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CYANONEWS - a newsletter intended to provide cyanobacteriologists with a INSIDE:

forum for rapid informal communication, unavailable through journals. * Spoﬂ ight on biotechno]oqy

Everything you read in this newsletter is contributed by readers like * Mass cultivation

yourself. Published occasionally (about three times per year). % Cyambacter'ia'l DNA isolation
SUBSCRIPTION RATE - one communication every two years or so (your address * Sites of e carrier pr‘oteins

label shows the date of your last communication). A communication * Nitrogen fixation genes

might be a new result, news of an interesting meeting, a post-doctoral - th]ogeny

opening, a request for strains, a new article, even confirmation of - New

your address! - Pattern of expression
WHERE TO SEND CONTRIBUTIONS - See the last page. * Meetings, Jobs

HOM TO GET ON THE MAILING LIST - See the last page.

INSTRUCTIONS TO AUTHORS - Send news.

HOW TO FIND OUT MORE ABOUT SOMETHING YOU READ HERE - The name of the correspondent for each item in this newsletter
is capitalized, so you know who to write to for more information. The correspondent's address appears at the
end of the newsletter.

BULLETIN BOARD*BULLETIN BOARD*BULLETIN BOARD*BULLETIN BOARD*BULLETIN BOARD*BULLETIN BOARD*BULLETIN BOARD*

The Vth CHINESE CONGRESS OF ALGOLOGY will be held June 25 - 30, 1990 in Nanjing, Peoples’ Republic
of China. For more information, contact Chao-Tsi Tseng, Centre of Marine Sciences, Dept. of Biology,
Nanjing University, P.R. CHINA, (Tel) 637551-2551.

A COURSE ON ALGAL BIOTECHNOLOGY will be offered Aug 31 - Sept 7, 1990, with an emphasis on tissue
culture and nitrogen/carbon metabolism and the use of marine macroalgae and cyanobacteria in
biotechnology. The following methods will be used during the course: electorn microscopy, immunogold
cytochemistry, Westerm blots, and cultivation techniques. There is no registration fee for academic
participants, so costs will be Tlimited to travel and accomodations. Contact by June 1, 1990: Marianne
Pedersén, Department of Physiological Botany, University of Uppsala, Box 540, S-751 21 Uppsala, SWEDEN,
(Tel) +46 18 182800, (Fax) +46 18 559885.

Computer users will thank Bob Knox for compiling an extensive DIRECTORY OF BITNET ADDRESSES, com-
prised of researches with an interest in photosynthesis. If you want to get a copy of the directory,
contact Bob at RSKNGUORWM. If you want to add yourself in the directory, then include in your message
the answers to the following questions:

How often do you check your mail?
(1) About once per week
(2) between once per seek and once per day
(3) at Teast once daily.
Does anyone else use the same address?
If so, include the name of the addresee in the header!



POSITION AVAILABLE

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

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

RESEARCH:  Operation of CO,-concentrating mechanisms. In particular, the role of the carboxysome in
cyanobacterial photosynthesis. Initial research will involve analysis of already isolated DNA
fragnents that complement mutants impaired in carboxysome function, and isolation of related
sequences with a view to understanding the processes of assembly, regulation by COp, and the
detailed functioning of the carboxysome. Further objectives relate to active inorganic carbon
transport mechanisms in cyanobacteria and eukaryotic algae.

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

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

START: 30 June 1990

NEWS*NEWS*NEWS*NEWS* NEWS* NEWS* NEWS NEWS*NEWS*NEWS*NEWS*NEWS *NEWS *NEWS* NEWS* NEWS*NEWS*NEWS*NEWS*NEWS*NEWS*

IMPROVED MASS CULTIVATION OF MICROALGAE AND CYANOBACTERIA

MARIO TREDICI has recently devised and patented a vertical alveolar panel (VAP) for mass cultivation
of microalgae and cyanobacteria. The main characteri ihcs of the VAP photobioreactor are:

1) has high surface to volume ratio (about 85 m”

Z)maybeomentedatanyanghtoﬂ\esmsrays,

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

minimizes the shear to which the organism is exposed.

