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CYARODNEYS - a newsletter fntended” to provide cyanobactermlﬁmsts mth a INSIDE

forun for rapid fnformal cémmunication, unavailable throush journals.  * Spotlight on b1otechn01ogy
Everythmg you read in this neusletter is contnbuted by readers llke ~ . *Mass cultivation .
yourseif Published occasmnaily (about three times per vear‘) i ! Cya.nobactema? I}\!A isol atmn

SUBSCRIPTION RATE - one communication every tuo years or so (your address * Sites of e carrier proteins -
lzbel shous the date of your last wmwmcatmn) A communication - ¥ N1tmgen f’ixatmn genes '

rmght be a new msult, news of an mterestmg meeting, a post- doctoraE - Phyiogeny

openmg, & request for strams, a new af‘twte, even conftrmatmn of - ?‘B‘J genes -
. “Your addressi’ s : o RS - Pattern of expr'essmn
- WHERE 0. SEND commsunosqs See the last page. - R Meetmgs, Jobs o

HOW 1O GET ON THE HAILING L!ST < See f:he last page

INSTRUCHQNS io AUTHORS Send news : : :

Hou TG FIND ou'r MORE ABOUT SOME'{HING YOU READ HERE - The name of the correspondent for each 1tem m t%‘ns newsletter

s cap!tahzed 80 you know who  to urate to for more mformatmn The correspondent‘s address appears &t the '
‘erd of the newsletter, :

%LLETIN WEJLLETIN BOARD*&JLLET iN WB%JLLETIN W&LLETIN WEJLLETIN BOARD*BULLETIN. m" .

.The Vth CHINESE CGNGRESS OF ALGO#.%Y wﬂ’i be he'id June 25 30 -1990 -in Narumg, Peop"les Repub"hc- |
--_-ﬁ;:of Chma “For:more: mfomzatwn, contact Cha;o»Ts1 Tseng, Cent\"e of Marme Scxences, Bept of Bmhg_y,:
~Nanding Eﬁawersrty, P.R.CHINA, ('{e"l) 63?’551»2551 :

A (I)URSE ON ALGAL BIGTEM%Y wm be offered fuyg 31 - Sept 7, 1990 mth an emhasm on tissue. .

eulture and nitrogen/carbon metabolism and the use of marine macroalgae and cyanobacteria in”

. bistechnology. The following methods' will be used during the course: -electorn microscopy, immunogold . .

“cytochemistry, Western blots, and cultivation techniques. There. is no. mgwtratwn fee for academic
participants, so costs will be Timited to trave] and accomodations.  Contact by June 1, 1990: Marianne
Pedersén, Department of- Physw?og*:ca’i Botany, i.hwersﬁy of Uppsaﬂa, Box. 540, S 751 21 UppsaTa, SWEDEN,

(Te"i) +46 18 182%0 (Fax) +46 18 55%5 '

chputer lsers: wﬂ‘l thank Bob 1<nox for ccnpﬂmg an extenswe DIRECT(RY GF BITNET A&}RESSES com-
pmsed of vesearches with an interest in photosynthesas If you want to get” a copy of the dwector:y,
contact Bob at RSKNGUORVM. If you: wantt6 -add yom*se?f in the dwectory, then mc"}ude in your‘ message
e "the anmrs to the foﬂawmg ques’mons 5 - _

Hcm often do you: cheak your maﬂ'?
{1} About once per week -
{2} betwesn once per seek and once per day
(3) at least once daily.
Does_anyone else use the same address?
If s6, include the riame: of the addresee in the header!



POSITION AVAILABLE ‘

CONTACT:  Murray Badger, Plant Environmental Biology group, Research School of Biclogical Sciences,
Bustralian National University, PO Box 475, Canberra City, ACT, 2601, AUSTRALIA.

(Tel} 062-493741. (Fax) 062-489995.

RESEARCH:  Operation of (O,-concentrating mechanisms. -In particular, the role of the carboxysome in
cyanobacterial photosynthesis. Initial vesearch will involve analysis of already isolated IMA
fragrents that complement mutants impaired in carboxysome function, and isolation of related
sequences with a view to understanding the processes of assembly, -regulation by €0y, and the
detailed functioning of the carboxysome. Further objectives relate to -active inorganic carbon
transport mechanisms in cyanobacteria and eukaryotic algae. B o

REQUIREMENTS: - PhD in asppropriate field. Training in-molecular biology and biochemistry desirable.

