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Abstract’

o act1v1ty.

wWhilst attempting; unsuccessfdlly.“o'isolate a'type-c

- toxic - straxn(s) of Aphanizomenon flos-aauae trom blooms -

c‘collected from Lac La Nonne, Alberta, 67 . out of the 73

colony 1solates that grev vere 'taken-over .by dxtferent L

sxze«end colour forms ot another cyanobaqterxum._.f”

Pseudanabaena catenata Lauterb Tvo of these Pseudanabaena ;3ti

_cultures showed convulsant act:vrty vhen xn;ected
1ntraper1tonea11y 1nto mxce. ' »

Attempts to xsolate the convulsant producxng straxn :

\

faxled vae ot the ma)or Gran negatxve bacterxal

'Cn

contamxnants were also tested and shoved no convulsant

i .
< ) Lo 7 - -

.; Four wxdely cxted methods for obtaxnxng axenxc straxns.

'vere unsatxsfactory vhen tested vxth P. catenata. Attempts _T

'ejwere made to devxse a more. relxable procedure based on*

| ggentle vash1ng ot txlanents rather than selectxve
‘ elxm1nat1on of contan:nants by treatuent vtth chem:cals or-

radiatzon. As feu as three grav:ty uashes uxth culture

".medxum usxng Mxlllpore or Nucleopore nembranes caused

extens:ve stasxs or lysxs. These effects vere overcome by 4_'?Q7

.the eddxtxon o£ such colloxds as dextran, |
polyvxnylpyrrolzdone and Fxcoll to the weshxng ledxum.fd‘

"'Optxmum protectxon vas provxded by 1! dextran (uw 81 600).

- fP catenata uxthstood lo vashes vxth dextran vhxch reduced ﬁ%f;

ﬁd_the bacterxal count trom 15110‘ to 15 per nl After veshxng!;td{'

—

'dvxth dextran, sxngle fxlament 1so1ates vere nade from

4, .-

"f1V14f7

v e




EffOVerlays on a washed agar conta1n1ng mlnerals and tolerable

T

'“ilconcentratlons of v1tam1ns and peptones (called - 2. Agar)‘-‘e

s Isolates were tested for contam1nﬁtron by streaklng and

S I

r"

~nncubat:mg, for one month or longe% on Plate Count Agar,
..Nutrlent Agar, Tryptxcase Soya Broth Agar and a h1ghly -
jtenrxched agar called P-3 Agar +5011 extract at d1fferent'
‘pH'S and temperatures.;_ o ‘;; ‘ ‘ “
S Eleven functzonally axenic stralns of P. catenata were L
obtalned by thsﬁ procedure.lEach stra1n exh1b1ted a greater d
;JpH tolerance after ‘the contamxnat1ng bacter1a had been-. o
Angreatly reduced or e11m1nated from the culture medzum. Wlth
rslzght modzflcatlons,‘th1s dextran wa;hlng and test1ngf-‘
’method has been successfully used to pur1fy stralns of.;

‘_ -._Aphanlzomenon )‘Ios-aquae and Anabaena sub cyl mdmca. o
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“aiitoxin (Schantz ‘et al.1975), the paralytic*shellfiéb‘

v jcells (Carm:chael and Bent 1981) Thls suggested~thev

1. Introduccjon'

Cyanobacterial toxins have long been associated with

the death of lxvestock andmylldllﬁe in_several cogngriese

o These toxlns 1nclude hepatlc tOXIHS (pept1des) neurotoxic'

alka101ds and llpopolysaccharxdes. The most\recent revzews
~on tox1c freshwater cyanobacter;a are by Collins (1978)
Gorham and Carmlchael (1979) Carm1chael and-Gorham (1979),

and the proceedlngs of an 1nternat1onal conference on 'The

Water Envrronment: Algal Toxins and Health' (1981). Section’

2.1 presents a survey~of the lirerathre on theweubjecta
Aphanlzomenon flos aquae L Ralfs. has been 1mp11cated

in many. pozson1ngs (Savyer et al 1968). Recen.lyh a‘stra1n

has-been-found tbat,releases a powerfgl neuromuscular:

. blocking agent whose properties are similar to those of

p01son 'produced by the marine dlnoflagellates Gonyaulax '
catenella Kofold and G tamaﬂenSIs Lebour |
.Gorham et al' (1982) (Appendlx 1) £ound that durlng the
éuamers‘of 1979 and 1980 blooms domlnated by Aphanlzomenon
flos aquae from Lac La Nonne (80 km. NW of Edmonton
Alberta) exh1b1ted Mrcnocystls type~c tox1c1ty to m1ce

(Carm1chael and Gorham 1978) and agglutlnated red blood ;_

' p0551b111ty that there vere type-c toxzc stra1ns of

phanlzomenon flos-aquae in the lake. A search for type-c

toxxc stra1ns of Aphanlzomenon from th1s lake was undertaken

_-be_maklng a total of_128 colony ;solates,from_f1ve,blooms B

1}



collécted at various times throughout the summers of 1980
and 1981. Only 73 of,the 128 colony. isolates survlued-one

month later. of these, six uere~Aphanizomenon and all‘were

non toxic. The remalnlng 67 had been completely taken over
by a small celled spec1es of. f11amentous cyanobacter1um that
| most closely resembled Pseudanabaena Catenata Lauterb. Among '
ﬂ'the 67 “take -over cultures,_two were found that produced ’
‘v1olent convu151ons but no. type-c act1v1ty when 1n3ected
1ntraper1toneally 1nto mice. One of these two '
‘convulsant produc1ng cultures had haemagglut1natlon

