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SUNDAY, MARCH 23, 1986

09:00-09:30 Opening Sessior,

Introduction HENRYK JISELNBERG, Weizmann Institute
Opening Address FRED SAALFELD, Director of Research Programs, ONR

' -- welcoming Address: ZEEV R(YTIEf, Director, BSF

Ch'KSHE Otta-wa

09: 30-10:i 0 (Jerusalem).

9 ifty years of micrcbiolr gical studies in the Dead Sea: 193b-1986.

10:10-10:50 J.D. GAN-T (Leicester)
-*rhe ecology ar taxonomiy of the arcnaebacterial halophilesj

10:50-11:30 L. I. HOCHSTEIN, R. L. Manc:ni4A). and G. A. Tomlinson (Moffett Field,

On tfr occurrence of denitrification in the extreme halophilic
bacter 

N

11:30 Coffee
12:00-12:40 A2 Diego, CA)

- CO fixation in halobacteri-,

12:40-13:20 A. H. Latorella an- R-t.- SIMON (Geneseo, N.Y.)
'*Ccznparison of Dunaliella strains: Approaches to a modern taxonomy

13:30 Lunch

B. Structural Aspects

Chairman: W. STOCKENIUS (San Francisco)

15:00-15:40 A.T. MATHESON (Victora)
'-The evolution of the ribosome from moderate and extreme halophiles-

-,

15:40-16:20 A. YONATH, M. Saper, M. Shoham, A. Shevack. I. Makowski, T. Arad and
H. Wittmann (Renovot, Berlin)
Structural studies on crystalline ribosomal particles fras
Halobacteriim marismiortui.

16:20 Coffee

16:50-17:30 M. SHOHA M, M. Kimura, R. Reinhardt an6 J. Dijk (Rehovot, Berlin)
Purification and cna~acterization of riboscmal proteins from the 30S
subunit of the extreme halophile Halobacteritizr marismortui.

N N4. . %



MONDY, MAMI 24

13:00 Lunch

B. Structural Aspects (Continuation)

\ .", Chairman: H.G. WIT71MAN (Berlin)

14:30-15:10 \.Shoham, J. H. Brown and J. L. SUSSMAN (Rehovot)
--X-ray structural studies on a 2Fe-2S ferredoxin from halobacteria of

the Dead Seaj

15:10-15:50 .G._zaccai, E. Wachtel and H. EISENBERG (Grenoble, Rehovot)
\-.Solution structure of halophilic malate dehydrogenase from snall angle

neutron and X-ray scattering and ultracentrifugation measurements,

15:50 Coffee

16:20-17:00 F. WIELAND (Stanford/Regensburg)
"4 Halobacterial glycoproteins)

17:00-17:40 -S. Cohen, M. Shilo and M. KESSEL (Jerusalem)
<-zI'he effect of lowered C4+ and NaC1 concentration on the cell wall of

Halobacterizn volcanii from the Dead Se --

17:40-18:20 B. Z. Ginzburg and H. MORGAN (Jerusalem/Oxford)
--%Oielectrlc properties of some halophilic bacteria'

-2-
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TUESDAY, MARCH 25, 1986

C. Energe~tics.

Chairmain: M~. SH!Ln) (Jeraslane)

09:00-09:40 ~.S'Q~KENIUS (S~.n Francisco, CA)
Thtructurt_ and functio(r of the retinal pvTrcnts in nalcbacteria)

09:40-10:20 3. K. LANYI (Irvine, CA)
The mechanisiT of active chlaridc accumulatiun in Halobacterium
halobiurnt.

10:20-11:00 A.M. Kleinfeld, 3d.D. LeGrange and S.P.. CAPLAN (Boston, Rehovot)
Tryptophan i ma-i ng of oac teri o-opini, re-onstituted into lipid
vesicles.

11:0U Coffee-

Chairmian: R. L). SIMON (Geneseo, N..Y.)

11:30-12:1C M. ENGELHARD, K.-D. Kohl arkd B. Hess (Dortmund)
,--,The metal bindingj site of bacteriorhodopsin (bR)

12:10-12:50 D.3. KUSHNELR (Ottawa)
'-.tuies of active transport as a means of undierstanding salt

requiranents and salt tolera nceJ'

12:50-13:30 Bental, A. Ben-Amotz, M. Avron and H. E)IXAN! (Rehovot)
1P ?bl4R studies of Dunaliella.

13:40 Lunch

3.Ta x is~

Cha irman: 14. CYPIyOL1,NGhl (Jerusailer)

15:30-16:30 D. CEST RHELT, M. Ala-r and V.. Marwin (.Mfjnchen)
Halobacterial motion and taxis.

16:30-17:10 E.K. WLFF, R.A. Bogomolni, B. Hes5 and W. Stoeckenius (Dortrnund, Sarn
Francisc o)
Phototaxis in Halobacteriurr halobiur..

17:10 Coffee
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THRSDAY, AM 2'7, 198/2-

-

E. Mechanisms of Halotolerance"

Chairman: J. K. LANYI (Irvine, CA)

09:00-09:40 R. H. VREELAND (New Orleans)
NaC1 stimulated physiological changes in salt tolerant bacteria.

09:40-10:20 S. Ken Dror and Y. AVI-OOR (Haifa)
,he role of monovalent cations in the regulation of respiration of 3
nalotolerant microorganism.

10:20 Coffee

10:50-11:30 M. aJT and N.J. Russell (London, Cardiff).
Phenotypic adaptation of a moderate halophile to al-te-ed salinity jnd
osmotic stress - the role of phospholipids.

11:30-12:10 A. BEN AMOTZ (Rehovot)
Mechanism of halotolerance in Dunaliella: Determination of glycerol
and inorganic ion content.

12:10-12:50 M. Ginzburg and B. Z. GINZBURG (Jerusalem/Oxford)
Evidence for the metabolic control of Na+ and Cl- in Dunaliella grrwn
at constant salinity.

13: 00 LunchF1Aolecular 
Genetics.

Chairman: L. PARKS (Rale h, N.C.)

14:10-14:50 K. Ebert, W. Goebel C. Hanke, A. Moritz, U. RDEST and 3. Sur<*k
(Wtirzburg)
Genoce and gene structure in halobacteria.

14:50-15:30 C.J._DANIELL (Columbus, oH)
Tra-nsfer RNA gene structure and transcript processing in the
archaebacteriun Halobacterium volcanii.

15:30 Coffee
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16:00-16:40 M. MEVARMI, I. Rozenshein, R. Werczberger, T. Zusman
(Tel Aviv/kEaonton)
Genetic transfer in Halobacterium volcanii.

16:40-i7:20 LRZjiD (Caroondale, Illinois)
Transfer RNAs of Halobacteriu volcanii.

17:20-18:00 F. PFEIFER (M{nchen)
Organization of the Halobacterium halobium genomc.

18:00-18:20 R. SANCHEZ-LOPE2, I. Hoffman-Kuhn and B. Jarry (Strasbourg)
Molecular characterization of a multi-copy plasmid isolated from a

halophilic bacteria LPR3 SP.

FRIDAY, MARCH 28, 1986

F. Molecular Genetics (continuation)

Chairman: M. WERBER (Kfar-Saba)

09:00-09:40 M. BETLACH, D. Leong and H. Boyer (San Francisco, CA)

Genetic regulation of bacterio-opsin synthesis in
HalobacteriLun halobiun.

09:40-10:20 Ff. GROPP and W. Zillig (M[nchen)
Gene expression of Halobacteriun halobiun phage 4H.

10:20-11:00 . D-- NI(Vancouver)
Mo1- cu-r characterization of genes encoding elements of the

Halobacteriun protein synthesis apparatus.

11:00 Coffee

Chairman: D. OESTERHELT (M9nchenW

11:30-13:30 Open Discussion

13:30-13:45 Closing remarks

13:45 Lunch.
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FIFTY YEARS OF MICROBIOLOGICAL STUDIES IN THE DEAD SEA= 1936-1986

Aharon Oren

The Division of Microbial and Molecular Ecoloav
The Institute of Life Sciences

The Hebrew universitv ot Jerusalem

Jerusalem 919(.4, Israel

Exactly fifty years nave passed since Elazari-Volcani (Wilans~v!
3ublished his first account of the discovery of halophilic
microorqanisms in the Dead Sea 11. Volcani s studies [21 have shown
that the Dead Sea is far from being sterile as was thought before, but
is inhabited by a variety of microorganisms: difierent t,'pes ot
bacteria, unicellular green algae and even protozoa C3.

Quantitative data on the biota ot the Dead Sea before 198i, are
scarce; a study by 'aplan and Friedman in tre vears 1l67-1964 L41
showed high and rather constant community densities of red
halobacteria (up to 9Xi0) cells/Mil) in the upper water layers. while
the green alga Dunaliella reached numbers ot 1p to 4xl.1U cells/ml.

The planning of a water carrier connecting the Dead Sea with the
Mediterranean renewed the interest in the biology of the Dead Sea, and
we started a systematic survey ot the lale s biota in the beginning of
1980.

Community densities of bacteria and algae were very small in the
beginning of 1980, and increased sharply luring the summer and autumn
of that year to values a+ up to 2:<l07 cells/mi and 8.8: 10 a cells/ml,
respectively [5,6]. This bloom remained restricted tn the upper i)-_5
m of the water column, separated from the deeper la >-s by 3
pycnocline and/or thermocline. This stratification was caused by the
influx of large amounts of rain floods in the winter of 1979-1)60,
diluting the upper water layers by up to 1(1%. The bacerial bloom
consisted for 80% of pleomorphic halobacteria resembling HalobacteriLu
volcanil, and for 20% of rod-shaped halobacteria (H.sodomerse tvpe).
Large concentrations of the purple pigment bacteriurholop in Aere
found in the halobacterial community.

From August 1980 onwards the Dunaliella community started t)
decline till no more cells were observed in Febriarv 1982. bacterial
numbers remained high in the upper water layers (aruund Z-5xlK'
cells/ml) till November-December l982. when an overturn u-: the wat•
column caused the mixing of the water layers C71. No new bloons nt
halobacteria and of Dunaliella were ooser.ed in subseQuent years
(1983-1985).

Simulation experiments in the laboratory and ,inoer field
* conditions CeJ demonstrated that *he factors limitina developmnent ot

Dunaliella in the Dead Sea are the too hign salinitv ot tne water 'ur
rather the too high concentrations of divalent cations), and laci ot
available phosphate. Bacterial development is possible when su5Iabl?
organic substrates (in nature supplied by photosynthesis of
Dunaliella) and phosphate are present, and is also stimulated by
increasing dilution of the Dead Sea water. These resuits e.plain tt'L

-6-
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occur rence oif th-Ie SL 71mL'r C'C" 1', 11''~ and I he laci 04 S I M 1ar t IOOM -
In. the fC IlIOW InO t ok.r S( a Cr~s a-rj er ie US to 0OreI-1rt the_

development 04 4utUre blonis t ~om thE Vlhy ,ACal 5truCtu're anId the
chemical PrOPFrtie- o4 tht. Ipirj ,. water colunr..

I(1) WIl1kans v .E. 1
9
-L. Life inl the brad Sea. Nature I S: 467.

123 ElaZari-Volcani E . 1c;4,.. S L~dif?- On the micro42ora of the Dead Sea
Ph.D. Thes~s. The Hetlrei,. Universztv, ol Jerusalem.