SALARY: A$29,388 to A$32,599, depending on qualifications. : S

START: 30 June 1990 S .
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IMPROVED MASS CULTIVATION OF MICROALGAE AND CYANOBACTERIA

MARIO TREDICT has recently devised and patented a vertical alveolar panel -(VAP) for mass cultivation
of microalgae and cyanobacteria. The main characteri ?:écs of the VAP photobioreactor ave:

1) has high surface to volume ratio {about 85 m™);

2) may be oriented at any angle to the sun’s rays;

3) effective mixing and 0, removal is achieved by air bubbling, which

~minimizes the shear to which the organism is exposed. '_ T
Air is bubbled at the bottam of the system, and (0, is added at rates vegulated by a pH controller. The
system is temperature controlled. Four VAP veactors with a surface are of 0.5 to 2.0 n were constructed
fram commercially available plexiglas sheets 1.6 an in thickness and tested for several months both in
the Taboratory and outdoors. The VAP has proven to be well suited to the outdoor mass culture of
cyanobacteria such as- Anebaena azollae and Spirulina. platensis, allowing Qg}eratlion" at high cell con-
centrations (up to 20 g 17} and achieving high biomass productivity (wpto2g 1 day'I).
. SPOTLICGHT ON CYANOTECHNOLOGY: MARTEK CORPORATION. _

. The.vast.majority of -those who receive and contribute to this newsletter are affiliated with in-
stitutes of higher Tearning. - As we spend our days seeking pure understanding of o favorite organisms,
we sometines lose sight of our more practical colleagues who are attenpting to hamess cyanobacteria for
useful purposes. - With this in-mind, we focis our attention on one commercial ‘enterprise and perhaps:in

future issues on others as well,

TOM ALLMUT, vecently departed fram Rutgers University where he studied Photosystem IT; describes to
us nis new home, Martek Corporation, Martek was formed on the premise that closed-culture microalgae
technology can be used to produce both new and existing valuable chemical conpounds far wore efficiently
than other. production methods. Martek has exploited the natural biochemistry of microalgae to produce
useful compounds, such as eicosapentaencic acid (EPA), the active anti-cholestero! ingredient ‘in Fish
oil. , However, much of their effort is directed towards developing and marketing compounds labeled with
stable isotopes. Microalgae, alone among microorganisms, can use water as:the sole source of ‘hydrogen,
thus growth in D0 permits _a‘lmof total stig%;tu‘tion of deuterium for hydrogen in every compound they
make.  Similarly, growth with ““(0, or K™NO3 yields compounds greatly enriched in heavy carbon or
mitrogen. These corpounds may be valuable in molecular structure determination using nuclear megnetic
resonence and in health related applications. : : ; o

Thus far, Martek has concentrated its efforts primarily on eukarvotic algae, growing cyanobacteria
only for specialty applications. No cyancbacterial strain has been found yet that grows very well in
D0. However, genetic techniques are far more advanced with cyanobacteria as compared with eukaryotic
afgae, and it may soon be feasible to isotopically label overproduced foreign proteins cloned in a
cyanobacterial strain. Martek is eager to develop relafionships with researchers in academia.



MICROFUGE MINIPREP FOR SYNECHOCYSTIS PCC 6803 CHROMOSOMAL DNA

DEXTER CHISHOLM has passed on a protocol that allows the isolation of mderate amounts of DNA from
Synechocystis PCC 6803. The procedure allows cells from either plates or Tiguid culture to be used, and
confines all menipulations to 1.5 ml microcentrifuge tubes. Cell lysis is achieved using lysozyme,
‘sarkosyl, and phenol. Polysaccharides are rewoved by CTAB extraction. He and others have been using
this procedure for a few months now with consistent vesults. The DMA vestricts well and - supports PCR
amplification. The procedure also scales up well. The procedure: _ ‘

HARVEST CELLS:  Spin down 1Z ml of culture (0D qp of at.least 2.0), or scrape a pea-sized glob of cells
from a healthy plate. Resuspend in-400 ui of TES in a microfuge tube. : . _ _

DIGEST WITH LYSOZYWE: Add 100 ul of lysozyme (8 50 my/ml) and incubate for 15 min at 37° {mix.
occasionally because cells settle out). o Lo

LYSE WITH SARKOSYL AND PHENOL: Add 50 ul 10% sarkosyl, and then add 600 ul phenol and torture on a
rotating wheel for 15 min,

REMOVE DEBRIS:  Spin. in microfuge for at least 5 min. Transfer supermatant to new tubes. _

DIGEST WITH RNase: Add 5 ul of 2U/ul Rlase (Boehringer-Mannheim #1119-915). Incubate 15 min at 37°.