' act1v1ty Th1s demonstrated that haemagglutlnatlon and.
fAtype c act1v1ty, as observed by Carm1chae1 and Bent (1981)

- were not 1nvar1ably llnked. ‘ . - I -5:f‘
| .To stab1l1ze growth{and toxiclty”of a new Strain of
cyanobacterlum and establlsh the source.of tox1n it is
inecessary to ach1eve an axenlc, or more reallst1cally, a
ffunctlonally axenic state. A functlonally axenlc straln ls
7_-def1ned as one hav1ng no. demonstrable mult1ply1ng-
comtamlnants but p0551bly harbourlng one or a few ‘
contam1nat1ng cells 1n a- st te of sta51s under the,;
L"preva1l1ng cultural condltldns.? o o

"t Attempts were made to 1solate a functlonally axenlc
stra1n of toxic P catenata u51ng many of the publlshed
methods mentloned 1n the 11terature survey in sectlon 2. 2
but the. results were unsuccessful From one of the tox1c
cultures;_14 non-axen1c”51ngle-f11ament-1solates of‘P.

catenata were obtained but all were non-toxic. At the same:



time it was found that both of the culture nes that
'orlglnally had convulsant act1v1ty were no”longer toxic,

‘presumably because of selectlon and/or take over by

non-toxic components durlng subculturlng Attempts were made
‘to recover the convulsant act1v1ty by 901ng back for 1nocula
to old subcultures that had been retalned ThlS, too, was
funsuccesful Further attempts to 1solate a functlonally
’dakenic stra1n of tOXlC P. catenata ‘were abandoned '.
Four w1dely c1ted methods for obta1n1ng functlonally
x'axenrc cultures,. s°Co gamma radlatlon (Kraus 1969, 1976)
~sulph1de gradlent (Parker 1982) ant1b10t1cs (Vaara and
Vaara 1979 Rlppka 1979) and phenol (Carmlchael and Gorham
“1974) were examlned u51ng a straln of P catenata and other
Wplanktonlc cyanobacterla. Since none of these methods gave
satlsfactory results, effort was concentrated on 1mprov1ng
the washlng ‘and spatlal separatlon technlques of Carm1chael
and Gorham (1974) Two gentler washlng procedures were
,developed However, ‘washed f1laments 1n nutrlent medlum ‘ib'
hiexh1b1ted sta51s,1clrpp1ng and lys1s w1th1n a few hours
after suspen51ons w1th low bacterlal counts were m1xed w1th o
i;:equal volumes of washed agar medlum and poured 1nto Petr1

'dlshes. Unwashed fllaments plated in the same way grew

"normally, albelt in the - presence of hlgh numbers of

; >_bacter1al colonles. No 1mprovement was achleved by wash1ng

: w1th used med1um that had flrst been rendered ster1le by

"flltrat1on through.a.1r27gm Mllllpore membrane;’



As a follov up - to. th1s publ1shed work (Gorham et’
L ,@

5 1982) (Appendlx I) t was dec1ded to: examine. two Y

Y » . @ » " e '
partlcular aspects. One was the quest1on of whether<ggynot

,the bacterla were 1nvolved 1n ‘the productxon of toxxn 'y one
Y g’ i o, . =

of the cultures of P‘ catenata that exh1b1ted convuls ht
e SRS

act1v1ty. The approach wa//to 1solate and mass culture ‘the

£
pr1nc1pal contamznants and test them for tox1c1ty by -

'1ntraper1tonea1 1n3ectzon of extracts 1nto mxce. The other
aspect was to cr1txcally exam1ne the four prevxously
mentloned methods for obta1n1ng axenxc cultures and attempt
to. adapt and 1mprove the ones that appeared the most '
prom1s1ng for use with P. catenata and other planktonlc
cyanobacterla.‘-" | | '_ _ ' |
| _ H1ghvmolecular-we1ght collozds of low osmot1c potent1al'-[r

| have been used for many years 1n the 1solatlon of | .

"del1cately-membraned cells and organelles 1n both plant and frd

fmammallan phy51olqu (Honda et al 1966 Allfrey et al. .

_1964) Workers have suggested that these c01101ds prov1dejf{h'g:

B protect1on to the membranes, sh1eld1ng them from the |
physxcal and osmotzc stres&es 1ncurred durzng 1solat1on.

:Selected grades of these cclloids 'were, therefore added to

f‘washxng med1um to determzne .4 anybwould act as cell '

.envelope protectants for the cganobacterlal fxlaments. .

v In prellmxnary work it was found that the 1nclu51on of

."1% Polyv1nylpyrrol1done (PVP) (M.W.40, 000) in the washlng

Lmed1um prov1ded protect1on aga1nst cellular damage to a

'stra1n of P catenata as Judged by greatly 1ncreased



filament viabilityr-h syStematic Stndyivas}'therefore;»
.:undertaken to examxne thxs and other h1gh-m61ecular?we1ght

_”colloxds for therr value as protectants dur;ng

gravxty—washlng of P. catenata and other spec1es of .
-i:planktonlc cyanobacter1a. The 1ntentlon was to determlne the
.optlmum type grade molecular wexght concentratlon and
- mode of action o£ these compounds. The poss1b1l1ty that the
faxlure of ant1b10t1cs and antlsept1cs could be . reversed by
;the 1nclu51on of h1gh-molecular wexght COllOldS was also L
examlhed.,d | | o ‘, -