C 7.j NiSSen)bA~fT1.-. 197ft. The microbiology and tjcieochemi~try of the
Dead Sea. MiCrub.Ecol . ::: 1l

C 4 1 aplar,.F.. , riedmro;,.. 19~7,_. Euo1oaical productivity in) the Dead
Sea. Pa-t 1: Microorcian~sms it, tnc water column. Israel J.Chern . 6:

15,J 0"en,A- .198-. FOCnliatlon dvramics- o4 halobacteria In the Deao Sea
water columrn. Limrol .ceal(Ycrr. 26,: cill.

16) Dren.i-. , E: iIc.r. 199-. op,,lation dyrinicc of Dtnaliella ____'

In the Dead Seo'. uinol.Oceanog'. -7: ClL1
7J3 Drer.A. 19tf'. TtiE rise and dEal ine oi a bloom of halobacteria in

the Dead Siza. ,.:nnol.Oceanocr. 9(: 11-915.
[81 Dre-_A. , Sni lc,.M. Factors deter-mirino the development c,4

alcial and n)acterial bloon.s in the Dead Sea: a study of SIMulation
e .Pe' IMentS i OUtdOcr pords:. FEME MiCrUbICI .Ecol .,in press.

77
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The Ecology and Taxonomy of the ArchaebacteriaL Halophilo';

W. D. Grant

Department of Microbiology. University of l.eiteiter.

Leicester LEI 7RH. Ii. K.

In equatorial regions, many natural ly - occurrlI hi,;hly

saline brines have high popkll atI ioOs of haracter ist I c

archaebacteria containing CS, carotenoids that Impart a red

colour to these brines. There are many different kinds of

natural brines, compositions being influenced hy the qitolooy Ind

climate of particular areas. but at least three distinct types

are dominated by these archaebacterial halophiles (of different

types). partlcularly as salt concentrations ipproa(h saturation.

Salt lakes are usually huihly eutrophic due to primary

productivity by eukaryotic algae in some cases, or anoxygenic

phototrophic bacteria in othes cases. Archaehacterial halophiles

grow primarily as aerobic orqanotroph5 on the products of primary

production hut they have other strategies under adver-;e

conditions that will be discussed.

Many archaebacterial halophiles are biochemically Inert.

although a few sugar - utilizing strains ire known (1.2) and In

general standard biochemical tests have not proved very uselul in

characterizing isolates. even when quite 'xtens Ive nimier'lal

• _



Staxonotil( ttldI(.,, hav been (art Ied out. Iraditionally, only two

ma )or groups have been recoqnled - the coccoid Isolates

(halo-occi ) and the rod - sha,,(d or PI eomorph I( 1olates

(halobacteria). Re( eut I. th,. (II-scoverv of haloalkaliphil i

archaebacteria in soda lakes (.3.4) ha,, pointed to considerable'

diversity within the general halophile phenotype and prompted a

reappraisal of the entire group. The rod - shaped

haloalkaliphiles inatronobacteria) and (occoid haloalkaliphiles

(natronococc) ) at e clearly dist inct from each other and from

*classical* halobacteria and halococci as determinied by lipid

analyses and nuc'l ei c acid hybridization studies (5.6). In

particular, the haloalkallphites were the first archaebacteria

shown to have sesterterpanyl (C2 5 1 isopranoid chains in ether

linkage to glycerol (7) although these structures are now known

to be present in other halophiles albeit in smaller amount (5).

Chemotaxonomic analyses of these kinds further point to 6 or 7

major taxa (probably at genus level) within the *classical'

halobacteria. but indicate that isolates of halococci are very

similar to one another (8). Recently sequence analyses of

ribosomal RNA genes have been consistent with the view that the

archaebacterial halophiles are a diverse group. The implications

for the taxonomy of the group will be discussed.

1*
.7.
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ON THE OCCURRENCE OF DENITRPIICATION IN EXTREMELY HALOPHILIC
BACTERIA

Lawrence I Hocnsteir(a), Rocco L Mancine1ii(a), and Geraldine A
Tomlinson(b)

Planetary Biology Division, Ames Research Center, Moffett Field, CA
94035 (a) and Department of Biology, Santa Clara University, Santa Clara,

CA 95053 (b)

Denitrification takes place under conditions of low oxygen tension
resulting in the conversion of nitrate and nitrite to gaseous products,
principally dinitrogen (I ) Although the process is distributed among a
variety of bacteria genera (2) , evidence for Its occurence In the

Halobacterwaeae, the predominant microorganisms found in hypersa line
enviroments (3), is equivocal. This seems incongruous in view of the low
oxygen concentration characteristic of such enviroments.

During studies of the halobacterial flora present in local salterns, we
suggested that the extreme halophiles, particularly those which use
carbohydrates, could be categorized into 3 groups based on how nitrate
was reduced (4) One of the proposed groups rapidly produced gas from
nitrate, indicating that such organisms might be denitrif iers Javor (5)
reported that most of the extreme halophiles she isolated from widely

separated salterns grew by anaerobic fermentation, although the
possibility that some grew at the expense of nitrate reduction was not
ruled out.

In order to determine if there indeed were extreme halophiles that could
couple anaerobic growth to denitrification, 2 approaches were employed
1 ) we tested several representative extreme halophiles that produced gas
when grown in the presence of nitrate for their ability to couple anaerobic
growth to denitriflcation; 2) we attempted to Isolate denitrifying
halobacteria by anaerobic enrichment In the presence of nitrate. For the
first part, three organisms were tested the Glnzburg strain of H
marismortuw, H va/Ismortis, and H mediterrane/i. The following
observations were made. nn grew anaerobically In the absence of
nitrate and In those cases where "anaerobic growth' was observed In the
absence of nitrate, gas chromatographic analysis revealed the presence of
oxygen, H marismortui produced nitrite, nitrous oxide and dinitrogen
while growing, but resting cells produced only nitrite and nitrous oxide;
H va//ismortis produced considerable quantities of nitrite as well as
nitrous oxide and dinitrogen, although the rates of gas production differed
from those observed in the case of H marismortui. Finally, In the case of
H medtL'vr&?e/ dinitrogen was the principle product with only trace
quantities of nitrite accumulating In the medium.

- %, -
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Denltrifylng extremely haloDhilic bacteria were Isolated from various
salterns following anaerobic enrichment in nitrate-containing complex
medium. The organisms grew anaerobically in the presence of nitrate and
produced copious quantities of gas (6, Tomlinson and Hochstein, mss. in
prep, ). None of the organisms grew fermentatively; all were red
chromogens; they grew over a wide range of salt concentrations ( 1.0 -4.5
M NaCI); and all utilized carbohydrates with the production of acid. Their
growth was inhibited by aphidicolin, an inhibitor of halobacterial, but not
eubacterial growth (7). The pattern of denitrification depended on the
nitrate concentration. Dinitrogen was detected when growth took place in
the presence of low nitrate concentrations (0. 1%). in the presence of high
nitrate concentrations (0.25%), nitrite, nitrous oxide, as well as
dinitrogen were detected. All of the organisms grew on nitrite although
some better than others. In addition some of the strains that grew on
nitrite produced nitric oxide.

The membrane-bound nitrate reductase from one of these organisms.
Halobacterlurn denhtrff/cns (8), reduced nitrate to nitrite when
incubated in the presence of methyl viologen and dithionite. The enzyme
could be stored for at least 2 days in the absence of added NaCJ without
any loss of activity. Beyond that time the experiment was terminated by
bacterial contamination. The enzyme was also most active in the absence
of added salt (NaCi -60 mM). These salt-dependent properties were
similar to those described by Marquez and Brodie (9) for a partially
purified nitrate reductase obtained from an unidentified extreme halophile
isolated from the Great Salt Lake. The nitrite reductase activity from H
otitr/ifica7s was distributed between the cytoplasmic and the membrane
fractions. The assay conditions precluded defining the effect of salt

dconcentration on enzyme activity since the assay was carried out in the

presence of about I M salt (720 mM K~and 300 mM Na*). The product of
nitrite reductase activity and the apparent distribution of this enzyme
depended on the reducing system that was used. In the presence of
phenazine methosulfate and ascorbate, the membrane and cytoplasmic
fractions produced nitric oxide When dithionite (or methyl viologen and
dithionite) were employed, only the membrane fraction was active, and the
only product detected was nitrous oxide.

These results confirm: that several previously described organisms
that produced gas when grown in the presence of nitrate were indeed
denitrflers; that denitrifying extreme halophiles are present in
hypersallne enviroments and eas4ly isolated; that the denitrifying
enzymes from the halobacterla possess certain unexpected salt-dependentproperties which make them interesting objects of study

12
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COL fixaticn in halobacteria

Barbara Javor

Scripps Institution of Oceanography, A-uO0

University of California, San Diego
La Jolla, California 92093

Seven strains of extremely halophilic bacteria fixed CUI

under light and dark conditions. Light enhanced CO, fixation in

some strains but inhibited it in others. 1 CO' assimilation in

semi-starved cells was stimulated by NH 4 * in six of the strains.

Thiosulfate had no effect and sulfide and hydroxylamine were

inhibitory. No RuBP carboxylase activity was detected. In most

strains, pyruvate stimulated and succinate and acetate inhibited

COt fixation in semi-starved cells. The main ' C-labeled -- keto

acid detected after a 2-min incubation with '*CO and pyruvate

was pyruvate, suggesting that the carboxylation was primarily an

exchange reaction with pyruvate. Propionate stimulated %CCO,

incorporation in some strains, but inhibited it in others.

Propionate-stimulated CO2 fixation was sensitive to trimethoprim,

an inhibitor of dihydrofolate reductase. Little or no

.- ketobutyrate was detected among the early products of

propionate-stimulated COL fixation, indicating that this is

probably not a reductive carboxylation (Danon and Caplan, 1977;

Oren and Shilo, 1983). Glycine was the major amino acid

synthesized during a 2-min incubation with NHj4, propionate, and

CO.. Alanine, glutamate, and aspartate were the major amino

acids labeled during incubation with NH 4'q HCOJ-, and

CHjCHLCOOH. Due to problems of separating derivatized amino

acids in a 4.28 M NaC1 solution with radiolabeled propionate, it

is uncertain whether glycine was also labeled during the assays.

- 14 -
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A novel pathway for CU, tixation involving a glyclne synthase

reaction with CO , NH% , and a methyl carbon derived from the

s-carbon cleavage of propionate is tentatively proposed. This

pathway resembles the reverse process of glycine fermentation

described in Peptg9coQ99s g l5cirphils (barker et al., 1948;

Robinson et al., 1973).
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Comparison of Ounaliella strains: Approaches to a Modern Taxonomy.
A. Henry Latorella and Robert D. Simon.
Department of Biology, SUNY-Geneseo, Geneseo, NY 14454, U.S.A.

Because of their ability to accumulate large amounts of potentially
valuable organic compounds, and their ability to grow in saline waters which
are normally of marginal value for agriculture, species of the euryhaline
green alga Dunallella may be useful for the bioconversion of solar energy.
Indeed, "open-pon-dculture of this organism is already taking place on three
continents.

There is little modern information available on the taxonomy of this
group, especially on the physiological and genetic variants available. This
is unfortunate because there may be strains better suited for commercial
production than those currently used. Valuable strains would be those that
produce enhanced amounts of chemicals or that can be genetically manipulated.
The latter is particularly important because successful production of
biological products most often involves a program of strain improvement. In
addition, if advances in biotechnology are to be applied to these eucaryotic
algae, there will be a need to find Dunaliella strains amenable to the
techniques of genetic engineering.