PRECIPITATE WITH CTAB: Add 100 ul of 5M NaCl, 100 ul of CTAB-MaCl solution, and 600 ul of chioroform,

. Extract on wheel for 15 min, - : _ .

PELLET DNA: Spin for 2 min. to pellet. . o

RINSE PELLET:" Rinse pellet with 70% ethanol. Dry in Speedvac. Resuspend in 100 ul of TE. Use 10-20 ul
per lane for Southerm. S _ _ T - -

TES -solution: . CTAB-NaC1 Selution: . o
- 2.5 m 14 Tris, pH 8.5 (5 i) 4.1 g NaCl in .80 ml. water (700 i)
5 ml 54 NaCl - {50 mM). 10gCIAB O 1175 I
Bmi 500 M EDTA {5 nM) Requires heat to get into solution .

Bring volume to 500 mi Bring volume to 100 m}.

PATTERNED ﬁiF GENE EXPRESSION BY ANABAENA PCC 7118

Perhaps the world’s most famus cyanchbacterial speciés is Anabaena variabilis, because of two of its
restriction enzymes, Aval and Avall, that take. their names from 2 strain of that species. This strain
cae o us over thirty years ago as a heterocystous, nitrogen-fixing cyanobacterium, but some ‘Lite ‘Since,
1t spontanegusly lost the ‘ability to make heterocysts and fix nitrogen under aerobic conditions. This
mytant strain is stored in the Pasteur Culture Collection as Anabaena PCC 7118, IR

Now JEFF ELHAI tells us that the mutant strain is still capable of development in response to
nitrogen-deprivation, forming a pattern analogous fo that seen in wild-type Anabaena. He bases this as-
sertion on several kinds of observations, made with Peter Wolk. . First, nitrogen-starved filaments of PCC
7118 break ip a nonrandom fashion, yielding fragrents of lengths veminiscent of the spacing between
heterocysts in wild-type strains. In contrast, sulfur-starved PCC- 7118 and nitrogen-starved: Plectonema
boryanum break randomly. Second, phycocyanin-dependent flugrescence is lost in about one in ten cells of
nitrogen-starved PCC 7118, producing a regular pattem of nonfluorescent cells. Third, the nonfluores-
cent cells in general are morphologically distinguishible from their neighbovs, although they Tittle
resenble proheterocysts. = Finally, these morphologically distinct cells are the sites under anasrobic
conditions of transcription fran the promoter (Prifrx) of nifHK, which encodes nitrogenase.

A similar phencmenon can be obsérved with wild-type Anabaena PCC 7120, where transcription from
Py is confined to differentiating cells, even under anaevobic conditions, and this result has impor-
tan%iigatim;s, First, nitrogen fixation nust be confined to differentiated cells, even when the en-
tire filament is subjected to anaercbiosis. Second, the promoter is induced by conditions specific to
differentiating cells. It could be that only these cells experience sufficient nitrogen-starvation to
induce the pramster. Altermatively, Prifrpi may vequire for activity a gene product fourd only in dif-
ferentiating cells.



LOCALIZATION OF ELECTRON CARRIER PROTEINS IN ANABAENA

AURELIO SERRANG recently returned to Spain from a one-year stay at the University of Konstanz and
reports to us some interesting results concerning the cellular Jocalization of the electron carrier
proteins ferredoxin-NADP oxidoveductase (FNR) and cytochrome ¢ k3 {cyt cgpg).  Using antibody directed
against FNR, an intense labelling was observed in the thylakoids, whereas™no gold particles were located
near the cytoplasmic menbrane ard the centroplasm. In contrast, using antibody directed against cyt
Cgeg, @ clear Tabelling appeared associated with the periplasmic area (cytoplasmic menbrane and periplas- -
mic space) in both vegetative cells and heterocysts. Some gold particles {about 20-30%) were also as-
sociated with the thylakoid membranes. Most of the cellular content of cyt Coey OF A variabilis is lo-
cated in the periplasm, as judged by its selective release after treatment Tris-EDTA. This is in agree-
ment with what is known -about the small c-type cytochvomes of bacteria. Cytochrome Cggy May act as a
donor to cytochrome oxidase, which has vecently been identified in the cellular membranes of A.
variabilis., - : '