Attempts vere then made to 1mprove the med1a andl
"methods for 1dent1fy1ng the presence of contamlnatxng
lbacterza and for retr1ev1ng from agar v1able~cyanobacter1al ~7’
"colon1es that . were apparently bacterla-free. The : .
ra1mprovements uere then comb1ned w1th the most successful
d vashlng procedure to produce a more rellable method for

'9'obta1n1ng functxonally axenlc clones of P catenata and

'other plankton1c specxes than ever achzeved before.,d'



| 2. Literature Survey

2 1 Toxic cyanobacter1a

Outbreaks of cyanobacterlal p01son1ngs have been

f~\documented world w1de 51nce the late 1800 s,:w1th the -

‘.major1ty of references appearlng S1nce the late 1940 S. Of'

. the several genera of. cyanobacter1a that have been

‘avvlmpl1cated w1th the death of llvestock waterfowl and fish,

4 .
tox1c 1solates have been cultured 1n-on1y.three; These are -

Mlcnocystfs aenuglnosa Kutz. ‘emend. Elenklﬁ¢ (1ncludesf

- Mlcrocystls toxica Stephens) Anabaena flos—aquae (Lyngb )

i‘de Breb. ‘and Aphanlzomenon Flos-aquae (L ) Ralfs. Slckness; o

:fand p0551ble death occurs . when tOXIC stralns of common e
specles domlnate ‘the bloom suff1c1ently to prov1de v thf?
“above threshold levels of phycotoxlns to susceptlble o
'anlmals.‘,"t'.} ‘g'~ﬁ; h | |

Ty

A The early ev1dence.of tox1c1ty assoc1ated w1th :

r'cyanobacterla came exclu51vely from f1e1d observatlons. ltm

e _was noted that llvestock wh1ch watered on ponds wlth

"fexten51ve cyanobacterlal populat1ons became 111 and

c;frequently d1ed w1th1n a few hours of consumptlon. Franc1s

'(1878) reported that a- thlck scum of Nodularla spumlgena onnrdd

‘ Lake Alexandrla, Austral1a, was respon51ble for the deaths.ﬂu

'li'of sheep, dogs, horses and plgs. At about ‘the same t1me o

SvPorter, Arthur et a7 (1886) reported that GloeotFlChla

s ~echlnulata was respon51b1e for the deaths of domestlc

"_jf_anlmals in Mlnnesota F1tch et al (1934) reported that a



bloom of COelosphaerlum'kuetzlnglanum vas responsxble for 1
‘mortal1t1es of sheep, chxckens and hogs in Oaks Lake, |

Mxnnesota during the summer . of 1918, wh1lst the cattle';;

deaths in Mxnnesota (1930 31) could be attr1buted to
'*Micr'ocystis aer'uglnosa and nnabaena flos-aquae Steyn (1945) ,
stated. that MICPocystis toxica was respon51ble for the death

'of thousands of sheep and cattle 1n the Vaal Dam reg1on of

':South Afrlca sxnce the turn of the century. South Afrlcan

’horkers headed by Louw (1950) however, were among.the flrst -
f'to try to 1dent1fy a phycotoxln released by a ' » .
.Hicrocystls-dom1nated bloom in the Vaal Dam. They concluded o
that the . tox1n was an hepatlc alkalo1d ‘This was later o
hyproved to be 1ncorrect when Hughes et al (1958) were able to;f
1obta1n a tox1c colony 1solate, des1gnated NRC-'* from a~
'¢/nad1an lake. The toxxn, 1n1t1ally 5alled Fast Death |
thactor(FDF) later renamed m1crocyst1n (Konst et al 1965)
:hproved to be one of fxve, closely related | |
.vllow—molecular-we1ght peptxdes hav1ng propertles that l‘
;suggested a cycl1c structure (Blshop et al. 1959) The tox1n |
’}’produced enlargement and congest1on of the 11ver thh |

flj]necros1s of the hepatlc cells and punctate haemorrhages thatd#

,:'fwere constant and pathognomlc (Konst et“al 1965) More

”recently, Carm1chael and Gorham (1978) have 1solated stra1n5“
of Microcystis aeruginosa £rom lakes 1n Alberta and | |

';Saskatchewan wh1ch produce s:gns of po1son1ng that dlffer s:. |

’e7-from those of. m1crocyst1n Death is by card1ovascular

:collapse,’w1th s1gns of some l1ver damage 1nd1cat1ng\a‘{,.i



'-»tWO—fold nature to the toxin.‘Since,the'Symptomsfc105ely<.
resemble those of Anabaena type c tox1n,~it has been

de51gnated Mlcrocystls type-c toxln.d”

Runnegar-and*Falconer (1982)—1nvest1gated*the_effeCts'b
of a toxin. from a Mlcrocystls bloom" (that occurred 1n an 'pﬂ{“
‘Australlan reserv01r) -on 11ver sl1ces,“1solated J -
m1tochondr1a, and mlcrosomes from mice. The tox1n affects
hepatocytes in VlfPO in a spec1f1c way cau51ng deformatlon