Air is bubbled at the bottom of the system, and (0, is added at rates regulated by a pH controller. The
system is temperature controlled. Four VAP reactors with a surface are of 0.5 to 2.0 n“ were constructed
from commercially available plexiglas sheets 1.6 an in thickness and tested for several months both in
the laboratory and outdoors. The VAP has proven to be well suited to the outdoor mass culture of
cyanobacteria such as Ma?aena azollae and Spirulina platensis, allowing opera ’rlmn aii h1gh cell con-
centrations (up to 20 g 1) and achieving high biomass productivity (up to 2 g 1°

SPOTLIGHT ON CYANOTECHNOLOGY: MARTEK CORPORATION
The vast majority of those who receive and contribute to this newsletter are affiliated with in-
stitutes of higher leaming. As we spend our days seeking pure understanding of our favorite organisms,
we sometimes lose sight of our more practical colleagues who are attempting to harmess cyanobacteria for
useful purposes. With this in mind, we focus our attention on one commercial enterprise and perhaps in
future issues on others as well.

TOM ALLNUT, recently departed from Rutgers University where he studied Photosystem II, describes to
us his 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 compounds far more efficiently
than other production methods. Martek has exploited the natural biochemistry of microalgae to produce
useful compounds, such as eicosapentaenoic acid (EPA), the active anti-cholesterol ingredient in fish
0il. However, much of their effort is directed towards developing and marketing compounds Tabeled with
stable isotopes. Microalgae, alone among microorganisms, can use water as the sole source of hydrogen,
thus growth in D)0 permits a]maf total sy stitution of deuterium for hydrogen in every compound they
make. S1mﬂar1y, §(Ilz or K yields compounds greatly enriched in heavy carbon or
nitrogen. These carpounds may be valuable in molecular structure determination using nuclear magnetic
resonence and in health related applications.

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



MICROFUGE MINIPREP FOR SYNECHOCYSTIS PCC 6803 CHROMOSOMAL DNA

DEXTER CHISHOLM has passed on a protocol that allows the isolation of moderate amounts of DNA from
Synechocystis PCC 6803. The procedure allows cells from either plates or liquid culture to be used, and
confines all manipulations to 1.5 ml microcentrifuge tubes. Cell lysis is achieved using Tysozyme,
sarkosyl, and phenol. Polysaccharides are removed by CTAB extraction. He and others have been using
this procedure for a few months now with consistent results. The DNA restricts well and supports PCR
amplification. The procedure also scales up well. The procedure:

HARVEST CELLS: Spin down 12 ml of culture ( of at least 2.0), or scrape a pea-sized glob of cells
from a healthy plate. Resuspend in 400 ul of TES in a microfuge tube.

DIGEST WITH LYSOZYME: Add 100 ul of Tysozyme (@ 50 mg/ml) and incubate for 15 min at 37° (mix
occasionally because cells settle out).

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 RNase (Boehringer-Mannheim #1119-915). Incubate 15 min at 37°.

PRECIPITATE WITH CTAB: Add 100 ul of 5M NaCl, 100 ul of CTAB-NaCl solution, and 600 ul of chloroform.
Extract on wheel for 15 min.

PELLET DNA: Spin for 2 min. to pellet.

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

TES solution: CTAB-NaC1 Solution:
2.5ml IM Tris, pH 8.5 (5mM) 4.1 g NaCl in 80 ml water (700 mM)
5 ml 5M NaCl (50 mM) 10 g CTAB (10%)
5 ml 500 mM EDTA (5 mM) Requires heat to get into solution
Bring volume to 500 ml Bring volume to 100 ml.

PATTERNED NIF GENE EXPRESSION BY ANABAENA PCC 7118

Perhaps the world’s most famous cyanobacterial species is Anabaena variabilis, because of two of its
restriction enzymes, Aval and Avall, that take their names from a strain of that species. This strain
came to us over thirty years ago as a heterocystous, nitrogen-fixing cyanobacterium, but some time since,
it spontaneously lost the ability to make heterocysts and fix nitrogen under aerobic conditions. This
mutant strain is stored in the Pasteur Culture Collection as Anabaena PCC 7118.