- NEW GENES IN THE NIF REGION OF ANABAENA

DULAL BORTHAKUR has moved on to browner pastures (he now works on Rhizobium}, but his parting con-
tribution was an analysis with others in the laboratory of Bob Haselkorn of a newly identified region in-
volved in nitrogen fixation by Anbaena PCC 7120. A 1.8-kb transcript, appearing 12 to 18 hours after
removal of nitrogen, was found to corvespond to DNA 4-kb downstream from nifHX. This vegion is part of
a larger stretch of DNA {about 18-kb) survounding nifHK that contains at Teast eight genes known to be
induced during the induction of heterccysts. The 1.8-kb region was sequenced, and two open veading
frames, ORF1 and ORF2, were identified. ORFZ shows strong sequerice similarity to ORF6 in the nif gene
region of Azotobacter vinelandi . A mutant strain was constructed in which ORFL was interrupted with a
drug-resistance cassette. This strain grew very slowly on medium Tacking corbined nitrogen and possessed
only 45% of the acetylene reduction activity of the wild type strain. Thus, ORF1 or ORF? {or both) is
evidently requived for efficient nitrogen fixation in Anabaena. A complete veport of this work will soon
appear’ in Mol Gen Genet. : -

NIF GENE COMPARISON CHALLENGES CONVENTIONAL TAXONOMY

..+ Manjuia Mathur and RAKESH TULL offer some intevesting taxonomic insights they reached after arrang-
ng 27 published nuclectide sequences of nifH genes according to their similarity. Hierarchical cluster- _
- ing of sequences, shom on the next page, was perforned with no prior assumptions as te ordering, as
described by Florence Corpet [Nucl Acids Res (1938) 16:10881-10890]. Basically, the greater the percent-
age of mismatches bebween two sequences, the greater the horizontal distance separates _them in the
figure. A penalty of -seven mismatches was inposed for every gap introduced to improve an aligmment. In
general, the clustering of strains based on the similarity of their nifH genes corvesponds to curvently
accepted taxonomy, but the exceptions may be instructive. The nifH3 gene from the Gram-negative bac-
teriun Azotobacter vinelandii, encoding a camponent of an Fe-nitrogenase, does not cluster with genes
. from other Gram-negative bacteria. Rather it is most similar to an archasbacterial gene: and one of six
nifH genes from the Gram-positive bacterium Clostridium pasteuriamum. Perhaps these two similar genes
alsoencude components of an alternative nitrogenase. In contrast, genes encoding subunits of a Y-nitro-
genase fall within a larger cluster comprised at least in part by subunits of the conventional Mo-
nitrogenase. A second ancmoly is presented by the positioning of nifl from Frankia within the cluster of
Gram-negative genes. Frankia is a Gram-positive bacterium, classified with the Actinomycetes and thus
might be expected to cluster more closely with Clostridium than with Gram-negative bacteria.

Hierarchical clustering of amino acid sequences derived from nifd (not shown} gives substantially
the same picture as that based on the nuclestide sequence, except that Frankia is grouped closer to
Anebaena than to other Gram-negative bacteria. Clustering based on ten nifD nuclectide sequences {next
pagej also is in basic agreement. The small mwmber of nifK sequences available for comparison (next
page) and the lesser degres of sequence conservation makes it difficult to interpret the clustering of
these genes. -
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TAXONOMY AND ECOLOGY

BURGER-WIERSMA T, Stal LJ, Mur R {1989). Prochlorothrix hoi?andrca gen. nov., sp: nNOV., & fﬂamentous
oxygenic photoautotmpmc procaryote containing chlorophylls a and b:  Assignment to
Prochlorotirichaceae fan. -nov. and order Prochorales Flovenzano, Balloni, and Materassi 19856,
with emendation of the ordinal description. Int J Sys Racteriol 39:250-257.