k1n a-dose-dependant»manner; The pept:de toxrn was shovn-to-‘
'rhave no- 51gn1f1cant 1nfluence on the major metabollc'}
;functlons in the llver 1nd1cat1ng 1t 1s a cellular ratheh hf
'»than metabollc tox1n. | | | | .
S Over the Years, confu51ng results have been reported
.“about the structure of‘mlcrocystln and‘other tox1c peptldes
*produced by stra1ns and blooms of Mlcrocystls aeruglnosa ;,
tt,Eloff et al. (1982) and Botes et al (1982) have recently
tshown that one of the pr1nc1pal reasons for the var1ab111ty.i.
.;:IS that dlfferent stralns produce m1xtures of chemlcally T
”frelated tox1c peptldes (whlch can be resolved by hlgh |
mperformance 11qu1d chromatography) However, flndlngs of thejﬁ
iv‘two groups dlffer 1n several 1mportant respects, ‘ ;c~tg";j-'
j'Ipart1cv.\lar:ly as to the molecular welght, amlno acld Ll
. ;comp051tlon and sequence, and whether or not there 1s a
,‘20-carbon non- peptlde mo1ety as part of each e
| Anabaena flos-aquae has been studled as a toxlc.“
;fcyanobacterlum by many workers 1nclud1ng F1rk1ns (1953)

| :Rose (1953) and Olson (1960) but Gorham et ‘al. (1964) were }
. e o



o the'first to report a toxiC‘colony isolate The tox1n,
1n1t1ally called Very Fast Death Factor (VFDF ),'and later -

renamed anatox1n a (Devlln et al. 1977) 1s a powerful

~——post synaptlc depolar1znng~neuromuscular—block1ng—agent

whlch causes death by resplratory arrest (Carmlchael et

al 1975) It 'is an alkalo1d 2 acetyl 9-azo- blcyclo (4. 2 T. )'l“f'

_: non -2 ene, hav1ng a molecular we1ght of 165 (Devlln et
al . 1977). Two syntheses of anatoxln—a have been publlshed )
(Campbell et al. 1977 Bates ‘and’ Rappaport 1979) It producesv“
‘a post synaptlc depolar151ng 51gn of op1sthotonous and : ’

_ muscular r1g1d1ty in av1an spec1es such as duck and ch1ck
| By this pharmacoloalcal 51gn and others;‘such as |
llachrymatlon, chromodachryorrhea (bloody tears) and

;; sallvatlon, and by dlfferent surv1val t1mes w1th mlce, rats -
and ch1cks lt has been p0551b1e to 1dent1fy three, and ‘
p0551b1y f;ye, addltlonal anat0x1ns (Carm1chae1 and Gorham

1978 Carm1chael 1982) prov151onally called _f{,?'

'i anatoxlns-a(s) h—b(s) -C, and -d

"w.".l

h“a The - th1rd major bloom—formlhg spec1es, Aphanlzomenon ﬁj_',f'b

‘flos-aquae, has been assoc1ated w1th tOXlC outbreaks for
many years, but unt11 the late 1960 s no tOXIC 1solate had ;Tl
been recorded Sawyer et al (1968?’1solated an . atyplcal R

n:non colony formlng,lnon axenlc clone of the spec1es from ;:;r
New Hampsh1re lahe. The toxln produced 1s called aphantoxlnfil'
(Alam et al 1973) It has chem1ca1 and pharmacologlcal

propertles whlch resemble some,zlf not all of those .

| Possessed by samtoxm (Schantz ‘et al 1975 Schantz 1981) o
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'H;hich'is produced by the-marine dinoflagellates GonyauIaX’
'catenella. and G tamarens:s. Work by Gentlle and. Maloney L

“(1969) 1nd1cated that aphantoxln was. released only from aged -

_m_or_lysed_cells._More_recently Alam et_all11933+1918l_and

Alam and Euler (1981) demonstrated that aphantox1n con51sts
of a mlxture of sax1tox1n and some of 1ts der1vat1ves,

espec1ally neosax1tox1n and gonyautoxln II (Carmlchael

o
..

1982) v
Aphantox1n has: recently been studled pharmacologlcally
by Carmlchael (1982) HlS work 1nd1cates that aphantox1n has;?
agonlst propertles on ch1ck b1venter cerv1cus and gu1nea p1g_p
1leum muscle preparatlons..These results are in contrast to
. results with saxltoxln. The latter has been found to,
spec1f1cally block sodlum channels (Gentlle and\haloney
\1969 Sasner Jr._et al 1981), and has llttle effect on these
r} muscle preparatlons. Carmlchael suggests that hlS results
‘can be explalned 1f aphanto&1n has an effect on ca1c1um as
well as sodlum channels. | | |
| There are reports of.. tox1c1ty produced by several other;
:f‘specles of cyanobacterla (Schw1mmer and Schw1mmer 1964 |
| Carmlchael 1982) Be51des mammals and blrds, 1nvertebrates_"“
i (Lambert 1981_ Ransom et al 1978) true algae and other |
spec1es of cyanobacterla (Mason et al 1982) may Be affected .
_ The only reported 1nc1dence of tox1c1ty concernlng e
Pseudanabaena 1s that of a bloom of MlCPOCYStlS farlowrana
and Pseudanabaena Franquettl from Lac~du Bourget (Sav01e) 1nf:

France whlch was found to 1nh1b1t benthlc fauna (Gevrey et
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al.1972, Michelpet 3]41972). Experi@ents-indicated that one
- or ‘several toxic/gactors liberated‘hf?the’deathlof the .
cyanobacterial cells‘killed fish, chironomid larvae and_

.‘molluscs (species of Anodonta) The snails died within 48

-hours, the1r death preceded by a general paralys1s. The ‘
k tox1c factor(s) was thermore51stant and :soluble in vater
“Wlth only the~lysed cells exh;b1t1ng toxzc actlon.

