cis isomers of retinal (forming
rhodopsins ) or 3-dehydroretinal (forming porphyropsins). The
visual pigments we extract from dark-adapted animals are generally
believed to be derived from the rods. With the possible exception
of certain birds, cone pigments have not been brought into solution,
although their presence in the cone outer segments has been
demonstrated microspectrophotometrically (9).

The absorption properties of visual pigments are considered to
be broadly related to the spectral quality of ambient light. Fishes
from blue marine waters, particularly bathypelagie forms, have pig-
ments that are displaced towards the blue when compared with those
from fishes of reddish inland freshwaters (4,8,10). The absorption
mexima of rhodopsins, as a group, lie nearer the blue end of the
spectrum, between 440 and about 530 mm. Forphyropeins have kmax
between 510 and about 540 nm. Hence rhodepsins prevail in marine
fishes. Purely freshwater fishes fall inte several categories:
about half have porphyropsin only, most of thée remainder have mix-
tures of rhodopsin and porphyropein, while a few have rhodopsin
alone. The rhodopsing of freshwater fishes have Amax at 500-520 n=.

The migratory salmons, lampreys and eels generally have mixtures
of rhodopein and porphyropsin (2,7,11), the latter predominating in
upstream migrants, the former while the fish is still in the sea.
This would appear to be a simple story, the fish synthesising the
pigment with sbsorption properties most closely matched to the
light of its environment. There are exceptions, however, exemplif-
jed by the Pacific Coast lamprey which has only rhodopsin (7).
Moreover, it is becoming apparent that genetic factors are at werk,
often leading to selection of a vipual pigment that is not mani-
festly adapted to the color of the aguatic surroundings. Thus a
recent study has shewn that various isolated populations of origin-
ally migratory smelt landlocked for 10,000 years since the end of
the Wisconsin glacial epoch may differ markedly in their chodce of
prosthetic group (6). Some have pure porphyropsin and others almost
pure rhodopsin, even though the porphyropsin precursor F-dehydro-
retinol is present in the liver. The pure porphyropsin trait hos
persieted in one population for a period of 50 years since they
were transplanted over a distance of 500 miles into a lake in the
vicinity of that harboring a rhedopsin population.

In freshwater fishes the balanece between rhodopsin and porphyr-
opsin depends on a variety of circumstances. In Bome Bpecies
thyroxine exercises a potent influence im favor of porphyropsin (1);
a similar effect has been shown in migratory salmon and treut (3).
One important factor is the level of enviropmental illuminatiom.

A number of species react to light by converting most of their
porphyropsin into rhodopsin after a week or so (5,8). The effect is
reversible: on placing them in the dark, the proportion of
porphyropsin increases. In cne case it proved possible to influence
the pigments in one eye independently of the other by use of an
opague monocular cap (5). This demonstrated that the response
ooourred at the retinal level and was probably not mediated by
hormones roleased inte the general circulation. Recently, the
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gituation has become more comaplex, and experiments on one specios
have shown that photoperied and color of illuminakbion may be
important under some circumstances (1).

Like the fiches, sany amphibians utilise rhodopain and porphyr-
opain at some stoge in their lives (7,11). Tadpoles of Rana, la
and Xenopus have mainly porphyropsin, apparently in response to the
requlrements of seeing while immersed in freshwater habitats. This
view ia strengthensed by the observation that there is & transition
to choracteristically terrestrinl rhodopein at metamorphosic in
Rana (11,12) and Hyla (7) but not in Xenopus which remains squatie
throughout its life. ©On the other hand, tadpoles of Dufo and
Ne eturus have rhodopsin, like the adults. As in the spelt, one is
Ted to wonder whether the presence of rhodopsin er porphyropsin ie
deternined by purely adaptive considerations or whether other,
non=visual factors are lmplicated.

Recently it has been shown that Ronid tedpoles must be kept in
the light in order to maintain o high proportion of porphyrepesin (S)h
Ir the dark, the system gradually drifts towards rhodopsin, hitherto
considered the typical adult pigment. The process is reveraible
and has been repeated over several light-dark cycles. By keeping
tadpoles in special incubators illuminsted at different wavelengthe
it is possible to determine the intensities required to sustain
selected "eriterion" levels of porphyropsin. The sensitivity
obtained in this way differs conclusively from the photepic curve,
where there is a 2.5 log unit diserepancy at 690 na, suggesting
that if the response originates in the eye it is medisted by light
abgorbed in the rods.