Bourdier G, Bohatier J, FEUILLADE M, FRUILLADE J (1989). Amino acids incorporation by a natura"i popiita-
tmn of Oscil ?atorra rubescens A microautoradiographic study. FEMS Microbiol Fcol 62:185-190,

FEUILLADE M, Bianchi A, Druart J-C, Reymond O (1989).- Colonisation d’une pepulation. &’ Oscﬂ?atorra
mbescms (Cyanophyceae) par des bacteries epaphytes Aguatic Sci B1:59- 66

PHYSIOLOGY

FAY P (1988)." Vmb!hty of akinetes of the p’tanktomc cyanobactemwn Anabaena crrcmahs Pmc R Soc
Lond B 234:283-301.

LINDBLAD P {1989). Inwunocytochemma} Tocalization of carbamﬁ phosphate synthetase in the fﬂamntous

- heterocystous cyanobacterium Nostoc PCC 73102, Protopiasma 152:87-95. :

Meng BY, Shinozaki K, SUGIURA M (1989). Genes for the ribosomal -proteins S12 and S7 and e]ongatwn
factors EF-G and EF-Tu of the cyanobacterium, Anacystzs nidulans: str‘uctura] ho:m"!ogy between’ 165
rRNA and S7 pRNA. Mol Gen Genet 216:25-30,

Chou H-M, Chow T-J, Tu J, Wang H-R, Chou H-C, HIANG T-C (1989) Rhythimic mtmgenase actw-;ty of
Synechocws sp. RF-1 estabhshed under various 1ight-dark c:ycies Bot Bull- Acaderma Smma
.30:291-295,

FLORES E, Muro-Pastor MI (1988). Uptake of glutamine and g?utamate by the d":mtmgen ﬁxmg cyanobac-«

. te'r*mn Anabaena sp. PCCT120. FEMS Microbiol Lett 56:127-130.

HUANG T-C, Tu J, Chow T-J, Chen T-H (1990). -Circadian vhythm of the pmkaryote Synechaccus sp. RF 1.
Pl ant Pﬁyszo? 92: 531 533,

KUMAZAWA 5 (1988). - Nitrogen: ﬂxatwn by synchronously growing unicellular cyanchacteria.  Methods
Enzymo! 167:484-490.

Madueno Fy Vega -Palas Ma,- FLORES E, Hervero A (19@) A cytﬁpi asmic- ma'rbrane pmtem r*epmsmb?e by :

*amoniun in’ Synechococcus R2: altered expression in nitrate- assimilation mitants. =~ FEBS et

239:289-291,

Martin-Nieto J, Herrerc A, FLORES E (1%9) Regulatmn of mtrate and mtmte mductases in d'imtmgeﬂ«
ﬁxmg cyanobactema and Nif™ mutants. Arch Microbiol 151:475-478,

TOXICOLOGY-

ERIKSSCN JE, Meriluoto JAO, Kujari HP, Jamel Al-Layl K, Codd GA (1988). Cellular. effects of cyanobac-
terial peptide toxins . Toxxcaty Assess. 3:511-517.

ERIKSSON JE, Meriluoto JAD, Lindholm T {(1989). Accumilation of a peptide toxm from ’the cyanebactermn
Oscillatoria agardhn in the freshwater mussel Anodonta cygnea. Hydrobiol 183:211-216.

LINDHOLM TL, ERIKSSON JE, Merilucto JAD. (1989). Toxic cyanobacteria and water quality problems -

amﬂes from a eutrophac lake on Aland, South West Finland. Water Res 23:481-485. -

MEREISH KA, Ragland TR, Creasia DA (1989) - Protection by silymarin of microcystin-LR nduced acute
hepatotomcﬁy Biochemistry, histopatholegy and lethality. In 8th Furop. Syipos. on "Animal,
Plant, and Micrabial Toxins®.

MEREISH KA, Solow R {1999). intera.ctmn of microcystin-LR with superchar: water decontamination and
therapy J Toxicol Clinical Toxicol {in press). :

MEREISH KA, Sofow R (1990). Protective effect of therapeutic agents against microcystin-LR toxm'ity in
cul tured vat hepatocytes, Pharm Res (in press).