-

2.2 Isolation and'Purification of Cyanobacteria

'Past experlence with studles of toxic_ cyanobacterla has
h,demonstrated the need for obtalnlng axenlc or, at least’U
"functlonall) axenlc stra1ns to establlsh the sourc; of the
1tox1n and to help stablllze growth and tox1c1ty of mass |
”cultures._The prlmary obstacle to obta1n1ng a funct1onally
.axenlc culture 11es 1n the successful e11m1nat1on of the "
hhrelat1ve1y h1gh populatlons of free 11v1ng<or aSSOC1ated .
"d_bacterla wlthout cau51ng damage to the de51red |
| cyanobacterlal cells (such as cau51ng them to lyse or enter

"a perlod of prolonged stas1s) Recent work by Ecker, Foxall‘

'rand Sasner (1981) has prOV1ded a ser1es of electron

'*.mlcrographs of glutaraldehyde flxed fllaments of three

’jspec1es of cyanobacterla that show bacterla adherlng to the7

.extracellular muc1lagenous layer Whlch 1s present with many

t_spec1es.»Pearl and Kellar (1978) and Ecker et al (1981)

'hlhave 1nd1cated that bacterla assoc1ated w1th heterocysts of ; S

-#Anabaena and Aphanlzomenon a551m1late am1no ac1ds and sugars n

’ as well as’ 1ncrease the eff1c1ency of n1trogen flxatlon. The
. , /1 :
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w . N .
mature heterocyst wall in these species has been reported to

-

'contain more than 70% glucose compared with 35% in the

These—two;factors

——~—vegetative_cerf—'
combined with the n1trogen f1x1ng ab111ty of heterocysts may
‘account for the presence of bacterla attached to. these |
cells. It is entirely cpnce}vable, therefore, that some
cyanobacteria are obligate aymbionts (Ecker.et'al.19815.

Leppard et al (1977) and Massalask1 and Leppard (1979)
have provided proof of the ex1stence of electron opaque,
nonrr1gld microfibrils of_approx1mate1y.3 to.10nm'1n'

_ diameter which are found in abundance-in-the oUter,celi
en?eiopeﬁof certainvspecies of - freshwater algae,-
cyanobacteria-and mfcrobes.AInd1v1dual f1bres may form a
complex mesh-iike aggregate whlch can break apart and

re- assoc1ate. Mesh llke aggregates also4@ppear to adhere to
cells, thereby further 1ncrea51ng the p0551b111ty of vi -
oacterlal assoc1atlon. o

‘ The pur1f1cat10n of cyanobacterra is esaentlal to avoid
p0551blé compllcatlons assoc1ated with the presence of
-contamlnatlng m1croorganlsms.and varlous methods have been
hemployed by workers to reach this end | . B

Kraus (1969 1976) and Lange (1976) have reported that
approprlate doses of: gamma radlatlon w1ll selectlvely
e11m1nate a-bacterlal flora, leav1ng a populatlon of v1ab1e,
axenlc cyanobacterla. Kraus reported a tr1 level var1at1on'
vA1n spec1es susceptlbrl;ty to,rad;atlon,bwlth the.h1ghest

xdosage,'1200krads, completely removing any bacterial'
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'presenCe, whilst-leaving the test species of'cyanobacteria
axenlc and v1able. However, it.must be noted'that only
‘—-—Anacystls mdulans and-an-QOscillator Jasp —were- able_to__»w%_
| surv1ve such hlgh dosages. Alltplanktonlc forms wer f r' |
more susceptlble to rad1at10n damage and lysis at. dosa es in
‘ excess of 300krads. ;3 s o | o

-~

‘The use of antlbiotics to'obtain bacteria-free cultures ;
of algae and cyanobacter1a has been reported by several | '
authors (Carmlchael and Gorham 1974) Provasoll et al (1951)
found that the use: of approprlate comblnatlons of the |
;ant1b1ot1cs pen1c1111n,-_treptomyc1n chlorotetracycl1ne,
chloramphenlcol bac1trac1n and polymyxln resulted in the .
ellmlnatlon of both Gram- p051t1ve and Gram- negat1ve : 4f.
t bacter;al contamlnants'from algal andrprotozoan cultures: '
"_Hoyeyer,'Tchan:ahd Gouldvk1§61)vand Hunter andiMCVeigh::--,7;
(IQGH)_répsrted‘that the inclusion'of antibioticslin the -
.culture medium-of'cyanobacteria proved to be ﬁoreginhibitory -
“to the cyanobacterla than the bacterla. | ” y |
f\': ' Vaara and Vaara (1979) have recently reported that the
addltlon of the antlblotlc,:D cycloser1ne; to a cuIture 1s
an effectlve way of reduc1ng 1ts bacter1al populat1on o
Results 1nd1cated that 13 stralns of Pseudanabaena could -
effect1vely be termed axenic after treatment w1th . |
"’cycloserlne in tryptone yeast extract glucose broth (TYG) in
the dark to select for obllgate photoautotrophs. o