Now JEFF ELHAI tells us that the mutant strain is still capable of development in response to
nitrogen-deprivation, forming a pattem analogous to 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 in a nonrandom fashion, yielding fragments of lengths reminiscent 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 fluorescence 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 neighbors, although they Tittle
resemble proheterocysts. Finally, these morphologically distinct cells are the sites under anaerobic
conditions of transcription from the promoter (Pp:qyy) of nifHK, which encodes nitrogenase.

A similar phenomenon can be observed with wild-type Anabaena PCC 7120, where transcription from
Ppi is confined to differentiating cells, even under anaerobic conditions, and this result has impor-
tan%p]icatims. First, nitrogen fixation must be confined to differentiated cells, even when the en-
tire filament is subjected to anaerobiosis. 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 promoter. Altematively, Ppigyy may require for activity a gene product found only in dif-
ferentiating cells.



LOCALIZATION OF ELECTRON CARRIER PROTEINS IN ANABAENA

AURELIO SERRAND recently returmed to Spain from a one-year stay at the University of Konstanz and
reports to us some interesting results conceming the cellular Tlocalization of the electron carrier
proteins ferredoxin-NADP oxidoreductase (FNR) and cytochrome cgg3 (cyt cggz). Using antibody directed
against FNR, an intense labelling was observed in the thylakoids, whereas no gold particles were located
near the cytoplasmic membrane and the centroplasm. In contrast, using antibody directed against cyt
Cgs3s @ clear 1abelling appeared associated with the periplasmic area (cytoplasmic membrane and periplas-
mc 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 Cs53 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 cytochromes of bacteria. Cytochrome cggy may act as a
donor to cytochrome oxidase, which has recently 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 Taboratory 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 correspond to DNA 4-kb downstream from nifHK. This region is part of
a larger stretch of DNA (about 18-kb) surrounding nifHK that contains at least eight genes known to be
induced during the induction of heterocysts. The 1.8-kb region was sequenced, and two open reading
frames, ORF1 and ORF2, were identified. ORF2 shows strong sequence similarity to ORF6 in the nif gene
region of Azotobacter vinelandi . A mutant strain was constructed in which ORF1 was interrupted with a
drug-resistance cassette. This strain grew very slowly on medium lacking combined nitrogen and possessed
only 45% of the acetylene reduction activity of the wild type strain. Thus, ORF1 or ORF2 (or both) is
evidently required for efficient nitrogen fixation in Anabaena. A complete report of this work will soon
appear in Mol Gen Genet.

NIF GENE COMPARISON CHALLENGES CONVENTIONAL TAXONOMY

Manjula Mathur and RAKESH TULI offer some interesting taxonomic insights they reached after arrang-
ing 27 published nucleotide sequences of nifH genes according to their similarity. Hierarchical cluster-
ing of sequences, shown on the next page, was performed with no prior assumptions as to ordering, as
described by Florence Corpet [Nucl Acids Res (1988) 16:10881-10890]. Basically, the greater the percent-
age of mismatches between two sequences, the greater the horizontal distance separates them in the
figure. A penalty of seven mismatches was imposed for every gap introduced to improve an alignment. In
general, the clustering of strains based on the similarity of their nifH genes corresponds to currently
accepted taxonomy, but the exceptions may be instructive. The nifH3 gene from the Gram-negative bac-
terium Azotobacter vinelandii, encoding a component of an Fe-nitrogenase, does not cluster with genes
from other Gram-negative bacteria. Rather it is most similar to an archaebacterial gene and one of six
nifH genes from the Gram-positive bacterium Clostridium pasteurianum. Perhaps these two similar genes
also encode components of an altermative nitrogenase. In contrast, genes encoding subunits of a V-nitro-
genase fall within a larger cluster comprised at least in part by subunits of the conventional Mo-
nitrogenase. A second anomoly is presented by the positioning of nifH 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 nifH (not shown) gives substantially
the same picture as that based on the nucleotide sequence, except that Frankia is grouped closer to
Anabaena than to other Gram-negative bacteria. Clustering based on ten nifD nucleotide sequences (next
page) also is in basic agreement. The small number of nifK sequences available for comparison (next
page) and the lesser degree of sequence conservation makes it difficult to interpret the clustering of

these genes.