A program of Dunaliella strain comparison aimed at developing a
physiological and genetic taxonomy of the group has been started. Strains
were obtained from several collections as well as directly fr6m groups
working with the organism. Attempts have been made to piece together the
strain histories although, because the current method for storing Dunaliella
is as a growing culture, even strains of identical origin may have diverged
when cultivated for long periods of time in different laboratories. The
following characteristics have been examined:

1. The physiological properties of strains have been studied, including:
salt tolerance ranges; nitrogen requirements; and sensitivity to drugs and
detergents.

2. The electropherograms of total soluble proteins have been examined,
and a program screening isozyme patterns in all strains is currently underway.
This work will allow an analysis of the divergence of the strains identified

as Dunaliella using the techniques of population biology.

3. An analysis of the pigments produced by strains and the amounts of
other cellular isoprenoids is being carried out. The isoprene-based carotenoids
represent one of the major salable products of Ounaliella, and perhaps there are
strains with enhanced production rates or which make other similar compounds of
commercial interest.

4. The strains are being examined to determine whether they might be
useful In developing a genetic system, either using traditional algal genetics
or with the techniques of plant biotechnology.

-16 -
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The Evolution of the Ribosome frou Moderate and Extreme Ralophiles

A.T. Matheson
Department of Biochemistry and Microbiology, University of Victoria

Victoria, British Columbia V8W 2Y2, Canada

Wie have been studying the structure of the ribosomes from the moderate

halophile WRCC 71227 (a eubacterium) and from the extreme halophile Balo-

bacterium cutitrubrum (an archaebacterium). We have also been investigat-

Ing the ribosome structure of a thermophilic methanogen, Methanobacterium

thermosutotrophicum. This bacterium is an archaebacterium that does not

require salt for growth but has an internal K
4 concentration close to 1 M

(1). The ribosomal proteins from this bacterium show properties similar

to those from the moderate halophiles (2).

Although the ribosomes from moderate and extreme halophiles are of

similar size (70S) and contain the same number of ribosomal proteins, the

shape of the atchaebacterial ribosomes are different from that of the

eubacterial riboeomes (3). In addition, the r-proteina from the extreme

halophiles are much more acidic, due mainly to an Increased aspartate

content in their proteins.

We have been studying the comparative structure of two ribosomal

domaina in the halophilic ribosome - the 5S rRNA-protein domain and the

ribosomal 'A' protein domain. The moat extensively studied protein has

been the ribosomal 'A' protein, equivalent to L7/L12 in Eacherichia coil.

The 'A' protein from the moderate halophile ?IRCC 71227 shows a similar

primary structure to other eubacterial 'A' proteins and Is very different

In structure to the 'A' protein from the extreme halophile R. cutirubrum.

* This protein is similar in structure to the 'A' protein from other members

of the archaebacteria (Mb. thersoautotrophicum and Sulfolobus acidocaldar-

-17 -
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us). The archaebacterial 'A' proteins show many features in common with

the equivalent proteins in eukaryotes. Although a re-arrangement of the

protein is required to line up the structural similarities between the

archaebacterial and eubacterial 'A' proteins, the 'A' protein from the

extreme halophile shows a significantly greater structural similarity to

the eubecterial 'A' protein than do the 'A' proteins from the other

archaebacteria.

If the archaebacteria are earlier than the eubacteria in the evolu-

tionary scale it is possible that the 'A' protein from the extreme halo-

phile gave rise to the 'A' proteins in the eubacteria (moderate halo-

philes). The data also suggests that the ancestral cell for the extreme

halophiles may also have given rise to some of the methanogens. Even

though these methanogens do not now require salt for growt' the high level

of internal salt and the physical properties of the ribosomal 'A' protein

suggest these properties may be remnants of the more halophilic ancestral

cell .
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A.Yonath, M.A.Saper, M.Shoham, A.Shevack ' I.Makowaki T.Arad and H.C.Wittmann

Dept. of Structural Chom., Weizmann Inst., Rehovot, and PMPI fdr Molekulare Genetik.

W. Berlin

Ribosome are distinct assemblies of proteins and RXA chains on which protein
biosynthegia occurs in all organisms. The biochemical and physical proprties of
ribcomes are well characterized; however, full funrtional jxhorstandlng required a
detailed molecular modl. With this goal in mind we have grown, in itron. several
three-dimensional crystal forms, an well as two-dimensional sheets of intact ribosomal
particles from ou- and halobacteria. Only active particles crystallize. In all

cases, particles from dissolved crystals are active and contain all of their

constituent proteins. In contrast to the short lifetime of isolated rLbosomi, the
dissolved crystalline particles sediment as intact particles even after several months
of storage. The preservation of ribosome activity in the crystalline state agrees
with the observation that riboscase, in organisms exposed to stressful conditions.
organize into periodic arrays for prolonged storage.

The best crystals are of the large (SOS) ribosomal subunit. -hese particles
consist of more than 30 6ifferent proteins and two RXA chains, with total molecular
weight of about 1.6xlO . The largest crystals are of particles from BW±.UM

I n h (l.Sx0.3x0.2mm). from mutated ribosomal subunits of the sae'
bacteria, in which one protein (Lii) is missing (0.8x0.2x0.1m), and from

_L, Mar Z i. (0.6xO.6xO.lmm).

RIbosome from H ohaearliua mar±sort£j. are of special interest since they are
stable and active at high salt concentrations. Their expected structure should not
only contribute to the understanding of the process of protein biosynthesis, but also
could be used for comparative structural and functional studies. This may provide
insight as to the structural elements which may confer stability in high salt
concentrations and for the understanding of the nature of protein-nucloic acids
interactions at extremely high salt concentrations, a fundamental problem In
mole cular-biology for which little data is currently available. Also. since this is
an archaebacterium, the comparison of the structure of Its ribosome with that of the
ribosome from subacterla may shed light on basic points in evolution.

Because ribosomss from regular sources fall apart at high salt concentrations.
their crystals grow from volatile organic solvents which impose many technical
difficulties. In contrast. ribosomes from a arerui survive and function in high
salt concentrations, thus providing a system for obtaining crystals from salts or
solid precipitants rather than from alcohols. We were able to grow crystals by vapor
diffusion at 19°C from 7% polyothyleneglycol in the presence of 1.2M KCI and 50-150 M
MgCI . It was observed that the Internal order of the crystals is inversely relatd
to d1. rate of their growth. Best results are obtained when the crystals reach their
final size within 2-3 days. Being thin plates, the crystals are rather fragile. and
tend to form multi-layer aggregates. However, their mechanical strength can be
greatly Improved by mild crosslinklng and application of a careful seeding technique
resulted in obtaining reasonable size single crystals. lore sophisticated seeding
techniques are currently being employed in order to further improve and Increase the
crystals.

Using synchrotron radiation, cell dimensions have been determined. Around 0C the
crystals diffract to better than 13A and last in the X-ray beam for several hours
permitting up to 7 exposures from a single crystal. Comp ct packing Is reflected in
X-ray patterns an well as in electron micrographs of thin sectiurs of embedded
crystals.
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PUR:FICATION AND CHA-ACTE7RZATICN F FSBCSOMA.L PRCTEINS

EROM THE 305 SUF2N!2 CE THE EXTREME HALOPHILE

Y-LCACTE1EUM MAY. SMOYIcj:

M. Snohan

:c .- zment of Structural Chem.:"

The Weizc.rn Institute of Science Re-ovct. Israe.

M. Kimura, R. Reinhardt and ;.

Max-Planck-Institut fuer Molekulare Gretis

Abteilung Wittmann

Ihnestr. 63-73

D-O- Z0 Berlin-D hIer,

Riboscomal proteins were extracted fron 30S subinits of

halgbagerolm mar zmt rui under native conditins. A high salt

concentration (3.2 M KC1) was maintained d-ring all fractionation

steps to avoid denaturaticn. The separatrcr was based orn oel

filtration and hydrophobic chromatography. It resulted in eight

proteins purified to homogeneity and characterized by twc-

dimensional gel electrophoresis and N-terminal sequences. Three

of the fractions contained eqjimolar protein complexes. The

largest complex is one of a SC 0CC and a 14,000 dalton protein.

Another contained a i. cccFpey between two proteins, tentatively

- 21 -
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identified as S14 and S18. In the fraction with the smallest

polypeptide there is a dimer composed of two proteins with 11,000

daltons each. The Stokes' radii of the isolated proteins were

measured, and the alpha-helical and beta-sheet contents estimated

from circular dichroism. Proton NMR data indicate unfolding of

the proteins in low salt or in the presence of urea. Protein S5

however, is an exceptionally stable protein, which retains its

secondary structure in a salt concentration as low as 0.1 M NaCl.

and even in 8M urea.

Several of these proteins have been sequenced. The homology to

ribosomal proteins from eubacterla and eucaryotes will be

discussed.
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X-ray Structural Studies on a 2Fe-2S Ferredoxin
from Halobacterla of the Dead Sea

Menachem Shoham- Jerry H. Brown, and Joel L. Sussman

Department of Structural Chemistry
The Weizmann Institute of Science

Rehovot. Israel

There are some bacteria that thrive in the Dead Sea despite its
extremely high salt concentration. Moreover, these bacteria have
intracellular salt concentrations which exceed even that of the outside
environment. In order to help explain the ability of these organisms'
proteins to function at extreme salinity, we are studying a 2Fe-2S
ferredoxin from Halobacteria of the Dead Sea (HDS) by X-ray
crystallographic methods.

This halophilic ferredoxin crystallizes in space group P6 322 with
unit cell dimensions of a = b = 60.4 X and c 

= 
127 9, with one molecule

per asymmetric unit. Phase information has been obtained from anomalous
scattering (ANO) of the irons and from a Single Isomorphous Replacement
(SIR) using a potassium tetracyano platinate derivative. Molecular
replacement has also been successfully employed. Real space rotation
searches of homologous nonhalophilic ferredoxins - S. platensis
(Tsukihara et al., J. Biochem. (1981) 9. 1763-1773) & A. sacrum

(Tsukihara personal communication (1985)) - pivoting around the 2Fe-2S
cluster, yielded a single solution.

Chain tracings and electron density map fittings have been carried
out, using a real time Vector General computer graphics system connected
to a VAX 11/780 computer. Electron density maps based on combined SIR

and calculated phases have proven reliable both In locating misplaced
groups and substantiating correct features in the chain trace. At
present, the molecular model has been refined by CORELS (Sussman et al.
Acts Cryst. (1977) A22, 800-804) to an R-factor of 0.28 for the 6 - 2.8
A data.

The bulk of the protein is rather similar to the structure of the

nonhalophilic S. plstensis ferredoxin. Further away from the iron-
sulfur cluster, however, the two structures are diverging. The highly
acidic N-terminal region, which is absent in nonhalophilic ferredoxins,
appears to form a separate, distinct domain, remote from the active
site.

- 23 -
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SOLUTION STRUCTURE OF HALOPHILIC MALATE DEHYDROGCEASE FROM

SMALL ANGLE NEUTRON AND X-RAY SCATTERING AND

ULTRACENTRIFUGATION MEASURI MMNTS

G. Zaccai, Institut Laue Langevin, Grenoble

E. Wachtel and H. Eisenberg, The Neizmann Institute of Science, Rehovot.

The concentration of salt required to maintain the structure and

function of enzymes from obligate halophiles would totally inhibit the

identical biological function in most other organisms. It is thus of

considerable interest to study the structural features enabling this

adaptation to extreme conditions.

In this work (1), small angle X-ray and neutron scattering experiments

on solutions of malate dehydrogenase from Halobacteriums maris mortui

(abbrev. hMDH) are analysed together with previously obtained X-ray (2) and

hydrodynamic data (3,4) to give a model of the enzyme particle formed by

the protein and its interactions with water and salt in the solvent.