Pur1f1cat10n of these stra1ns employed the general

' pr;nc1ples-ofvthe cla551c antlhlotlc enrlchment method[i
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originally'develooed for isolation of auxotrophic bacterial
mutants (Hopwood 1970). More recently, Rippha (1979) has \
_____ also_lndlcatedlthat_the antlblotlcT_amplcllllnr_can_____l__u_;_
effectlvely be used to pur1fy cyanobacterlal_stralns‘
.followlng the procedure of Hopwood. |
" Parker - (1982) ‘has recently reported that MICPocyStIS
fcan be successfully treated w1th sodium sulphade and N
-fsulphlte to eelectlvely ellmlnate qontamlnatzng bacterla.
Thrs method‘employs a nutr;ent‘agar pla&e\conta}nlng 2mM.g
v’Asodium sulphite ‘upon which a drop'of 2M éodium'sulphide is -
'placed at the centre and allowed to diffuse outwards. The‘
- complex radial gradlents of pH sulphzde and sulphlte
;°fprov1de a .zone of bacterlal suppre551on ‘and- 1lysis. whllst
hallowlng the cyanobacterlal cells to reta1n v1ab111ty |
The cultur1ng of certaln cyanobacter1a on agar medla
'has been employed by: phycologlsts for ‘many years. However

f

bflt has also been noted that certain plan}ton1c forms could
.blnot be rellably grown onragar. Early work on‘agar culturlng'
lﬁwas carr1ed out. by MeB Allen (1952) and M. M. Allen (1968)
The hatter d1scovered that the tOXlClty of agar to’ Anacystls’
.'l'nldulans could be reduced by autoclav1ng the agar and .
nfmlneral nutr1ed&s separately Stanler et al (1971) utlllzed -
this method to successfully produce axenlc cultures o// i
f"e'rnon-motlle cyanobacterla by early transfer of colon1es
performed under a d1ssect1ng mlcroscope together w1th |

fnumerous restreaklngs to selectlvely ellmznate ‘the S

contamlnatlng bacteria.
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Carmlchael and Gorham (1974) have reported that agar

contalns water- soluble 1nh1b1tors that can be removed by

w

'washzng the agar ‘in dlStllled water.: They found that

cyanobacter1a1 colonxes, developed from szngle fllaments
- well. 1solated from bacter1a1 colon1es when poured in washed
agar,:could be selected by{usrng‘an 1nverted m1croscope and .
e removedtin agar cores‘to‘steriledmedlum by use of a.Pasteur ‘
..plpette. | | o B N
Allen and. Gorham (1981) dlscovered that the’ tox1c1ty in
agar was generated by:heat—lnduced chem1cal reactlons. They
'fouﬁa the’flter of lvtic*agent(s) to‘beca_functlonlof~ :
temperature,’duration“and repetltion of.heating:'The lytic
‘agent(s) could be removed by repeated 1each1ngs w1th ;7
"pur1f1ed dlStllled water. Care must be taken to sterlllzev
hl_washed agar by germ1c1da1 uy rad1atlon and to barely melt 1t«
*lat 70 C in a mlcrowave oven to av01d the generatlon of a
fresh batch of lyt1c agent(s) S ‘hzuf"f - . j )y
| - Koch (1965) and Vaara and Vaara (1979) reported ‘that
-.some fllamentous cyanobacterla have been pur1f1ed by taklhg
"advantage of the1r v1gorous glldlng movements and 1nduc1ng |
z’fphototactlc mlgratlon of trrchomes. A small patch of
:materlal was placed on scored agar at one 51de of a Petr1
’dlsh wh1ch was 111um1nated from the opp051te 51de..The .
cyanobacterla responded by glldlng across the plate towards-
‘the reglon of hlgher ‘light- 1nten51ty. As soon as some of thei'.

organ1sms reached the opp051te side - they were removed-from :

the agar and_subjectedfto a repet1tlon ofgthe same"
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procedure{"The gliding movement of the cyanobacteria allowed
some filaments to outgrow the bacterial contaminants

resulting in an axenic culture. Vaara and Vaara (1979)

clalmed that by u51ng thlS way they were able to purlfy
spec1es of the- follow1ng genera. Pseudanabaena, OSCIIIatOPIa |
and Anabaena._h o | | o | |
It has been found that phenol 1s more tox1c to actlvely
' *leidlng bacterlal cells than to non-d1v1d1ng’cells (Hobby
et al 1942)- Carm1chae1 and Gorham . (1974) based thelr method
‘for obtalnlng axen1c cultures on thls d1fferent1at1ng effect
jof pheno! By treatlng suspen51ons of bacterla and
cyanobacter1a 1n a nutrlent r1ch medlum in the dark
'actlvely d1v1d1ng heterotrophlc bacterlal cells become more
‘susceptlble to phenollc attack than the non- d1v1d1ng |
:_fcyanobacterla. After wash1ng,vd1sper51ng in- pour plates
prepared w1th washed agar and 1ncubat1on, fllaments were
1solated by cor1ng and tested for axen1c1ty by | ~
phase contrast mlcroscopy and a battery of bacterlologlcal
© -media 1ncubated at dlfferent temperatures.tlt F_l ' l ‘f.: S
Carmlchael and Gorham (1974) and Gorham et al (1982) _i “ﬁ_ﬂ
7;have reported upon the use of wash1ng processes to remove"n \A
'antlbacterlal agents or “to serlally dllute bacterlal |
»?contamlnants from a. culture of cyanobacterla. Although
_:;serlal dllutlon succeeded in greatly reduc1ng the bacterlal
.count it also caused some. form of damage to the cell - |
bljlenvelopes o% the cyanobacterla, resultlng in sta51s and

L)

',more frequently, ly51s.
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In'a‘variety of biological-situations} inert