Hierarchical Clustering of Nucleotide Sequences of nifH
Archaebacteria
Methanobacterium ivanovii----------

Methanococcus voltae---------------- !
Methanococcus thermolithotrophicus (2) '
Methanococcus thermolithotrophicus (1)

Eubacteria: Gram-positive
Clostridium pasteurianum (3)---------
*Azotobacter vinelandii (3-Fe)--------
Clostridium pasteurianum (1)---------
Clostridium pasteurianum (5)--------- —
Clostridium pasteurianum (2)----------
Clostridium pasteurianum (6)---------- M
Clostridium pasteurianum (4)-----
Eubacteria: Gram-negative
Anabaena sp. PCC 7120----------==----
*Frankia sp. Arl3---------==cmecmeemm-
Klebsiella pneumoniae-------------=--
Azotobacter chroococcum (2-V)--------
Azotobacter vinelandii (2-V)--------- J—lr
Azotobacter vinelandii (1-Mo)--- =
Thiobacillus ferrooxidans--------
Bradyrhizobium sp. ANU289-------- 1
Bradyrhizobium japonicum-----------
Azorhizobium sp. ORS571 (1)---------- -
Azorhizobium sp. ORS571 (2)---------- -t
Rhodobacter capsulata---------------
Rhizobium meleloti 41----------——---
Rhizobium phaseoli----=======--==-- 1
Rhizobium sp. ANU240----------------
Rhizobium trifoli 329---------==-=---

Hierarchical Clustering of Nucleotide Sequences of nifD
Archaebacteria

Methanococcus thermolithotrophicus---
Eubacteria: Gram-positive

Clostridium pasteurianum-------------
Eubacteria: Gram-negative

Klebsiella pneumoniae----------------
Azotobacter vinelandii (1-Mo)-------- I ——
Bradyrhizobium sp. ANU289-------------

Bradyrhizobium (cowpea) IRC78 - H ’_
Bradyrhizobium japonicum-------------- . l

Rhodobacter capsulata----------------

Hierarchical Clustering of Nucleotide Sequences of nifkK
Eubacteria: Gram-negative
Azotobacter vinelandii (3-Fe)----

Anabaena sp. PCC 7120----------=----
Klebsiella pneumoniae-----==---------
Azotobacter vinelandii (1-Mo)-------- [ ——

Bradyrhizobium sp. ANU289-----------

*Frankia is Gram-positive, Azotobacter is Gram-negative.



PUBLICATIONS*PUBLICATIONS*PUBLICATIONS*PUBLICATIONS*PUBLICATIONS*PUBLICATIONS*PUBLICATIONS*PUBLICATIONS*P

TAXONOMY AND ECOLOGY

BURGER-WIERSMA T, Stal LJ, Mur LR (1989). Prochlorothrix hollandica gen. nov., sp. nov., a filamentous
oxygenic photoautotrophic procaryote containing chlorophylls a and b: Assignment to
Prochlorotrichaceae fam. nov. and order Prochlorales Florenzano, Balloni, and Materassi 1986,
with emendation of the ordinal description. Int J Sys Bacteriol 39:250-257.

Bourdier G, Bohatier J, FEUILLADE M, FEUILLADE J (1989). Amino acids incorporation by a natural popula-
tion of Oscillatoria rubescens. A microautoradiographic study. FEMS Microbiol Ecol 62:185-190.

FEVILLADE M, Bianchi A, Druart J-C, Reymond O (1989). Colonisation d’une population d’Oscillatoria
rubescens (Cyanophyceae) par des bacteries epiphytes. Aquatic Sci 51:59-66.