The camplementarity of information derived from the different

experimental techniques is discussed extensively and quantitatively. It

derives essentially from contrast variation because it is the difference in

density (contrast) between the components of a particle and the solvent

that contributes to the information. And since mass density, electron

density, and neutron scattering density, are independent of each other,

different 'views' of the particle are obtained from the experiments.
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In solvents of 1 m to 5 M NaCI hM)H can be approximated by a particle of

invariant volume, consisting of a protein dimer (87000 g mol - I ) with which

are associated 0.85 g of water and 0.35 g of NaCI per gram of protein. The

0
particle has a radius of gyration of 32 A and an equivalent Stokes radius

0 0

of 43 A . The radius of gyration of the protein moiety alone is about 28 A

0
and that of the salt and water component is about 40 A . The partial

specific volume of the protein calculated, without a priori assumptions,

fror the data, is constant at 0.753 ml g-i between 1 M and 4 M NaCI, in

good agreement with the calculated value. The shape of the protein moiety

is similar to the shape of the particle which, at very low resolution, can

be approximated by an ellipsoid of axial ratio 1:1:0.6 or 1:1:1.5. At

slightly higher resolution, it is clear that both the particle and its

protein moiety have an interface with solvent which is significantly larger

than that of an ellipsoid. The model proposed has a protein core similar

to that of non-halophilic malate dehydrogenase from pig's heart, with about

201 of the protein extending out of the core in interaction with the water

and salt cmlponent of the particle.

(1) G. Zaccai, E. Wachtel and H. Eisenberg, J. Mol. Biol., in press.

(2) M.H. Reich, Z. Kam and H. Eisenberg, Biochemistry 21, 5189-5195

(1982).

(3) S. Pundak and H. Eisenberg, Eur. J. Biochem. 118, 463-470 (1981).

(4) S. Pundak, H. Aloni and H. Eisenberg, Eur. J. Biochem. 118, 471-477

(1981).
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Halobacterial Glycoproteins
F. Wieland

Institute for Biochemistry, Genetics and Microbiology, University of Regensburg

Regensburg

Halobacteria incorporate sulfate residues into different proteins.

The sulfate residues are not reduced, but rather incorporated into

glycoconjugates as sulfuric acid esters (1). In vivo studies with
35SO4 2- have revealed a low molecular component, the radioactivity

of which is incorporated into a set of proteins in a molecular weight

range of 26 to 36 KD and into a 200 KD glycoprotein. The 200 KD sul-

fated protein turned out to be identical with the cell surface glyco-

protein of Halobacteria which had been described earlier (2). Struc-

tural analysis consistently changed our knowledge of this cell surface

glycoprotein. Besides neutral disaccharides (Glc, Gal), it contains

two types of sulfated glycoconjuiates: i) one high molecular weight

sulfated chain made up by a repeating building block. (3,4). This

chainresembles the animal glycosaminoglycans, but is synthesized on

and transferred to the core protein "en bloc" from a lipid anchor

and is linked to the protein via Asn-GalNAc (5) . ii) about 10

oligosaccharides containing sulfated glucuronic and iduronic acid,

which are linked to the protein via Asn-Glc (6,7). Both N-glycosidic

linkage units are different from the hitherto unique N-glycosidic

linkage type AsnGlcNAc. Biosynthesis of these glycoconjugates involves

sulfated dolichylmonophosphateoligosaccharides from which the

completely sulfated carbohydrates are transferred to the core protein

(8). This transfer of both types of sulfated carbohydrates to the

cell surface glycoprotein occurs at the surface of the halobacterial

cell.

The sulfated glycoproteins of intermediate molecular weight (26-36 K)

turned out to be constituents of the flagelln of Halobacteria.

They carry the same type of sulfated oligosaccahrides that was found

in the cell surface glycoprotein, dnd also their linkage unit,Asn-,
Glc, turned out to be identical (9). Biosynthesis of these sulfated

* oligosaccharides sled an unexpected new feature: a peripheral glucose

residue of the sulfated dolichol-linked oligosaccharides is transiently

* methylated during biosynthesis of the glycoprotein. No methylated

glucose is found in these glycoconjugates at the protein-linked level

(10). A possible function of this transient methylation of an

oligosaccharide lipid in the biosynthesis of the glycoproteins will

be discussed.
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The effect of lowered Ca*. and MaCI concentration on the call wall of
Halobacterium volcani from the Dead sea.

00Simone Cohen. *Moshe Shilo. and **Mqartin Revel. a*D~ept. of Membrane
and Ultrastructure Research,* Hebrew Univeruity-Hadassabt Medical School.* and
*Division of Microbial end Molecular Ecology. Inst. of Life Sciences,
H~ebrew University of Jerusalem.

Hf. Volcanit isolated from the Dead Sea by Mullakhanbat and Larson (1975)
was claesif led as belonging to the group of halobacteria despite its
moderate NaCI requirement. The bacterium grows optimally at a *alt
concentration of 2.14M1 XaCI and 250mM Mg*. Similarly to other known
halobacteria the call envelope of H. volcani toi comprised solely of the

*cell membranes and a single wall layer of hezagonally arranged cell wall
*glycoprotein subunits as seen by electron microscopy. The presence of

bivalent cations at concentrations of at least 75mM Mg+. or 10mM Ca.. is
Absolutely required in addition to 2. 14M1 HaCI to maintain the natural

*pleomorphic shape of the bacteria. Below the above bivialent cation
concentrations the calls round up. Envelopes obtained by freezing and
thawing of the cells behave similarly and do not show the periodic
structure of the cell wall surface after negative staining with 1% uranyl
aetate. However.* if the envelopes are resuspended in a solution of a
bivalent cation only - as low as 1mM Ca,, or between 10 and 40mM Mg..0 - the

*envelopes do not round up and the surface pattern Is visible.

Envelopes In 2.14M1 NaCI and 250mM Mg++ '*dissolve" when resuspended in
water and leave only small membrane fragments which do not show a periodic
pattern. However.* envelopes first resuspended in 10mK Ca++ solution only.
survive a resuspension in water. If the envelopes are resuspended first in
1mM Ca+* only small fragments with patches of periodic structure remain.

*Further resuspension in water causes dissolution of the envelope.

* The addition of 2.14M1 MaCI to the envelopes resuspended In less than
20mM Ca+. causes the envelopes to round up, generally seal.* and to lose the
periodic structure. When the Ca.. concentration to loe than 1mM the
addition of MaCI does not result In the formation of sealed membranes.

Apparently only a very low concentration of bivalent cations is
necessary to maintain the periodic structure on the cafl envelope of this
bacteria. This feature io common to the the B-layer of many eubacterla.
The prescence of MaCI at a concentration needed for growth counteracts the

*protective effect of the bivalent cation. and increases the minimal
concentration required to maintain the initial1 shape ad the envelope and
the integrity of the cell wall.

Analysis of the high resolution structure of the call envelopes under
*the conditions described above was performed using the SPIDER Image
*Processing System &a designed by Joachim Prank at the Vadsworth Center for
*Laboratories and Research, the New York State Dep. of Health, Albany.

Mullakhanbai. M. Ir. and H. Larsen (197) Arch. MIcrobiol. 104:207-214
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D ielectric Pr2operties of some HalophIlic Bacteria

by Ben-Zion Ginzburg and Hywel Morgan

Plant Elioprysical Laboratory

The Hebrew University of Jerusalem

Dielectric properties of suspensions o+ the halophilic

bacteria H.. rnrismortLi and H. halobium over a frequency

range of 100 Hz to 250 MH: are presented. Based on the

assumption that the membrane is of a low conductivity at low

frequencies typical Maxwell-Wagner dielectric dispersions are

observed. Values for the conductivity and parmittivit' of

the cell 'Interior and cell membrane are presented foi t.-.th

species.

Water sorption isothprms at several temperatures are

also presented for ferrido~xin - an e', ,.me isolated from the

H. marismortui cytoplasm, together with H and S of the

sorbed water as a function of hydration.
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Structure and Function of the Retinal Pigments in Halobacteria

Nb1ther Stoeckenius
Department of Biochemistry and Biophysics

and
Cardiovascular Research Institute

University of California, San Francisco

In their natural habitat halobacteria are exposed not only to high salt

concentrations but also to high light intensities and low 02 concentrations.

They have adapted to this environment in part by using retinal pigments, which

reemble the visual pigments of animals, and function as light sensors and light

energy transducers. The main energy source of the extreme halophiles is

respiration, which generates an electrochemical proton gradient across the cell

membrane. This gradient in turn drives ATP-synthesis, uptake of K
+
, expulsion

2++
of N&+

, 
Ca

2
, and locomotion. The cytoplasma K concentration roughly equals

outside Na+ concentration, and since Na + and K+ are present in molar concentra-

tions, large amounts of energy can be stored in these ion gradients. They can

maintain a membrane potential for a long time in the absence of external energy

sources, and they perform vital functions: the Ne
+ 
gradient for instance drives

uptake of amino acids, the main substrate of respiration. Light also generates

an electrochemical proton gradient mediated by the 25KD retinylidene protein,

bacteriorhodop in (bR), which is present in the cell membrane and functions as a

light-drivon proton pump, using 520 to 620 nm light effectively. A second very

oO similar retinylidee protein, helorhodopein (hR), also functions as a light-

driven ion pump and mediates the uptake of Cl, the main interior anion; its

praumbly respiration-driven counterpart has not been identified.

- The light energy transducers bR and hR are complemented by additional reti-

" rnl pigmnts which are photosensors and allow the clls to find an environment
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where the long wavelength light used by the energy transducers dominates the

spectrum. The best investigated of the siqnal transducers is sensory rhodopain

(sR), which mediates a repellent response to near UV light and an attractant

response to green and red light. A repellent response in the blue region can be

attributed to a separate retinal pigment. These sensory pigments closely resem-

ble the energy transducers in most of their physical and chemical properties,

but are not electroqenic ion pumps; how they transmit signals to the flagellar

motor is not )axwn.

In H. halobium hR is present in lower concentrations than bR and the sen-

sory pigments in still lower concentration, amounting to about 5x1O
3

molecules/oell for &R, 2x10 4 for hR and 2xlO5 for bR for cells when grown under

conditions to maximize the production of hR. In most pigmented halobacteria

isolated from natural environments, the dominant retinal pigment is also bR, but

few wild strains contain it in the high amounts and in the form of crystalline

mebrane patches extensively studied in the laboratory strains of H. halobium,

H. cutirubrum and H. salinarium. In a survey of nearly 50 haloalkaliphilic

strains no bR-like pigment was detected, but in most strains we found pigments

closely resembling hR and the blue light receptor of H. halobium and have

characterized them spectroscopically.

The extensive and diverse use of retinal pigments by extreme halophiles

cannot be explained by their unusual environment, because b and hR can function

at low salt concentrations and very similar sensory re%.nal pigments are

widespread in the animal kingdom. A speculative answer to this problem may be

found in the early evolution of life.
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THE MECHANISM OF ACTIVE CHLORIDE ACCUMULATION IN HALOBACTERIUM
HALOBIUM. Janos K. Lanyi, Department of Physiology and Biophysics,
University of California, Irvine, CA 92717, U.S.A.