At present, the mechonism of the photic effect is 1ittle-
understood. The pigment epithelium in tadpoles and fish often has
stores of retinol and 3-dehydroretinol esters that reflect to sowe
extent the chamging composition of retinal visual pigwents (5), 8o
it is likely that this tissuwe has an iepertant repulatoery function.
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VISUAL CYCLE IN VERTEBRATES
Sjoerd L. Bonting
Department of Biochemistry, Uniw, of Nijmegen, Nijmegen, The Netherlands

The most widely astudied vercebrate photoreceptor cells are the rods of
cattle and frog. The cuter segment of chese cells contains 1000-2000
neatly=stacked sacs or discs. In the sac membrames the visual pigment rho-
dopsin with its characteristic absorprion :pcctrum(hn = 500 nm) is om—
bedded. Tllumination of rhedopsin causes a series of themical changes be-
ginning with the isomerization of the chromophoric group li-cis retinal-
dehyde to all=trans retinaldehyde and ending in vive with the release of
retinol, the reduced form of the chromophore. Spectrophotometrically
geveral intermediates have beeén distinguished, so that the photolytic se-
quence can be written as follows: rhodopsin—s prelumirhodopsin (543 nm}
—= lumirhodopsin (497 nm)—s= metarhodopsin I (478 nm)}— metarhodopsin
1T (380 nm}——h-[netarhndnpsin ITI1 (470 nm}]——* retinel + opsin.

The initial steps are very fast, so that metarhodopsin I1 is formed
in about | msec at physiological temperature.

fur studies, all carried out an cattle photoreceptor membranes, are
aimed at the chemical characterization of the visual pigment and its pho-
tolytic products. Isolation of rod ocuter segments is carried out by mild
homogenization of the retina, followed by sucrose gradient centrifugation.
Any bleached rhodepsin is regenerated by treatment with Il-cis retinalde-
hyde, yvielding an aqueous suspension of photoreceptor membranes with maxi-
mal and constant rhodopsin content without the use of detergents (De Grip
et al, Vision Res., 12, 1597, 1972). Such aqueous suspensions, used in
most of our experiments, are less subject to structural and chemical de-
terioration than detergent solubilized preparations.

Pefinice proof of the identity of the chromophore as I1l-cis retinal=-
dehyde has been obtained by cautious extraction of the chromophore in
organic solvent and its identification threugh thin layer chromatography
and the spectral change upon iodine-catalyzed photolsomerization (Rotmans
et al, Vision Res., 12, 337, 1972), Molecular weighe (38,900} and molar
absorbance (40,300} of cattle rhodopsin have been determined (Daemen et
al, BBA, 271, 419, 1972). This study showed that rhodopsin represents 871
of the total membrane protein.

The binding site of retinaldehyde in rhodopsin as well as in metarho=
dopsin I1 has been established as the c-amino grouwp of a lysine residue
in opsin., Previowsly phospholipid amino groups as a binding site had been
excluded by means of enzymatic delipidation (Borggreven &t al, Arch. Bio-
chem. Biophys., 143, 290, 19715 151, 1, 1972; Daemen et al, Arch. Biochem,
Biophye., 145, 300, 1971). Blocking of all free amine groups in photore=
ceptor membraneés by amidination with methylacetimidate witheut removal
of the chromophore and subsequent determination amd identification of
the non-amidinated amino groups with DANSyl reagent established the bin-
ding site of the chromophore {(De Grip et al, BBA, 303, 189, 1973).

Since there are 16 lysine residues present per chromophoric group and
a protonated aldimine bond readily reacts with free amino groups, the
possibility of transiminization of the chromophore during the metarhodop-
sim l—» II cransition had to be studied. This was dome by adding NaBH
{(fixes cthe aldimine bond by reduction) during or afcer illumination, then
probing the chromophore binding site by treatment with Il-eis rerinalde-
hyde, and observing the formation of any light-semgitive pigment (Rotmans
et al, to ba published). The results imdicate that the chromophore does
not migrate during the metarhodopsin IT—s II transicion, but does so sub-
sequently during metarhodopsin IT decay. Surprisinmgly, it is found that
in the absence of reduction to retinel {no MADPH present} 60% of the chro-
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mophore remains bound, mostly o protein amine groups and a few percent
to phospholipid amino groups.

The photoreceptor membrane contains a retinoldehydrogenase, able to
reduce free and aldimine-linked retinaldehyde to recincl (De Pont et al,
Arch. Biochem. Biophys., 140, 275, 1970). Studies based on HI&HE‘ reduc—
tion as well as on amidination show that this enzyme has an amino group
in its active site, which is able to receive the migrating chromophore.

In the presence of the coenzyme MADPH this leads te reduction of the chro-
mophore (Rotmans et al, to be published).