PHYSIOLOGY

FAY P (1988). Viability of akinetes of the planktonic cyanobacterium Anabaena circinalis. Proc R Soc
Lond B 234:283-301.

LINDBLAD P (1989). Immunocytochemical localization of carbamyl phosphate synthetase in the filamentous
heterocystous cyanobacterium Nostoc PCC 73102. Protoplasma 152:87-95.

Meng BY, Shinozaki K, SUGIURA M (1989). Genes for the ribosomal proteins S12 and S7 and elongation
factors EF-G and EF-Tu of the cyanobacterium, Anacystis nidulans: structural homology between 16S
rRNA and S7 nRNA. Mol Gen Genet 216:25-30.

Chou H-M, Chow T-J, Tu J, Wang H-R, Chou H-C, HUANG T-C (1989). Rhythmic nitrogenase activity of
Synechoccus sp. RF-1 established under various light-dark cycles. Bot Bull Academia Sinica
30:291-2%.

FLORES E, Muro-Pastor MI (1988). Uptake of glutamine and glutamate by the dinitrogen-fixing cyanobac-
terium Anabaena sp. PCC7120. FEMS Microbiol Lett 56:127-130.

HUANG T-C, Tu J, Chow T-J, Chen T-H (1990). Circadian rhythm of the prokaryote Synechoccus sp. RF-1.
Plant Physiol 92:531-533.

KUMAZAWA S (1988). Nitrogen fixation by synchronously growing unicellular cyanobacteria.  Methods
Enzymol 167:484-490.

Maduefio F, Vega-Palas MA, FLORES E, Herrero A (1988). A cytoplasmic-membrane protein repressible by
amonium in Synechococcus R2: altered expression in nitrate-assimilation mutants. FEBS Lett
239:289-291.

Martin-Nieto J, Herrero A, FLORES E (1989). Regulation of nitrate and nitrite reductases in dinitrogen-
fixing cyanobacteria and Nif~ mutants. Arch Microbiol 151:475-478.

TOXICOLOGY

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

ERIKSSON JE, Meriluoto JAO, Lindholm TL (1989). Accumulation of a peptide toxin from the cyanobacterium
Oscillatoria agardhii in the freshwater mussel Anodonta cygnea. Hydrobiol 183:211-216.

LINDHOLM TL, ERIKSSON JE, Meriluoto JAO (1989). Toxic cyanobacteria and water quality problems -
Examples from a eutrophic 1ake on Aland, South West Finland. Water Res 23:481-486.

MEREISH KA, Ragland DR, Creasia DA (1989). Protection by silymarin of microcystin-LR induced acute
hepatotoxicity: Biochemistry, histopathology and lethality. In 8th Europ. Sympos. on "Animal,
Plant, and Microbial Toxins".

MEREISH KA, Solow R (1989). Interaction of microcystin-LR with superchar: water decontamination and
therapy. J Toxicol Clinical Toxicol (in press).

MEREISH KA, Solow R (1990). Protective effect of therapeutic agents against microcystin-LR toxicity in
cultured rat hepatocytes. Pharm Res (in press).



MEREISH KA, Solow R, Singh Y, Bhatnager R (1989). Comparative toxicity of cyclic peptides and despipep-
tides on cultured rat hepatocytes. Toxicologist 9:68.

Meriluto JAO, Sandstrom A, ERIKSSON JE, Remaud G, Craig AG, Chattopadhyaya J. (1989). Structure and
toxicity of a peptide hepatotoxin from the cyanobacterium Oscillatoria agardhii. Toxicon 27:1021-
1034

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

BIOENERGETICS

BIGGINS J, Bruce D (1989). Regulation of excitation energy transfer in organisms containing phycobilins.
Photosynth Res 20:1-34.

BORTHAKLR D, Haselkorn R (1989). Nucleotide sequence of the gene encoding the 33 kDa water oxidizing
polypeptide in Anabaena sp. strain PCC 7120 and its expression in Escherichia coli. Plant Mol
Biol 13:427-439.