Since osmotic balance in halobacteria is maintained by intra-
cellular KCl against an external medium which contains mostly NaC,
growth of these organisms (and therefore enlargement of cytoplasmic
space) depends on the accumulation of potassium and chloride ions
from the medium. It seems likely that potassium is accumulated
passively, driven by the inside negative electrical potential
across the cytoplasmic membrane, but chloride must be taken up by
an active mechanism, i.e. one which will cause chloride flux
against an unfavorable electrochemical potential. Halorhodopsin, a
retinal protein found in the cytoplasmic membrane of halobacteria,
constitutes such an active chloride transport system. Chloride
transport will be driven by this system in right-side-out cell
envelope vesicles suspended in sulfate plus chloride, and the anion
uptake then generates both the expected electrical potential and
inside vs. outside chloride concentration difference (Schobert and
Lanyi, 1982).

Halorhodopsin is a purple-blue pigment of relatively low
molecular weight (25 kD), a retinal protein similar in this respect
to bacteriorhodopsin. Halorhodopsin will bind various anions at
two distinct sites, with small spectroscopic shifts as a conse-
quence. The more specific of these sites binds only chloride and
bromide (and iodide), and upon binding the absorption band shifts
from 565 to 578 nm. Important clues as to the molecular details of
this reversible chloride-binding, and the chloride-translocation
which follows it after absorption of a photon, are furnished by the
observable phbtochemical reactions of the pigment, and their
dependency on chloride. These photoreactions constitute the
"photocycle" of halorhodopsin, which has an overall turn-over time
of about 15 msec. During this time, two relatively long-lived
intermediates are produced from the parent HR(578).Cl: HR(520).Cl
and HR(640). HR(565) produces only HR(640) upon illumination.
These processes have been analyzed a by steady-state model
(Oesterhelt et al, 1985) and a single turn-over model (Lanyi et al,
1985), and the results agree with a proposed scheme (Oesterhelt et
al, 1985) in which HR(520).Cl decays into HR(640) by loss of a
chloride, and HR(640) decays back to HR(565) independently of
chloride concentration. HR(565) is then reconverted into
HR(578).Cl through binding of chloride. Estimation of the rate
constants of several of these reactions was possible, using the
single turn-over model and flash-spectroscopy. From the results it
can be calculated that while the binding of chloride by HR(565) is
with high affinity, the binding of chloride by HR(640) is with very
much reduced affinity. This is most likely a consequence of the
fact that the isomeric configuration of retinal in HR(565) is all-
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trans, but in HR(640) it is 13-cia, as demonstrated by a variety of
methods, including f lash spectroscopy in the near UV (Lanyi, 1984;
Lanyi et al, 1985). In vesicles it is known that HR(565) binds
chloride from the outside medium. Present experimentation is aimed
to discover whether HR(640) binds chloride from the interior space.
If the latter is found, the proposed photocycle and its chloride
dependency contains all the requirements for an active chloride
transport mechanism.
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TRYPTOPHAN IMAGING OF BACTERIO-OPSIN RECONSTITUTED INTO LIPID VESICLES.

*A.M. Keinfeld, +J.D. LeGrange and +S.R. Caplan. 'Harvard Medical School,

Boston, MA 02115 and +Weizmann Institute of Science, Rehovot, Israel.

The spatial distribution of tryptophanyl residues of reconstituted

bacterio-opsin (bO) was determined by resonance energy transfer (RET) from Trp

to the n-(9-anthroyloxy) (AO) fatty acids (2< n <16). Purple membrane was

bleached, retinal was extracted and the solubilized protein was reconstituted 4
into liposomes of egg pho3phatidylcholine by dialysis. Reaction of the

reconstituted bO with n-bromosuccinimide (NBS) was used to assess the Trp

quantum yield heterogeneity. The results indicate that 3 to 4 of the 8 Trp are

only weakly fluorescent. Steady state anisotropy measurements were carried out

on vesicles treated with amounts of NBS sufficient to quench 0, 25, and 75% of

the Trp fluorescence and results from each sample are con3stent with

significant Trp mobility (r(300 na) < 0.20). Energy transfer was measured for

each of eight different AO probes, added to the vesicles at fatty acid to lipid

ratios between 0.5 and 5%. RET efficiencies (T) were determined from the

quenching of Trp fluorescence intensity as well as the sensitized emission of

the AO probes. T values were found to increase almost linearly with probe

position and the increase with concentration was in excellent agreement with

that expected for RET. In all cases the average T values obtained from Trp

quenching were about twice those from sensitized emission, as expected from the

observed Trp quantum yield heterogeneity. A Monte Carlo analysis of the T

values (Kleinfeld, 1985, Biochemistry 24, 1874) indicates that the fluorescent

Trp are distributed deep within the bilayer.

This work was supported by NSF grant PCH-8302687 and was done during the

tenure of an Established Investigatorship (AMK) of the American Heart

Association.
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The Metal Binding Site of Bacteriorhdopsin (bR)

M. Engelhard, K.-D. Kohl and B. Hess

Max-Planck-lnstitut fUr ErnNhrungsphysiologie, Dortmund

Bacteriorhodopsin (BR) the purple pigment of Halobacterium

Halobium converts liqht enerqv into a proton concentration

gradient. The absorption maximum at 568 nm can be shifted to

605 nm by removing specifically bound cations, At least one

divalent cation attached to the protein is a necessary pre-

requisite for the 'unction of bR. M66bauer spectroscopy of a

sample with incorporated 57Fe2+ reveals a low spin binding

site. This binding site was covalently modified with organic

cations and with (Co(NH 3 )5 OH 2 ) 3+. Subsequent analysis of the

labelled peptides enabled us to determine the sequence of

the binding site. EXAFS-studies of a similar preparation re-

vealed a rigid iron attached to the protein with 6 to 8 co-

ordinated oxygens.
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D.J. Kushner, Oepartment of Biology, University of Ottawa, Ottawa, Canada,
KIN 6N 5. 'Studies of active transport as a means of understanding salt
requirements and salt tolerance".

Cells make contact with their external environment through the cytoplas-
mic membrane. In bacteria, this membrane serves as the site of active trans-
port and the closely-linked process of energy production. Na+ ions are
required for active transport in marine, moderately halophilic and extremely
halophilic bacteria. The action of Na+ seems to be mediated through Na+/H+
antiport, and Na+/substrate symport in these organisms (I - 3).

Transport may also be used to study the basis of salt tolerance, which
ts generally less well understood than salt requirement. Higher concentra-

tions of NaCl inhibit w-amino isobutyric acid (AIB) transport by V.
costicola. Cells grown in 1.0 m or higher NaCl ran transport AIB in the
presence of higher NaCI concentrations than those grown in 0.5 M NaCi. Cells
grown in 0.5 4 NaCl and then exposed to 1.0 M ,4aCl can develop a more salt-
tolerant active transport of AIB without growth or protein synthesis.

Two levels of salt-tolerant AIS transport were observed: to 3 M and to
4 N NsCl. Tolerance to 4 M NaCl required both C and 1 sources, was accompa-
nied by increased intracellular solutes, and was lost on exposure of cells to
0.5 N laC1. In contrast, tolerance to 3 M NaCl could develop without C and N
sources, was not accompanied by increased intracellular solutes and was not
lost when cells were suspended in 0.5 4 NaCl (4).

Kinetic studies have shown that high NaCl concentrations do not act on
an All-specific transport system but, rather, on cellular energetics, proba-
bly on the maintenance of an adequate proton motive force. The effects of
adding substances such as betaine, prolirte and glutamate on the development

of salt-tolerant transport will be described. It is known that growing V.
costicola in higher NaCl concentrations leads to increased intracellular
betaine contents (5), changes in membrane lipids (6) and in a specific outer
membrane protein (7). The relation of such changes to increased salt-
tolerant transport will be discussed.
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31P NMR Studies of Dunaliella

Nichal Bental Ami Ben Amotz, XordhRY Avron and Hadassa Degani*

Isotope (*) and Biochemistry (0) Departments

The Weizmann In~stitute of Science

76100 Rehovot, Israel

With the development, in recent years, of high resolution in vivo NMR

spectroscopy, biological research had acquired a powerful tool to probe

noninvasively the internal cellular metabolites and their environment. In

particular, 3P-NMR monitors the cellular phosphate compounds that reflect

the energy profile of the living cell.

We employ in vivo N1O spectroscopy in the study of Dunaliella Salina.

The unicellular photosynthetic algae of the genus Dunaliella are unique in

their ability to grow in a wide range (0.1 - 5.0 M) of salt concentrations.

The main osmoregulatory processes of glycerol synthesis and elimination were

previously studied by 13C- and 
1
H-NMR of intact cells (Degani et al., 1985,

BBA 846, 313-323). In this report, we describe 31P-NMR studies of the intra-

cellular phosphates of D. Salina and their variation with salt concentration

and the concentration of P043 in the growth medium.

During the measurements the cells were kept in the dark under aerobic

conditions. At 4*C their nhosphate spectrum remains constant over at least

6 hours. When the cells are cultured under optimal growth conditions (I M

NaCl, 0.2 mM PC4
3
), the following prominent resonances appear in the 

3 1
P-NMR

4
spectrum (Fig. 1A): (1) phosphomonoesters (PHE), including glycerol phosphate

and other sugar phosphates- (2) inorganic phosphate in the growthmedium (Pi ex);

(3) intracellular inorganic phosphate (Pi nt); (4) an unidentified peak (x);

two large signals oftripolyphosphate (PPP) - one due to the two terminal

phosphate groups and the other, at a higher field, due to the middle phosphate;

(6) ATP signals due to a- and O-ATP. The y-ATP is masked by the large PPP signal;

(7) a signal due to medium (4-10 atoms) polyphosphate chains (Poly F). The

spectrum of cells kept under unaerobic conditions at 37*C for several hours

becomes dominated by very intense, broad peaks of Pi and polyphosphate chains.

The appearance of these signals under stress conditions reflects the presence of

high concentrations of NHR invisible phosphate in the living cells. This

phosphate is probably stored as Insoluble, long chain polyphosphaste deposits.
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Studies of cells grown at three different PO 3 concentrations (0.05, 0.2
and 1 mM) showed that in excess PO 4 (1 M) the spectrum remains similar to

that obtained from cells grown at optimal (0.2 mM) PO4 3 concentration (Fig. 1A).

However, in cells cultured under phosphate limited conditions (0.05 mM) a large

increase in the intracellular Pi and a complete disappearance of the tripoly-

phosphate signals were observed.

Comparison of 31p spectra of cells grown at four different NaCl concentrations

(0.5, 1.0, 2.0 and 4.0 H) showed that the composition and amount of phosphate

metabolites in cells grown at 0.5 M and 1.0 M NaC1 is similar (Fig. IA). However,

under high salt concentration - 2 M or 4 M NaC1, a change occurs in the amount

of tripolyphosphate which decreases to a non-detectable level (Fig. 1B). This

absence of tripolyphosphate occurs also when the high salt medium contains

excess PO4  (1 1M).