Modification of sulfhydryl groups in photoreceptor membranes showed
that out of 6 SH-groups present per rhodopsin molecule only 2 are reactive
in darkness. In contrast to earlier reports for detergent-solubilized pig-
ment, no additional SH-groups become accessible upon illumination. Modi-
fication of the 2 reactive SH-groups has no effect on spectral integrity
and regeneration capacity of the pigment (De Grip et al, to be published}.

The search for an isomerase in the photoreceptor membrane, which is
able to convert all-trans retinaldehyde to 1l=cis retinaldehyde, has not
yet been successful. An artefactual isomerization to 9-cis retinaldehyde
and formation of isorhodopsin has been found in the presence of bacteria,
the bacteria forming an isomerizing cofactor and the membrane possibly
acting as an isomerase (Rotmans et al, BBA, 267, 583, 1972).

Combination of information from spectrophotometric and chemical
studies is gradually vielding a fairly detailed picture of the molecular
events in the visual eyele,
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PRACTICAL APPLICATION OF LIGHT AND COLOR TO HUMAN
ENVIRONMENT3. Faber Birren, Color Conaultant, Stamford, Ct.

The author has worked extensively in the specification of
1llumination and ¢olor for offices, industrial plants,
achools, hospitals, and for the facilities of the U. 3. Army
and Navy. He has applied the pure ressarch of others to
everyday envirommental problems. Out of this practical expe-
risnce he has reached several conclusiona which have proved
resultful in his werk, That in habitats occcupled over long
pericda of time, the artifieial light source should (a) emit
some ultraviolet radiation and (b) that it should be balanced
in terms of spectral emission from visible red through orengs
yellow, . green, blue intc violet, That high brightneass should
not exiat in the field of view where critical seeing taska
may be encountered in order to aveld severe muscular and fa-
tiguing conatriction of the pupil of the eye. That monotony
of illumination level, brightness and color should be set
aside for an enviromment in which moderate senaory change 1ia
planned and put into operation to aliminate the emotional
hazards of sensory deprivation. That tendencies toward phy-
s8lologieal mectivaticn with bright and warm colors, and relax-
ation with saofter and ecooler colora can be given functional
meaning depending on room purpose and occupant need. That any
esthetie approaches to color ahould be supported by tangible
evidence reached through competent research inte the wvisual,
physiclogical and paychological reaponses of the human
organism.

TPM-D2

A FLUX DAY--OBSERVATIONS ON FACTORS INFLUENCING THE LIGHT ENVIRONMENT OF
INFANTS. Jerold Lucev, Thomas Wolk, James Bottogei and Richard Klein.
pepts. of Ped. and Botanv, Univ. of Vt., Med. Ctr, Hosn. of Vt. Burlington

Little is known about the normal light environment of the newborn
infant. Nothing is known about the optimal light environment for an
infant. Concern has been expressed that phototherapy mipght exnose infants
to risks from excessive radiant energy exposure. Ohservations in our
nursery using a spectroradiometer indicate that a normal infant in an
incubator near a window exposed in 6 hours of summer sunlight receives
approximately 4700 microwatts/em* at 450 mu in 24 hours {a flux dav). An
infant recciving 24 hours of conventional phototherapy receives 3800
microwattsfem*. A number of factors (skin surface area, thickness, and
fotal age) nrofoundly affect the actual light dosage an infant receives.
Transmission of light through the skull of 2 premature infants was studied
at postmortem and found to be about 10% at 450 mu. These and other
important environmental factors affecting phototherapy will be discussed.
The hypothesis that a component of physiologic jaundiee is due to "light
deprivation” will be presented.

Study supported by NIH Grant PHS ROl 05561, United Cerebral Palsy Grant
and Easter Seal Foundation Grant.



Page 116 TPM-D3

INFLUENCE OF LIGHT INTENSLTY AND PHOTOFPERICD ON THE REPRODUCTIVE SYSTEM
OF HAMSTERS. Roger A. Hoffman. Colgate Univ., Hamilton, N.¥. 13346
Standard lighting in animal colonies and in most experimental condi-
tions usually ranges from perhaps 50 to 200 ft. candles in intensity.
Yet racts, hamsters and mice are nocturnal, exposed under original condi-
tions to intensities characteristiec of moonlight or dusk and davin. Te
determine Lf the responses of normal hamsters to short photoperiods of
low incensity (LI) are the same as those to high intensity (HI), animals
were exposed to one hr, of light per day at two different intensities.
At six weecks, testicular and accessory gland weights were 1237 mg and
368 mg respectively in animals in HI vhile chey were 2245 mg and 523 mg
respactively in LI. A second experiment with & hes. of lighe per day
ghowed no differences at six weeks, modest changes at eight weeks and
major differences at ten weeks (701 and 350 mg vs 2562 and 718 mg). The
evidence suggests a time/intensity Function by light and that the plneal
activity may be regulated or controlled by light intensicy as well as by
photoperiod. (Supported by NSF Gramt #GB-18350 and by the MeGrorty Fndm.)