"bjnon 1on1zed polymers of- hlgh molecular we1ght .are utlllzed

as protect1ve c01101ds. Some rather well def1ned substanceS‘v

with such propertzes are read11y avaulable Most of these,
_.however, even in moderate concentrat1ons, yield h1gh1y
dv1scous solutlons whlch may be dlsadvantageous for some

v appllcatlons F1coll and Polyv1nylerrolldone (PVP) have

been used as stab1l1zlng agents in prote1n solutrons and in

Vo

- the preparat1on and pur1f1cat1on of 11v1ng cells and cell

:fragments (Honda et ‘al. 1966, Ketchum and Holt 1970) ngh |
;molecular we1ght polymers of D- glucopyranose,'synthes1zed
-from sucrose by a number of bacter1a1 spec1es belonglng toL
‘-the fam1ly Lactobac1llaceae and named dextrans, have also
‘ vbeen used as protect1ve c01101ds (Ponder 1957 Ramp11ng-and l‘
”,'dSlrs 1975, and Oglso et ai 1977). At hxgh molecuIar we1ghts
B these c01101ds do not- permeate cell membranes and exh1b1t
'very 11ttle osmot1c actlon. They have been used 1n the |
gl[preparatlon of axenxc, morpholog1cally 1ntact nucle1 from

fsp1nach mesophyll cells (Honda et al 1966 Albertson 1971)

~”Suggest1ons by prevzous workers, Reardon et al.: (1979) havel

vv;1nd1cated that m1croalgae .can successfully be 1solated by

h-centr1fugat1on utlllzlng h1gh molecular—we1ght collo1dal

"'substances. A greater 1nc1dence of membrane 1ntegr1ty was -

s”achleved after centrlfugatlon, 1nd1cat1ng that the c01101d

‘had’ acted as‘a membrane protectant' shleldzng the cells
:from the phys1cal damage 1ncurred durlngrthe separatlon

"'process. In a follow—up to the work reported by Gorham et
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‘~ai; (1982):étasishand‘lysis'of cyanobaétepia cauéed'By
gentle.véshing‘cbﬁld‘be'prevented!by'thé inélusion_qf an

appfopriate cbhcéﬂfratiqn and molecular weight of”PVPjin'the,

‘nutrient medium for washing.

1 4



3.'ﬁaterials_and'xethods

3.1 Cyanobacter1al cultures and thexr sources

_ The follow1ng cultures,.1solated from Lac La. Nonne,
‘were used°“' | ' | :
Pseudanabaena catenata Lauterb A81-15(B1) and stralns -
(szngle fllament 1solates or re- 1solates de51gnated by
appended letters, numbers, letters,”such as. -g- -22- b)
Aphanizomenon flos—aquae Ralfs. AB1- 31(C5) |
';Other cultures used for purposes of comparlson were.pi
: Anabaena flos-aquae (Lyngb ) de Breb., NRC 44 1
Lj(straln) | _ | | :
:‘Anabaena sub—cyllndrlca Borge A78 1(stra1n)
lelPseudanabaena catenata Lauterb CCAP 1464/1 ;‘
‘-Pseudanabaena bnunea (auct’) CCAP 1464/2 f. |
-The last two cultures were obta1ned from the Culture
| {Collect1on of Algae and Protozoa, Cambrldge, England and
.-were 1solated by E G. Pr1ngshe1m | ' .
153 2 Ident1£1catxon of Pseudanabaena Isolates

The 67 Aphanizomenon flos—aquae cultures that were

.wfcompletely "taken over (Table 1) by a speC1es of

’-cyanobacterlum that most closely resembled Pseudanabaena o
' ,catenata Lauterb (Geltler 1932) were exam1ned ' ‘
gmacroscoplcally and mlcroscoplcally w1th phase contrast and

-,Nomarsk1 OpthS.. f-

19
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Table 1. Colony 1solaces of @phanizomenon blooms collected from

Lac La Nonne, dnd "cake-overs" by Pseudanabaena catenaca}'

v
‘ 'Aphanizomenon - Pseudanabaena
. ' : A . i". \ . . V .
" Dates . 'Number of Isolates Take-overs
ETR " "Blooms ‘ After After’ ~ After
. Year . “Collected ~Initial 1.wk. 4 wks. "4 wks.
1980 . Sept 17 264 6 0 6.
1981 . July 27 -, . 36 - 16 4 2
7 aug 27 37 20 0. 19
- Sept 27 45 13 .2 4 .
- Sept 27 - 12 12 0 12
‘ot .6 26 - 2 0 24
‘Totals! 178 8 . 6 67

1Isolaces not accounted for wete discarded because
ating green algae or. proc0zoa - : .

of;lysis}icontamin-'v.s



25 x 107 per ml ) and 1ncluded many d1fferent specres. The

The'"takeéover 1solates appeared yellow green,:
green brown or brown purpllsh in suspen51on (Plate 1) and

after lyophlllzatlon (Plate 2) and exhlblted poor to good

’(growth_—Bacter ‘tamlnants ranged trom trace to 5+ (ca.

-flexuous fllaments cons1sted predom1nately of somewhat

'-f1rregulgr cha1ns of" subcyllndrlc cells w1thout heterocysts,

&+ o .
akinetes or- obv1ous sheaths. Occa51onal Jerky bendlng and

(stralghtenlng or wav1ng movements were seen in a few mounts.d

| " The cells ‘were 1. .4 to 2.5um in dlameter x 1.3 to 2 5 or 1. 9 S
rito 10 0, occa51onally to- 34um long, w1th or w1thout somel
1rregular (bulged, curved S shaped branched or cocc01d)_
jcells and m1sshaped t1p cells. There ‘were' f1laments wlth/ :

ﬁcells that were w1thout and fllaments w1th cells that had

[fa1nt to. prom1nent polar and/or sub polar gas vacuoles,

.h‘hand/or falnt to- promlnent random gas vacuoles (Appendlx 2)