A major finding of this study is the detection of the presence of tripoly-

phosphates in D. Salina under optimal growth conditions. Furthermore, the results

suggest that phosphate metabolism, and in particular that of the. tripolyphosphates,

is regulated by both the osmotic conditions and phosphate availability. These

regulatory processes in the cells are currently under investigation.
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* Fig. 1. 121.5 Hz 31P-NMR spectra of Dunaliella Salina under aerobic conditions
-3

at 4C. Algae were grown in medium containing 0.2 mM PO4  1 M NaCI (A)
-3or 0.2 mM PO4 and 2 M NaCI (B).
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Halobacterial motion and taxis

D. Oesterhelt, M. Alam and W. Marwan

Max-Planck-Institut fUr Biochemie, D-8033 Martinsried

Halobacteria and square bacteria have right-handed helical

flagella which consist of bundles of several filaments

(1,2). Clockwise and counterclockwise rotations can be

observed by dark field microscopy and cause forward and

backward swimming of the cells. When the sense of rotation

changes the flagellar bundle does not fly apart as in

E.coli. Cell cultures, especially those of mutant strain

M-175 produce during the stationary phase the so-called

super flagella which are aggregates of loose flagella and

are usually 10 to 20 times longer than the cell body. The

constituting flagellins have apparent molecular weights of

about 23,000, 26,000 and 31,000 Da and are glycoproteins

carrying the same sulfated oligosaccharide moieties as the

cell surface glycoprotein of halobacteria (3). They can be

purified by in vitro dissociation and reconstitution of

flagellar filaments which, depending on the conditions of

pH, temperature and ionic 'strength, show polymorphic

transition between normal, curly, straight and ring forms.

Analysis of spontaneous reversals of the swimming cell

reveals a difference to the behaviour of E.coli. It leads to

a kinetic model of the switching process in the halo-

bacterial flagellar motor. The signal transduction chain in

- 40 -
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the cell regulating the switch in the motor was studied with

the help of two blue light receptors, sensory rhodopsin and

system P4 70. Flash and double flash experiments demonstrate

that the minimal response time, even under light saturation,

is about 1 sec and that signal formation occurs in the dark

involving one catalytic step. By production of giant cells

and micro beam stimuli it could he shown that the signal is

not transmitted via a membrane bound process and that the

radius of light action is limited to about 3 um around the

flagella. In addition, no coordination of different flagella

is observed in the photophobic response of giant cells

excluding a long range action of the signal itself.
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PHOTAXIS IN HAtDBACrERItM HAMBUNM. E.K. Wolff, R.A. Bogasolni, B. Hess, W. Stoeck-

enius: Pbx-Planck Institute, Dortmund, W. Germany and Dept. of Biochemistry and Biophysics,

University of CWifornia, San Francisco, CA 94143.

R. halobitu is attracted by long wavelength and repelled by short wavelength light. Sensory

rhodopsin (d) has been identified as a receptor for both responses. Absorption of light in its

587ra absorption band leads to the attractant response and also generates a photointermediate

absorbing at 373tm (S 3 7 3 ). When this is photoconverted back to aR%7' a repellent response

results. e have used a light microscope to record the responses. A suspension of cells is

illuminated through a dark-field condensor with ),750rm light, which is not perceived by the cells.

Shorter wavelength background light can be added. Through the objective lens, a 150um spot of

light, which can be varied in wavelength and intensity, is projected into the center of the field

and the )75Om light scattered from the cells in this spot is monitored by a photcmIultiplier (PM).

The PM current is proportional to the number of cells in the spot and its initial rate of change

when the light intensity and/or wavelength in the measuring spot are changed, measures the reac-

tivity of the cells. The resulting action spectra show a broad peak between 56Onm and 620,m with

or two subsidiary maxima for the attractant response and an even broader peak in the blue and

ner E[V for the repellent response. The spectral width of this repellent response and the point

of crossover from attractant to repellent response depends on wavelength and intensity of back-

ground light and the cell strain used as wll as growth conditions. Without hckground light, the

lcrossover usaly occurs betwmen 460 and 480nm and for a mutant lacking the major carotenoids, at

535m but even higher crossover points can be obtained under different growth conditions. Such

calls dw a negligible long wavelength attractant response and a strong repellent response to

blue light, which does not require a long wavelength background. These observations are incomps-

tible with aft and S373 as the only photoreceptors and suggests a second repellent receptor

absorbing near 480wm, which we have also detected spctroscopically. Its photoreaction cycle has

a hliftiam alightly shorter then that of aR and its longest-living photoproduct has an absorption

m mxim at sorter wavelength then S3 7 3 .
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ABSTRACT

NaC] Stimulated Physiological Changs in Salt Tolerant

Bacteria

Russell H. Vreeland

Recently developed lines of evidence indicate that salt tolerant

(euryhaline) bacteria have the ability to physiologically adapt to different

NaCl concentrations. Electron microscopic studies have shown that the

cell walls of Halomonas elongata are relatively loose and unstable following
low salt growth but in high salts the walls are extremely tight and stable.

Analyses of the phospholipid content of H. elongata and fatty acid

compositions of twelve different eur.haline organisms show that the
organisms responses to NaCi are remarkably similar. H. elongata and

several other bacteria appear to contain more negatively charged

phospholipids following high salt growth. In addition analyses of the

fatty acid composition of these bacteria show that the organisms produce

significantly more unsaturated and cyclopropanoic fatty acids in high

salts than they do in low salts. Differences between the protein profiles

of low and high salt grown cells have also been demonstrated. These

physiological changes as well as others currently under study indicate
that the mechanism of salt tolerance in euryhaline bacteria is very complex

and involves more than just cstablishing simple osmotic equilibrium with

compatible solutes. The evidence collected to date on these organisms
indicates that much of their adaptation involves extensive cell wall

changes. Thest changes provide an excellent model for studies on cell

wall dynamics and the function of the wall in relation to the salt tolerance

of an organism.
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The Role of Honovalent Cations in the Regulation of Respiration

of a Halotolerant Microorganism

Shifra Ken Dror and Y. Avi-Dor

Department of Biology, TECHNION-Israel Institute of Technology

Haifa 32000, Israel

In the halotolerant bacterium, Bal, monovalent cations

display a profound effect on the rate of respiration. K+  and

Na +  ions stimulated oxygen uptake in the acid and in the

alkaline pH-range respectively. Simultaneous presence of both

cations maintained a high and constant respiratory rate

throughout the whole pH-range investigated (pH 6.5-8.5). K+ and

Na was found to be involved in Ba l. like in some other

microorganisms (1, 2, 3), in the generation of cross-membranal

proton cycles. The latter may contribute to the

regulation of the intracellular pH. Indeed, the K+-dependent

rise in oxygen uptake at low pH was shown to be accompanied by

intracellular alkalinisation when the Na+-linked substrate,

ethanol, was the electron donor. Uncouplers or inhibitors of

energy transfer suppressed the effect of K+ on respiration, as

well as on the Intracellular pH. Thus, apparently, some step

*'. connected with the above effects required ATP. K+ in Bal, has

no direct effect on the respiratory chain since the oxidation

of NADH by inverted vesicles derived from cells of Ba 1 was not

accelerated. The stimulatory effect of Na 1  on ethanol
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oxidation, in contrast to that of +, was insensitive to

uncouplers and to inhibitors of energy transfer. Moreover, Na+

also stimulated NADH oxidation catalysed by inverted membrane

vesicles. Thus, Na must act directly on some component in the

respiratory chain.

Spectrophotometric and electron spin resonance techniques

revealed that Na+ stimulated the ubiquinone reduction/oxidation

step by facilitating the transfer of the second electron to the

quinone. Na+ -dependent stimulation of the NADH-quinone oxidase,

due to acceleration of the conversion of the quinone radical

to hydroquinone has formerly been reported to occur in the

marine microorganism, Vibrio alqinolyticus (4, 5). Ba 1  (6),

like the Vibrio (7) is able to extrude Na against an

electrochemical gradient with the aid of a respiration-linked,

uncoupler insensitive primary Na+ pump. The site of the

stimulation of the respiration probably corresponds in both

microorganisms to the site of the Na+ translocation. In

summary, we suggest that control of the intracellular pH is the

major factor in the regulatory function of K+-ions on the

respiratory activity of Bal. In the case of Na+, in addition to

the control of the intracellular pH, a direct stimulatory

effect on electron transport must be taken into consideration,

i.e. release of the kinetic control In the NADH-quinone oxido-

reductase segment of the respiratory chain.
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M. Kogut & NJ. Russell Department of Biochemistry, University College
Cardiff, S. Wales, U.K.

Title: Phenotypic adaptation of a moderate halophile to altered salinity
and osmotic stress - the role of phospholipids

Our studies are concerned with the way In which halophIlic bacteria
sense and respond to changes in salinity. We have reasoned that the
sensing/effector systems might exist in the cell envelope of Sram-negative
bacteria (Russell & Kogut, 1985). it was known already that moderate
halophiles and halotolerant bacteria contain a greater proportion of
negatively Charged phospholipids in their membranes when they are grown at
higher salt concentrations; we showed that this was true of the moderate
halophile Vibrio costicola in which the major change is a relative increase
in phosphatldylglycerol compared with phosphatidylethanolamine (Hanna et
al., 1984).

We found that following a sudden Increase (shift-up) in salt
concentration from IM to 3M. there is a lag in growth and protein synthesis
followed by gradual adoption of the new growth rate appropriateto the new
salt concentration. During this lag period the ratio of neutral to
negatively charged phospholipids also changes to that characteristic for
the higher salt concentration (Kogut & Russell, 1984). This change in
phospholipid composition is brought about by alterations in the rates of
phosphollpid synthesis rather than degradation (Russell et al., 1985).

Because the phospholipid changes appeared to be an "ntegral part of
haloadaptatlon we have studied this phenomenon as a means of determining
more about the sensing/effector system. In a series of shift-up
experiments in which the size of the shift (2- or 3-fold increase in NaC1
concentration) and the final concentration were varied, we found that It is
the magnitude of change In external solute concentration that governs the
adaptive lag and the extent of change In phospholipid synthesis, whilst the
final salt concentration also has some influence, especially on the growth
rate. This suggested to us that there might be an osmotic component
operating. We have confirmed this by carrying out shift-up experiments In
which medium osmolarity was raised with sucrose or glycerol. In the
experiments where osmolarity was increased by addition of sucrose the
phospholipid changes were very similar to those where osmolarity was
increased by NaCl. However, this was not the case when the osmolarity was
raised by addition of glycerol. The cultures adapted much more readily to
growth in glycerol and the pattern of phospholipid synthesis was different:
the rate of phosphatidylethanolamine synthesis remained higher than that of
phosphatidylglycerol throughout. It is not possible to substitute all
salt with uncharged solute and we are investigating the ionic dependence of
the adaptive response.

Phospholipid biosynthetic enzymes are membrane bound, and we are
investigating their regulation by salt and non-ionic solutes, to determine
which enzymes are involved in haloadaptation.

Russell, N.J. & loeut, X. 19851 "The Cell Divelope in Haloadaptation rnd Splt
sensing by Moderately Halophilic Bacteria". )alcrobiological Sciences,
in press.

Kotut, M. & Russell, N.J. 1984% "The Crowth andPhospholiDid composition of r.
moderately Halophilic Bacterium during Adaptation to Chenges in S linity.
Current Nicrobiology, 10, 95-98.

Russell, N.J., Xogut, M. & XateE, M. 1985, 'Phoapholipid Biosyntbesis in the
moderately Halophilic Bacterium Vibrio costicola during Adpptation
to changing Slt ConcentrPtions. J. gen. Microbiolofy, 131, 781-789.
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Abstract: Mechanism of Halotolerance in Dunaliella: Determination of glycerol and

inorganic ion content. Ami BEN-AMOTZ, Department of Biochemistry, The

Weizmann Institute of Science, Rehovot, Israel.