TPM-D4

LIGHT INTENSITY AND SPECTRAL REQUIREMENTS FOR THE PHOTOSEXUAL RESPONSE IN
QUAIL. T. Ofishi* and J. K. Lauber, Department of Zooclogy, Univ. of
Albereta, Edemonton, Alberta, Canada.

Mature male Japanese quail (Cotwrnmir eotwnds faponiea) reared under
continuous light have gonads of maximal size, which then regress when
birds are tramnsferred to short photopericd. The photoreceptor for this
photosexual response is located in the head reglen, but 1s extra-retinal,
extra-pineal and extra-Harderian gland, although either the eyes or the
pineal may serve as auxiliary photoreceptor or as light guide to the deep
{hypothalamic ?) receptor. The light intensity threshold is between 15.7
and 1.57 ywfcm? (white, incandescent), for both intact and blinded birds,
higher intensities eliciting no further response. In intact birds, both
red (A max 625 nm) and green (500 nm) light promoted gonadal maintenance
at low Iintensity (4.0 ww for red, 9.6 ww for green), while only red light
was effective at very low intensity (1/10 of above energy levels). Blue
Light (450 am) was not stimulatory at either low or very low intensity.
In blinded bilrds maintained in several spectral environments at low
intensity (as defined above), only red light was effective, the gonads
being the same size as those of intact quail at very low intensity. The
key variable in the photic environment for quail appears to be wavelength
rather than quantum level. Orange-red radioluminescent paint {15 mg,

A max 600 am), placed beneath the skull immediately over the pincal bady,
elicited 8 marked gonadal response, while smaller amounts of orange-red
paint (5 mg or 0.5 mg), or a higher amount of orange-red paint afcer
pinealectomy, or green radicluminescent paint {15 mg, A max 520 nm) were
ineffective. (Supported by grant A=3446, National Research Council of
Canada.)
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ELSPONSE OF DOGS TO COMMERCIALLY AVAILABLE LIGHT SOURCES AS A SOLE SOURCE
OF ILLUMINATION. A. L. Popers, J. W. Templeton® and J. Cottingham®,
Departments of Animal Care and Surgery, University of Gregon HQEEI'E;I
schoel and Pertland General Electrie Company, Portland, Oregon.

Eiphteen 12 week old Labenji female puppies were placed under standard
ized foot candles of incandescent, mercury arc vapour, warm white flupo-
rezcent and bread spectrum fludreScent bulbs. The enpineerinp, husbandry
and weterinary menitoring of these dops for the first 15 months is dis-
cussed.

TPM-DG

COMPARIS(R! BETWEEM PHOTOREACTIVITIES OF CAPCIMOGEMNIC BENZIPYPENE ANMD SKFIN-
SENSITIZING COUMARINS. P. 5. Song, T. A. Moore,* and W. W. Mantulin,
Department of Chemistry, Texas Tech University, Lubbock, Texas T9409.
Significant spectroscopic difference was found between the 3-(Tr,'rr*}
state of coumarins and the 3La state of benzpyrene. Ko analogy of the
localized triplet state associated with the coumarin chromophore was re-
vealed in the case of the potent carcinogen, 3,4-benzpyrenme. Instead,
the 31, state of 3,4-benzpyrene is characterized by more delocalization
than that of non-carcinogenic 1,2-benzpyrene. Therefore, predominant
photoreaction between 3,f4-benzpyrene and DNA bases do not seem to invelve
cycloaddition in contrast to the coumarin-pyrimidine system. Reactiviky
indices have been calculated, and results are consistent with recent
experimental findings. In addition, spectroscoplc properties of 1,2- and
3;4~benzpyrenes have been comparatively described in terms of relatively
high resolution spectra, polarization measurements, and MO caleculations.
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A MODEL FOR THE LUMINESCENCE OF LYSOZYMES AND LACTALBUMINS .
J. W. Longworth and V. L. Keenig,* Biclogy Division, Oak Ridge Natiomal
Laboratory, COahk Ridge, Tn. 57000