Chow T-J, Hwang I-S, HUANG T-C (1989). Comparison of pigments 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 psbK gene of the
cyanobacterium, Anacystis nidulans 6301. Nucl Acids Res 17:7521.

MAYES SR, Barber J (1990). MNucleotide sequence of the psbH{ gene of the cyanobacterium Synechocystis
6803. Nucl Acids Res 18:1%4.

MAYES SR, Barber J (1990). Nucleotide sequence of the second psbG gene in Synechocystis 6803. 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
1st Marine Biotechnol Conference.

SERRANO A (1986). Characterization of cyanobacterial ferredoxin-NADP* oxidoreductase molecular
heterogeneity using chromatofocusing. Anal Biochem 154:44]1-448.

SERRANO A, Losada M (1990). Action spectra for nitrate and nitrite assimilation in blue-green algae.
Plant Physiol 86:1116-1119.

SERRANO A, Soncini F, Vallejos RH (1986). Localization and quantitative determination of ferredoxin-
NADP* oxidoreductase, a thylakoid-bound enzyme in the cyanobacterium Anabaena sp. strain 7119.
Plant Physiol 82:499-502.

Shimamura K, KUMAZAWA S (1989). A study on the hydrogen photoproduction capability of a newly isolated
marine cyanobacterium, Anabaena sp. strain TU37-1 (Japanese with English Abstr. and Fig.
legends). Bull Inst Oceanic Res Develop Tokai Univ.

GENETICS AND BIOTECHNOLOGY

Divakaran S, DUERR EO (1987). Characteristics of a blue-green alga (Spirulina platensis) preserved by
acidulation with sulfuric acid. J Agricult Food Chem 35:568.

DUERR EO, Edralin MR, Price NM. Facilities requirements and procedures for the laboratory and outdoor
raceway culture of Spirulina spp.. (Monograph from Oceanic Institute).

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

Schwabe W, Hibschmann T, Meixner M, Weihe A, BORNER T (1990). Transcription and in vivo expression of a
Microcystis aeruginosa plasmid. Curr Microbiol (in press).

Tedesco MA, DUERR EO (1989). Light, temperature and nitrogen starvation effects on the total 1ipid and
fatty acid content and composition of Spirulina platensis UTEX 1928. J Appl Phycol (in press).
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Allnutt, F.C.Thomas Martek Corporation, 6480 Dobbin Road, Columbia, Maryland 21045, U.S.A.

Biggins, John Section of Biochemistry, Brown University, Providence, RI 02912, U.S.A.
Bérner, Thomas Sektion Biologie, Humboldt Universitét, Invalidenstr. 43, DDR-1040 Berlin, DDR - E.GERMANY
Borthakur, Dulal Biotechnology Program, U. Hawaii, 3050 Maile Way, 402 Gilmore, Honolulu, HI 96822 U.S.A.

Burger-Wiersma, Tineke Laboratorium v. Microbiologie, Universiteit v. Amsterdam, Nieuwe Achtergracht 127,
1018 WS Amsterdam, NETHERLANDS

Chisholm, Dexter E173/106, Dupont Experimental Station, P.0. Box 80173, Wilmington, DE 19880-0173, U.S.A.
Duerr, Eirik O. The Oceanic Institute, Waimanalo, HI 96795, U.S.A.

Eriksson, John Abo Akademi, Institutionen fér biologi, Porthansgatan 3, SF-20500 Abo 50, FINLAND

Fay, P. Department of Botany & Micro., University College London, Gower Street, London, WC1E&BT, U.K.

Feuillade, Mauricette Station d'Hydrobiologie, Lacustre, I.N.R.A., Institut de Limnologie, F 74203 Thonon, FRANCE
& Jacques Bernard

Flores, Enrique Instituto de Bioqufmica Vegetal y Fotosintesis, Universidad de Sevilla-CSIC, Apartado 1113,
41080 Sevilla, SPAIN

Huang, Tan-Chi Institute of Botony, Academia Sinica, Nankang, Taipei, TAIWAN,R.O.C.