The unicellular flagellate Dunaliella has the remarkable capacity to grow in

media ranging in NaCl concentration from about 0.1M up to SM. The major means of

osmoregulation of Dunaliella is by production of intracellular glycerol at concen-

trations which are proportional to the extracellular NaCI concentration. However, due

to the considerable disagreement as to the contribution of inorganic ions to the

internal osmotic pressure, we used new methods to determine the cellular volume and

the ionic content of Dunaliella. The results showed that the intracellular ionic

concentration of algae cultured at I-4M NaC1 is 20-l00m4 Na*, 150-300m1 K, 20-50mM

Mg*, I-3mM Ca** and 500-1000mM P04  •

The results suggest that Dunaliella accumulates K+ and P04 "" and eliminates

Na* by cellular metabolic control. The contribution of total inorganic ions to the
internal osmotic pressure of Dunaliella is low the cells maintain isoosmotic intra-

cellular concentration by producing and accumulating glycerol.

Ben-Amotz, A. and M. Avron. 1983. Ann. Rev. Microbiol. 37: 95-119.

Katz, A. and 4. Avron. 198S. Plant Physiol. 78: 817-820.

Pick, U., L. Karni and 4. Avron. submitted.
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Evidence for the metabolic control of Na+ and Cl in Dunaliella grown

at constant salinity.

Margaret Ginzburg and Ben-Zion Ginzburg

Plant Biophysical Laboratory, The Hebrew University of Jerusalem.

The green unicellular alga Dunaliella is to be found in most saline

and hypersaline waters in the temperate zones of the world. Cells of this

genus are characterized by the ability to adapt rapidly to changes in salin-

ity. Among the adaptations enabling the cells to withstand salt are a high

intracellular glycerol content and powerful ion pumps controlling the cell

concentrations of Na+ and Cl-. These latter are the subject of this paper.

The concentrations of Na+ and Cl- within Dunaliella cells are approx-

imately one-third of the concentrations in the surrounding medium (Ginzburg

and Ginzburg 1985a and b). There is increasing evidence to show that cell

Na+ and Cl" are not distributed evenly throughout the cell. Instead, 30%

of the cell volume contains the ions at concentrations close to those out-

side and can easily be washed free of salt, while the bulk of the cell

volume (.70% of the total) contains Na and Cl at concentrations of around

135 mM (outside concentration 1500 mM) when the cells are illuminated

(Ginzburg and Richman, 1985). In the dark the inside and outside concen-

trations become equalised (Ginzburg and Ginzburg, to be published). A

qualitatively similar picture of cells in the light has been obtained by

X-ray microprobe (Hajibagheri and Gilmour, to be published). When cells

are illuminated after a period in the dark, they lose Na+ and Cl, pro-

vided that the-medium contain inorganic phosphate and K

- 49 -
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Ginzburg 4 Ginzburg 2

The above experiments have been performed on Dunaliella species

belonging to the two major forms of the genus, D. parva 19/9 (small green

cells) and D. salina (large cells with high carotene content). Experi-

ments with D. salina were performed in media containing 3 M NaC1; on

illumination, the overall Na* and Cl- concentrations fell by nearly 2 M

in the space of 2 hours.

Loss of glycerol at night has been demonstrated by Avron & Ben-Amotz

(1978).

The results point to a diurnal shift in solute content of Dunaliella

+
cells: gain of Na and C1 with loss of glycerol at night; the reverse

effects during the day. Glycerol is a product of photosynthesis. The

energy needed to bring about loss of Na and Cl- is very likely derived

from the breakdown of ATP formed during photosynthesis.
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Genome and Gene Structures in Halobacteria

K. Ebert, W. Goebel, C. Hanke, A. Moritz, U. Rdest end B. Surek

Institut fur Genetik und Mikrobiologie, Universitat Wbrzburg,

8700 Wbrzburg, W.-Germany

The genome of Halobacterium halobium can be separated into two

fractions according to the G+C content. Fraction I (FI) which

represents 70 - 90 % of the total DNA contains 68 % G+C while fraction

II (FII) is A+T richer (58 % G+C) and comprises 11 - 30 % of the total

DNA. Extrachromosomally, one plasmid (pHH1) (160 kb in size) is present

in several copies containing 58 % G+C, thus being part of FII. It

carries most known halobacterial insertion elements (ISH) which are at

least in part responsible for the high genetic variability of H.

halobium. A collection of heterogeneous cccDNA molecules which may

derive from chromosomal sequences, mostly from FII (Minor Circular DNA,

MCD) are found in H. halobium and other halobacteria.

DNAs from a number of new rod-shaped, purple-membrane forming isolates

share high homology and show an identical G+C content of 68 % in Fl,

but their FII DNA varies from strain to strain in G+C content and

quantity. These strains lack pHH1 and differ in their plasmids. Those

strains which do not carry pHH1 sequences are genetically more stable

than those harbouring pHH1 or pHHl-related plasmids.

Despite the considerable genetic divergence in rod-shaped and square

bacteria, there are also DNA sequences in common. Among those we

characterized more closely the insertion element ISH26 and the gene for

7S RNA.
- 51 -
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ISH26 exists in two modifications. One is 1500 bp in size and flanked

by 16 bp inverted repeats. The second is enlarged by 206 bp following

the 15 bp sequence. A stretch of 78 bp of the core region is directly

repeated in the additional 206 bp sequen j and another 16 bp sequence

flanks this composite IS element.

All halobacteria synthesize an abundant non-ribosomal stable RNA of

about 7S. In all rod-shaped halobacteria tested this RNA is 304

nucleotides in length. In square and pleomorphic bacteria, 7S RNA is

enlarged by 30 nucleotides. In H. halobium the gene encoding 7S RNA is

colinear with the 7S RNA and shows in the 3'flanking region two G+C

rich stem and loop structures and sequence homology in the

corresponding region of the 5S RNA gene. The 7S RNA has a largely

double stranded structure reminiscent of the mammalian 7SL RNA.

Some halobacteria harbour a small plasmid of 1.7 kb, present in appr.

1000 copies per cell. The mini plasmid contains single restriction

sites for HindIII and SalI and may thus be useful vectors for gene

cloning in halobacteria. A shuttle vector for E. coli and halobacteris

was constructed which consists of p8R322, the CAT gene of E. coli and

in front of CAT the promoter region of the 7S RNA gene. This construct

is presently tested in transformation experiments.
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TRANSFER RNA GENE STRUCTURE AND TRANSCRIPT PROCESSING IN THE ARCHAEBACTERIUM
Halobacterlum volcanli

C.J. DANIELS

Dept. Microbiology, The Ohio State University, Columbus, Ohio 43210, USA

ABSTRACT

In studies aimed at elucidating the structure and controls for gene
expression in the arcnaebacterla we have cloned and sequenced six tRNA genes
from the halophilic strain Halobacterium volcanii; tRNACY s , tRNALYs, tRNASer,
tRNAVal, initiator tRNAMet and tRNArp ( neof these genes, tRNATrp,
was found to have a 105 bp intron located at the second base 3' to the
anticodon. Evidence that this sequence represents a functional gene in this
organism consists of the observations that (1) the predicted exon sequences
are identical to that of the tRNATrP RNA sequence; (ii) both the exon and
intron sequences are present once in the genome and (Iii) these cells contain
detectable amounts of a 180 nucleotide, intron-containing precursor
transcript and a 105 nucleotlde excised intron fragment. We have also
observed that both exon and intron sequences are highly conserved among all
members of the halobacteria examined. Initial characterization of the RNA
processing mechanism in the halophiles was examined in vitro using a
substrate generated from the phage T7 polymerase tran-c-ription system.
Extracts from H. volcanii produced two major products with this substrate;
one at 105 nucTeotldes corresponding in size to the excised intron and a more
stable 76 nucleotide species corresponding In size to the mature tRNA. In
contrast to the geast tRNA processing systm, this reaction did not require
ATP and was not capable of incorporating £PO4 from y (32p] ATP into the
tRNA-sized product. Comparisons of the 5' flanking sequences of these genes
has revealed the presence of four highly conserved sequence blocks which may
function as transcriptional control signals. The possibility that those
sequences have a role in the expression of small RNAs is strengthened by the
observation that these four blocks, in the same relative positions, are also
present in the 5' flanking region of the H. halobium 7S RNA gene (3).

1. Daniels, C.J., Hofman, J.D., MacWilliams, J.G., Doolittle, W.F., Woese.
C.R., Leuhrsen, K.R. and Fox G.E. 1985. Mol Gen. Genet. 198:270-274

2. Daniels, C.J., Gupta, R. and Doolittle, W.F. 1985. J. Biol. Chem.
260:3132-3134

3. Mortiz, A., Bankat-Battgereit, B., Gross, H.J. and Goebel, W. 1985.
Nucleic Acids Res. 13:31-43.
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Genetic Transfer in

Hal bacterium volcanii

Moshe Mevarech, Ilan l~senshein, Ruth Werczberger, Tal Zusman

Department of Microbiology, George S. Wise Faculty of Life Sciences,

Tel-Aviv University, Tel-Aviv.

In an attempt to develop a genetic system for the extreme halophilic

bacterium H. volcanii auxotrophic mutants as well as mutants resistant to

various antibiotics were isolated. The auxotrophic mutants were induced,

while sane of the antibiotic resistant mutants occur spontaneously at a

frequency of 10 - 9 .

We were able to show that mutants grown as a mixed culture on a solid

support transfer genetic markers. The frequency of recovery of

prototrophic recombinants is 10 - 6 . The transfer is insensitf Ve to M~ase

and requires the presence of the two parental strains in a viable state,

thus, the transfer reseubles conjugation more than transformation.

Polarity in this genetic transfer had not been established, since no

distinction could be observed between donors and recipients.

Currently, we are adapting various approaches towards the understanding

of the mechanism of the transfer as well as the applicability of the

transfer as a mean for genetic mapping. Mltiply marked strains are being

," constructed in an effort to study the kinetics and the polarity of the

transfer. In addition, the stability of the recombinants and their state

* of ploidy is studied.
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ABSTRACT

Transfer RNAs of Halobacterium volcanii

Ramesh Gupta

Department of Medical Biochemistry, and

Department of Chemistry and Biochemistry

Southern Illinois University

Carbondale, IL 62901, U.S.A.

The extreme halophilic bacteria belong to the kingdom -

Archaebacteria, which is distinct from the other two kingdoms -

Eubacteria and Eukaryotes. The transfer RNAs (tRNAs) of several

eubacteria and eukaryotes have been sequenced which show that certain

features of the tRNAs are specific to one or the other kingdom. To

" determine whether archaebacterlal tRNAs are similar to the eubacterial

or to the eukaryotLc tRNAs, or are unique, a set of tRNAs from an

extreme halophilic bacterium have been characterized. A total of 4l1

tRNAs of Hilobacterium volcanil have been identified and sequenced by a

combination of methods. This set includes at least one tRNA for each of

the 20 amino acids. These are five tRNAs for Leu, four for Oly, three

each for Ala, Arg, Pro, and Ser, two each for Glu, Ile. Lys, Met

(initiator and non-initiator). Thr, and Val, and one each for the

remaining eight amino acids. In principle, these tRNAs can cover at

least 55 codons out of the possible 61 codons for the 20 amino acids.

This set of archaebacterial tRNA sequences can be compared with nearly

complete sets of tRNA sequences of eubacteria and eukaryotes

(Escherichia coli, yeasts, and mammals). The H. volcanil tRNAs lack the

modified residues - ribothymidine, 7-methylguanosine and dihydrouridine,

which are present in nearly all of the eubacterial and the eukaryotic

tRNAs. A unique modification, 1-methylpseudouridine Is present In H.

volcanil tRNAs. It replaces ribothymidine of the other tRNAs. H.

volcanll tRNAs, though follow general tRNA patterns in terms of both the

sequences and the modification patterns, they are similar to tRNAs of

eubacteria in some respects, to those of eukaryotes in others, while in

yet other ways they are quite distinct. As in the eukaryotes only Leu

' - 55-
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and Ser tRNAs are class II (having large extra arm). The initiator tRNA

is unique in having a 5'-triphoephorylated end, and has certain features

which are similar to those of the other archaebacterial initiators, but

are distinot from the Initiators of the eubacteria and the eukaryotes.