MERLISH KA, Sotow R, Singh Y, Bhatnager R (1988). Comparative toxicity of cyclic peptides and despipep-
tides on cultured rat hepatocytes. Toxicologist 9:68. : -

Meriluto JAD, Sandstrom A, ERIKSSON JF, Remaud &, Craig AG, Chattopadhyaya J. (1989). Structure and
toxicity of a peptide hepatotoxin fram the cyanobacterium Oscillatorta agardhii. Toxicon 27:1071-
1034 -

Stewart JB,B Bornemann V, Chen JL, Moore RE, Caplan FR, Karuso H, Larson LK, PATTERSON GML (1988).
Cytotoxic, fungicidal nucleosides from blue green algae belonging to the Scytonematacess.
JAntibiotics 41:1048-1056.

BIOENERGETICS

BIGGINS J, Bruce D (1989). Regulation of excitation energy transfer in organisms containing phycobilins.
. Pnotosynth Res 20:1-34. o o _ : : o -
BORTHAR D, Haselkorn R (1989). Muclectide sequence of the gene encoeding the 33 Ka water oxidizing

polypeptide in Anabaena sp. strain PCC 7120 and its expréssion in Escherichia coli. Plait Mol
Biol 13:427-439. o 3
Chow T-J, Hwang I-S, HIANG T-C {1983). Comparison of pigwents and photosynthate of Nostoc strains
_ cultured photoautotrophically and chemoheterotrophically. Bot Bull Acad Sinica 30:147-153, . .
Fukuda M, Meng BY, Hayashida N, SUGIURA M (1989).  Nucleotide sequence of the pstK gene of the
. cyanobacterium, Anacystis nidulans 6301. MNucl Acids Res 17:7521.. . - - _ ;
MAYES SR, Barber J (1990). = Mucleotide sequence of the pshH gene of the cyancbacterium Synechocystis
6803. Nuct Acids Res 18:194, . S . T "
MAYES SR, Barber J (1990).. NucTeotide sequence of the second psbG gene An Synechocystis 6R03. Possible

- implications for psbG function as a NAD(P)H dehydrogenase subunit gene. FEBS Lett (accepted),
KUMAZAWA S (1989).  Hydrogen photoproduction by a marine cyanobacterium Anabaena sp. TU37-1. . Proc of the

. Ist Marine Biotechnol Conference. : oo
SERRANO A (1986).  Characterization of cyanobacterial fervedoxin-MDP* oxidoreductase molecular

_heterogeneity using: chromatofocusing. Anal Biochem 154:441 -443, e
SERRANG A, losada M. (1990). - Action spectra for nitrate and nitrite assimilation in blue-green algas.
- Plant Physiol 86:1116-1119, - _ . _ : : _
SERRAND A, Soncini F, Vallejos RH (1986). Localization and quantitative determination of ferredoxin-

PToxidoreductase, . a thylakoid-bound enzyme in the cyanobacterium Anabaena sp. strain 7119.

Snimemura K, KWAZNIA S (1989). - A study on the hydrogen photoprodiction capabitity of a nely isolated

~ marine cyanobacterium, Anabaena sp.” strain TU37-1 (Japanese with English Abstr. and Fig.
Tegends). Bull Inst Oceanic Res Develop Tokai Univ. - . -

GENETICS AND BIOTECHNOLOGY

Divakaran S, DUERR 0 {1987). Characteristics of a blue-green alga (Spirulina platensis) preserved by
- -acidulation with sulfuric acid. J Agricuylt Food Chem 35:568. :
DUERR £0, -Edvalin MR, Price WM. Facilities requivements and procedures for the Taboratory and outdoor
- raceway culture of Spirulina spp.. {Monograph from Oceanic Institute). o

McFADDEN BA, Daniell H (1988).- Binding, uptake and expression of foreign DNA by cyancbacteria and
isolated etioplasts. Photosynth Res: 19:23-37, ' '

Schwabe W, Hibschmann T, Meixner M, Wethe A, BORNER T (1990). Transcription and in vivo expression of a
Hicrocystis aeruginosa plasmid. - Curr Microbiol (in press). '

Tedesco MA, DUERR EO -(1989). Light, temperature and nitrogen starvation effects on the total Tipid and
fatty acid content and composition of Spirulina platensis UTEX 1928. J Appl Phyeol {in ress),
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