Human leukemin (HLL) and hen egg-white Llysozyme (HEL) are believed to
sghare & common conformation with bovine a-lactalbumin (BAL). It is pos-
sible to consider the detailed environment of the individusl tryptophan
residues of these three proteins using the atomie strusture for HEL and
the three primary sequences. For example BAL shares b W residues in
common with the 6 of HEL. In HEL, W62 and W108 flucresce and only w108
in HLL; there are two fluorescence components of HEL and one for HLL,
Judged by spectra and lifetime. In HEL W11l is quenched by K116 and W28
transfers to W1ll. W65 interacts with disulfide E4-B0 and becomes the
source of phosphorescence, probably through triplet sensitizetion from
WE2 and W108; it also acts &s a quencher for W108 through transfer. W125
is quenched by K33. HEL lacks WG2 and W123, hence only W108 fluoresces,
hence the blue short-lived fluorescence. The additicnal Wik is quenched
by K33. BAL lacks Wlll, so W28 contributes to flucrescence &s does W1ZS
since K iz replaced by F33. Hence the greater intensity and long-lived
phosphorescence. Fluorescence anisotropy spectra of all three proteins
show no depolarizaticn, consgistent with either no transfer:c between the
flucrescent tryptophen residues, cor a parallel crientation (e.g., WG2 and
W108 of HEL). This result is in agreement with the molecular structure.
(Research sponsored by the U.S. Atomic Energy Commission under contract
with the Union Carbide Corporation.) (V.L.K. iz & Special Fellow of DHEW.)
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THE BEHAVIOR OF ACRIDINE ORANGE-CHONDROITIN SULFATE-A COMPLEXES
J. M. Menter and 5. 5. West, University of Alabama in
Bimin;hm, Birmingham, Alabama, and P, Gentilcore,

R. 5. Fager, G. P. F. Buntz and E. W. Abrahamson, Cage
Western Reserve University, Cleveland, Ohio,

A systematic study of the absorption, fluorescence, ORD and CD
spectroscoplc properties of acridine orange=chondroitin sulfate-A
{AD-CSA) complexes in selution has been undertaken. At relatively
low concentrations, shifts in absorption and fluorescence spectra
occur under complex formationm which are similar to those sccuring
in 40 alone at high concentrations. These shifts have been attri=-
buted to aggregation of AD to form dimers and higher aggregates, (6)
Fluorescence excitation spectra of mixtures of AD and C5A have
indicated the presence of more than one emitting species. In addi-
tion, the dependence of the ORD-CD properties, as well as the solu-
bility behavior of these solutions on CSASAD ratie indicate the
possible existence of at least two distinct AO-CSA complexes. These
spectroscopic effects are sensitive to changes in ifonic strength.
Some degree of photolability seems to exist for these complexes,
thus caution is urged in the interpretacion of spectroscopic
behavior in such systems.
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TRYPTOPHAN FLUORESCENCE AND FMM BINDING IN AZOTOBACTER FLAVODOXIN.
L. Andrews*, M, MacKnight, J. Ryan* and G. Tollin, Department of
Chemistry, University of Arizona, Tueson, Arizoma.

Previcus work [J. A. D'Anna, Jr. and G. Tollin, Biochem, 10, 57 (1971)]
has shown that the binding of FMN to Azotobacter apoflavodoxin results inm
the quenching of 90% of the tryptophan fluorescence. In an effort to
elucidate the mechanism of this quenching, we have measured the lifetimes
(with a pulsed laser) and relative intensities of apoprotein and hole-
protein fluorescence, using both native and N-bromosuccinimide (NBS)
oxidized materials. The tryptophan flucrescence of the apoprotein decays
exponentially with a lifetime of 4.1 nsec; the holoprotein fluorescence
decay is clearly non-exponential and has components with lifetimes close
to 2 nsec. This lifetime decrease is not sufficient to account for the
decrease in quantum yield and thus seme gquenching must occur at the ground
state level by a contact mechanism. NBS (at pH 6 or 7) is found to
oxidize two (out of four) tryptophan side chains in the apoprotein and
1.3-1.5 tryptophan side chains in the holeprotein. Both of these oxida-
tions are accompanied by complete loss of FMN binding, small but definite
changes in far UV CD spectra and complete elimination of the near UV CD
spectrum. In both cases, 85-90% of the tryptophan fluorescence is lost.
However, the fluorescence decay of these modified proteins is approximate-
ly exponential and the lifetimes are about 4 nsec. These results are
interpreted in terms of the presence of a tryptophan side chain in the
coenzyme binding site, which is oxidizable by NES in both ape and hole-
proteins, and which is responsible for approximately 90% of the fluores-
cence of the protein and the mear W CD spectrum. The binding of FMY
quenches this tryptophan by a contact mechanism and partially quenches the
remaining tryptophans by energy transfer.