Some of the speolal features ot H. volcanil tRNAs may be archaebacterial

characteristios$,wh6W others May be due to the very high internal salt

concentration of the extreme halophiles.
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ORGANIZATION OF THE HALOBACTERIUN HALOBIUN GENOME

Felicitas Pfeifer

Max-Planck-Institut fur Biochemie, 8033 Martinsried,

Federal Republic of Germany

The genome of Halobacterium halobium NRC817 can be fractionated into

two DNA components of different guanosine plus cytosine (G+C) content.

The major DNA fraction (FI) comprises 70% of total DNA and contains ne

more G+C rich chromosomal sequences (68 mol%). DNA sequences of signifi-

cantly lower G+C content (58 mol%) constitute fraction FYI. Heterogeneous

collections of cccDNA as well as some chromosomal DNA sequences are found

in this latter fraction.

FII DNA of H. halobium exhibits an unusually high structural variability.

Multiple copies of various insertion elements (ISHI, ISH2, ISH23, ISH24,

ISH26, ISH27 and ISH28) are found predominantly in this DNA fraction. The

three FII DNA components pHHI, minor cccDNA and chromosomal FlY DNA islands

have been investigated in more detail.

(i) A 160 kb DNA fragment of the H. halobium chromosome containing 70 kb

of Fl1 DNA could be analysed by a "chromosome walk" using the FYI DNA

copy of the insertion element ISHI as a starting point. Copies of

several insertion elements (ISHI, ISH2, ISH26 and ISH27) as well as at

least 10 other repeated sequences are clustered in the 70 kb "island"

of FII DNA. The flanking F1 DNA sequences contain a larger portion of

unique sequences. The 70 kb FII DNA island is not present in the genome

of purple membrane producing independent isolates GNIOI, GRA, YC81819-9

and SB3.

(2) pHH1, the main 150 kb species of cccDNA in H. halobium NRC817 is present

in 6-8 copies per genome. The high structural variability of pHHI in

various phenotypic mutants is due to insertions, deletions and rearrange-

ments. The four independent isolates mentioned above contain no sequences

homologous to pHH1. cccDNAs of these strains remain unaltered in pheno-

typic mutants.

(3) In addition to pHH1, cccDNA of H. halobium NRC817 contains species of

very low copy numbers ("minor cccDNA"). Size determinations indicate

that in wild type these cccDNA species range in size from 60 kb to

180 kb. Some phenotypic mutants contain minor cccDNA species of smaller
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Sizes (10 kb - 30 kb). Several of these sequences could be cloned
and characterized in more detail. S83, GNIOI and YC81819-9 contain
minor cccDNAs homologous to ft. halobluw sequences.

* The occurrence of !. halobim minor cccDNA sequences In all independent
isolates contrasts with the absence of pHH1 and the 70 kb FII DNA island.
Thus, the latter two F1I DNA components cambe regarded as characteristic

genomic component of 4. halobium whereas sequences present in minor cccDNA
are more conserved among purple membrane producing halobacteria.

= Only a few copies of Ui. halobium insertion elements are present in these
* independent isolates. The lack of high frequency genomic rearrangements
*in these strains Indicates that the structural dynamics of the 'H. haloblum

genome is not a characteristic feature of halobacteria but confined to
certain strains.

References:

Pfeifer, F, Weldinger, G. Goebel, W. (1981) J. Bact. 145.369-381
Pfeifer. F, Betlach, M, Martienssen, R, Friedman, J, Bayer, HW. (1983)

Hol. Gen. Genet. 191. 182-188
Ebert, K, Goebel, W., Pfeifer, F. (1984) 14o1. Gen. G3enet. 194, 91-97
Pfeifer, F, Betlach, M. (1985) Hal. Gen. Genet. 198, 449-455
Pfeifer, F, Boyer. HWd, Betlach. M. (1985) J. Bact. 164, 414-420

-58-



Molecular Characterisation of a Milti-Copy Plasmid

Isolated from a Halcphilic Bacteria LPR3 S.

R. Sanihez-Lpez, I. Hofman-Kurn and B. Jarry,

Laboratoire de C tique Molouzlaire des Eucaryot

MRS, 67085 Strasbourg, France

LPR3 SP is a gram-negtive bacteria Qi'kch can grow in a wic range of

salt cctratlns (5 to 25 % NaC). In order to study, at genetic level,

the nmehaniss of salt adaptation we have analyzed the mmbrane and soluble

I proteins synthsized in various growth conitions, We have also isolated a

smal1 4,1 Kb long multi-copy plasmid. Molecular characterization of t

plasnid has been performed by cloning in E. Coli. Sunprisingly several

regions of the 1lanid ENA can be efficiently transcribed and translated in

the leterologous st. Evidence will be prsented tat at least one of

these genes is also active in SPR3 SP. Sequence analysis of the prmtor

region will be described and compared with E. Coli transcription signals.

"his analysis opes the way to the preparation of a duttle vector

replicating in E. Coli and LPR3 SP and therefore to the genetic analysis of

salt adatation of this halokhlic bacteria.
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GENETIC REGULATION OF BACTERIO-OPSIN SYNTHESIS IN HALOBACTERIUM HALOBIUM

Mary Betlach, Diane Leong, and Herbert Boyer. Department of
Biochemistry and Biophysics, University of California, San Francisco,
California 94143-0554.

We are investigating regulation of the gene encoding bacterio-opsin
(bo) which is the protein moiety of bacteriorhodopsin, a light
activated proton pump found in the purple membrane of H. halobium. On
limitation of the oxygen concentration, bacteriorhodopsin levels in the
cell increase up to five fold (Sumper et al., 1976. FEBS Lett. 69,
149-152). The bacterio-opsin gene has been cloned and characterized
(Dunn et al., 1981, Proc. Nat. Acad. Sci. 78, 6744-6748; DasSarma et
al., 1984, Proc. Nat. Acad Sci. 81, 125-129). A second gene (brp)
affectinv bacterio-opsin synthesis is the site of insertions resulting
in a Bop phenotype. This gene is located 526 bp upstream of the bop
gene and is transcribed in the opposite direction (Betlach, et al.,
1984, Nulceic Acids Res. 12, 7949-7959). Significant homology between
120 bp regions upstream of the transcription initiation sites of bo and
brp genes could be indicative of shared promoter and/or regulatory
signals. Comparison of bo and r transcripts in brp gene inactivated
Sop mutants suggest some degree of regulation of the bo gene at the
transcriptional level. The possibility of transcriptional regulation is
also supported by current studies in which there are significant
increases in mRNA levels in wild type cells grown under conditions of
low oxygen tension. A secondary structural prediction of the putative
brp protein reveals 6-7 hydrophobic a helices of sufficient length to
span the membrane (Betlach et al., 1984). Synthetic peptides
extrapolated from the LM gene DNA sequence have been used as antigens
for the generation of antisera. These antisera are being used to
identify and isolate the putative brprotein in order to determine its
role in b gene expression.
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Gene expression of Halobacterium halobium phage OH!

Felix Gropp and Wolfram Zillig

Max-Planck-lnstitut for Biochemie, 8033 Martinsried bei Munchen,

Federal Republic of Germany

In eubacteria, phages have served as instructive models for studying gene

expression. Among archaebacterial viruses the temperate bacteriophage OH

of Halobacterium halobium is one of the most extensively studied on the

molecular level. Its 59 kb double-stranded DNA genome is terminally re-

dundant and partially circularly permuted due to a headful packaging

mechanism. The prophage genome is a covalently closed circle of 57 kb.

A circularized part of the phage genome, the L plasmid, confers immunity

against OH infection to its host. A spontaneous OH mutant, OHL1, which

carries the insertion element ISH50 in its L region, is able to overcome

the L plasmid immunity but not the immunity imparted by the whole prophage.

Thus, immunity is conferred on at least two different levels, one encoded

within the L region, the other outside (Schnabel et al. 1982a, Schnabel et

al. 1982b, Schnabel 1984, Schnabel and Zillig 1984).

We have investigated the transcription of the genome of this phage. Like

other bacteriophage genomes, that of phage OH is expressed following a

specific time schedule. Under standard conditions the latency period is

about 7h. Most prominently a 3.7 kb piece close to one end of the L region,

that piece of the phage genome that coincides with the early transcripts,

and the insertion element ISH1.8 which is also expressed in uninfected

cells, are transcribed. The switch from early to late transcription is

blocked by puromycin, indicating that a newly synthesized protein is re-

quired.

A segment close to the other end of the L region is not expressed in the

lytic cycle. In the immune H. halobium strain RI(L) carrying the L plasmid
as sole part of the OH genome, this region is strongly transcribed, whereas

the lytic 3.7 kb transcript is not detectable. It thus appears possible

that the 3.7 kb transcript might be involved in the switch for early to

late gene expression and the two transcripts from the other side of the
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L region are involved in conferring immunity. Insertion of ISH5O must in

some way circumvent this Immunity block. In the true lysogen RI(OHI) two

additional regions outside L are transcribed and could be involved in

establishing the second level of immunity not overcome by OIHLI.
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Molecular Characterization of Genes Encoding Elements of

the Halobacterium Protein Synthesis Apparatus

Patrick P. Dennis

The University of British Columbia, Vancouver, B.C., Canada

The protein synthesis apparatus of archaebacteris exhibits many unique

features which distinguish this group of organisms from eukaryotes and

eubacteria. In an attempt to understand the molecular nature of some of these

unique features, we have begun to clone and characterize genes encoding

components of the protein synthesis apparatus. The chromosome of H.

cutirubrum contains a single ribosomal RNA gene cluster. The 5' to 3'

organization of genes within this six kilobase pair region is: 16S, alanine

tRNA, 23S, 5S, cysteine tRNA. The entire gene cluster is transcribed as a

single long primary transcript; processing of mature RNA sequences from the 5'

region of the transcript begins prior to the completion of synthesis at the 3'

end. There are five conserved octanucleotide direct repeats (TGCGAACG) in the

900 base pair 5' flanking sequence in front of the 16S gene. The positions of

* these repeat sequences correspond to the different 5' ends of the primary

* transcript and probably represent the RNA polymerase start sites. The 16S and

23S rRlA genes are surrounded by long nearly perfect inverted repeat

sequences. These sequences probably form duplex structures in the primary

transcript and are recognized by an RNaselll-like endonuclease activity that

carries out the initial excision of the precursor 16S and 23S rRNA sequences.

These precursors are rapidly trimmed to the mature 16S and 23S molecules and

assembled into ribosomal particles. The processing sites for 5S rRNA appears

to be at or very near to the mature ends of the 5S molecule. The tRNA

sequences are processed with reduced efficiency from the primary transcript.

fluclease cuts have been detected at the ends as well as in the middle of the

cysteine tRNA sequence suggesting that there may be alternative processing

pathways, one resulting in proper excision of the mature tRNA sequence and the

other resulting in improper excision and degradation of the tRNA sequence.

The transcription termination sequence is believed to be at or beyond an

AT-rich sequence preceded by a CC-rich sequence located distal to the cysteine

tliA gene. Two genes encoding ribosomal protein HcL20 and BcLll have been

cloned on a 6.0 Kb fragment of genomic DNA. Characterization of these genes,

their organization and their in vivo transcripts is in progress.
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