Kumazawa, Shuzo Institute of Oceanic Research and Development, Tokai University, 3-20-1 Orido, Shimizu,
Shizuoka 424, JAPAN

Lindblad, Peter Inst. of Physiological Botony, University of Uppsala, Box 540, S-751 21 Uppsala, SWEDEN

Mayes, Steve Dept. of Pure & Applied Biol., East Wing, Imperial College, Prince Consort Rd., London, England,
SW7 2BB, U.K.

McFadden, Bruce 4660 - Biochemistry, Washington State University, Pullman, WA 99164, U.S.A.

Mereish, K.A. USAMRIID, Pathophysiology Div, Fort Detrick, Frederick, MD 21701-5011, U.S.A.

Patterson, Gregory Dept. of Chemistry, 2545 The Mall, University of Hawaii at Manoa, Honolulu, Hawaii 96822, U.S.A.

Serrano, A. Instituto de Biogquimica Vegetal y Fotosintesis, CSIC/Universidad de Sevilla, Apdo. 1113,
41080-Sevilla, SPAIN

Sugiura, Masahiro Center for Gene Research, Nagoya University, Furo-cho, Chikusa, Nagoya 464, JAPAN

Tuli, Rakesh Molecular Biology & Agriculture Division, Bhabha Atomic Research Centre, Trombay, Bombay,

400 085, INDIA

Send CONTRIBUTIONS to one of the addresses Tisted below. If you wish to be included in the MAILING LIST,
send your name, address, telephone number, and a brief description of your research interests.

AUSTRALIA/NEW Steve Delaney Department of Biotechnology, The University of New South Wales, P.0. Box 1

ZEAL./SE.ASIA Kensington, New South Wales, AUSTRALIA 2033

AUSTRIA Georg Schmetterer Institut flr Physikalische Chemie, Wdhringerstrasse 42, A-1090 Wien

CANADA Neil Strauss Dept. of Botany, University of Toronto, Toronto, Ontario M5S 1A1

P.R.CHINA Shang-Hao Li Laboratory of Phycology, Institute of Hydrobiology, Academia Sinica, Wuhan

CZECHOSLOV. Jiri Komérek Institute of Botany, CAS Dept. of Hydrobotany, Dukelské 145, CS-37982 Trebon

FRANCE Nicole Tandeau de Marsac Physiologie Microbienne, Institut Pasteur, 29 rue du Dr. Roux,
75724 Paris Cedex 15. (EMail) Bitnet: CYANO @ PASTEUR

FRG-W.GERMANY Wolfgang Lockau Institut fuer Botanik, Universitaet, Universitaetsstr. 31, 8400 Regensburg

GDR-E.GERMANY J.-G. Kohl Section Biology at Humboldt University, Department Ecology, InvalidenstraBe 43,
Berlin 1040, DDR-GERMANY

INDIA Joe Thomas Biotechnology Division, SPIC Science Foundation, 110 Mount Road, Madras 600 032

ISRAEL Elisha Tel-Or Dept. of Agricultural Botany, The Hebrew University, Rehovot 76100

ITALY Mario Tredici Centro di Studio dei Microorganismi Autotrof. (C.N.R.), P.le. delle Cascine,
27 51044 Firenze

NETHERLANDS  Luuc Mur Laboratorium voor Microbiologie, Universiteit voor Amsterdam, Nieuwe
Achtergracht 127, 1018 WS Amsterdam

SCANDANAVIA  Olav Skulberg Norwegian Institute for Water Research, P.B. 333, Blindern, N-0314, Oslo 3

U.K. Tony Walsby Dept. of Botany, University of Bristol, Bristol BS8 1UG, U.K.

ANYWHERE ELSE Jeff Elhai MSU/DOE Plant Research Laboratory, Michigan State University, East Lansing,

MI 48824, U.S.A. (EMail) Bitnet: 21417BBS @ MSU. (FAX) 517-353-9148.
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