The absence of prom1nent polar gas vacuoles and the 5
" e

"ﬁpronounced purple colour of. the freeze drled suspen51ons of -

"take~over culture A81-15(B1) and fllament 1solates from 1t._

’ “1nﬂt1ally caused ‘the cyanobacter1um to. be referred to as'

}:Pseudanabaena Sp (Gorham et al 1982) However, comparlson

-aof stra»m A81-15(B1) g (Plate 3) WIth Pseudanabaena catenata

,uLauterb CCAP 1464/1 and Pseudanabaena brunea (auct 7) CCAP_l

1464/2 (Plates 4 and 5) and the other "take over" 1solates

f_made 1t seem that all were forms of P ‘catenata Lauterb
’that vary: 1n cell dlameter, cell length shape_of-trp:cells,

‘gas vacuoles, plgments and mot111ty.



aPlate 1 . L - ; B "‘* L :-‘:'r '\;

.To i&iustrate colour differences between a culture of Aphanizomenon flos-aquae
'A81-31(C5) " (left 2—litre flask). and a "take-over" culture of Pseudanabaena '
catenata (right 2-litre flask) ' s '







"Plate g T e ey
.'1Freeze-dried powders illustrating the colour differences between four stralns '
"‘of Pseudanabaena caténata "take—over" ‘cultures - (left) and an Aphanizomenon '

flos-aguae culture (far right) “_.'*p'~ S E .

as
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Plate 3

Non~toxic clone.of’PSéudaﬁabaena cafenatavLauterb."A81-(Bl)-g (a brown- °
purple form) Isolator: . P.R. Gotham. : o : o

" a) = Phase Contrast 1000x . T

Fragments and one. long flexuous trichome con31st1ng of chalns of
regular subcyllndric‘cells of varlable length No gas vacuoles. are
.clearly’ dlscernable. ) C : ‘ ‘

'-byf;;Nomarski 2560xw

: B - : : _ L

: Two ‘tricho that show a difference in diameter. Random gas vacuoles
. appear as sh | low depre551ons."Prqminen; polar gés‘vacuoles-appear,as
deep depre351ons. o I g IR : e

LI )
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. Plate 4

_Pseudanabaena catenata Leuterb; CCAP 1464/1 (e,green fo?m) Isolator: . E,G. e

Pringsheim.

i

. b)

" Phase Coﬁ:rase 1000 |

1 pheric spots at bottom ends.. Bright’ spots in and between cells are :-h'sigl
'random and/or polar gas vacuoles. » : S

\

»fShort flexuous tr1chomes consistlng of chains of regular subcyllndric
" cells of wvariable, length. Prominent terminal and random gas vacuoles are -

visible in certain trichomes appearing as bright spots. Faint polgr‘gas
vacubles acnounc‘fot'apparenc spacing of cells. : : o

'Ncmarskl 2560x

o

Two crichomes with terminal gas vacuoles which appear, as bright hemls—
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‘er

- ‘Plate 5

«

a)

fifE) -

‘-Single trichome in mount sealed with nail polish for’ 27 hours showing a ’
" pronounced bend. One cell has a large .gas vacuole that occupies vir-_

 Pseudanabaena catenata Lauterh. 16CAP*146&/1 (s.green form) Isolacor;;rELGJ,w
'“Pringsheim B < ‘ RN ) E . T

Nomarski 2560x

Single trichome in ‘mount sealed with nail polish for 27 hours. Promi-
nent terminal gas-vacuoles ‘at bottom end of trichome., All other cells

‘show only random gas vacuoles.

B

Nomarski g560x

tually the entire- cell. Sub polar and random gas vacuoles appear as

Abumps or depressions.

. e,
PR
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R1ppka et al (1979) have suggested that a major

‘dlagnostlc feature of thls spec1es is the presence of v

; prom1nant\polar gas vacuoles in. each 1nd1v1dual cell of a.
Vfllament. However; Bourrelly and Caute (1975) changed the
f'name of straln 391 of the Algotheque of the Museum Natlonal-’
;d H15t01re Naturelle, Parls from P catenata Lauterb to P.
galeata Bocher because P catenata is supposed to lack

'A:pseudovacuoles' In aqueous mounts of P. catenata, CCAP

'vf1464/1 and P bPunea CCAP1464/2 that were sealed Wlth na1l

' _pollsh for 2h 1t was found that the promlnent polar gas

hvacuoles became falnt and dlsappeared whlle fa1nt ‘to
_prom1nent random gas vacuoles appeared and remalned stable |
for 24 to 27h (Plates 6 and 7) Therefore, promlnant polar’”‘

..gas vacuoles are not rel1able as a- dlagnostlc featdre for |

thls spec1es 51nce the1r presence seems to be subject to

‘_change depend1ng on env1ronmental cond1t1ons. Because of the"?'

‘ﬂrange‘of varlatlon observed 1n the dlfferent cultures and

'fthe prevalllng confu51on about the taxonomy of

'1f'Pseudanabaena, 1t was dec1ded to be conservatlve and refer

‘to all the‘"take—over hcultures (and 1solates derlved from.

_them) ‘as P catenata Lauterb



Plate 6
'-fPseudanabaena brunea (auct”) CCAP 1464/2 (a green-brown form) Isolatorg
E.G. Pringsheim S _ .

‘a) Phase Contrast 1000x o o 'p;z;;iF':ﬂf; o »:, ERE e

several flexuous trichomes consisting of chains of regular subcylindric

' cells of variable length Prominent polar and terminal gas vacuoles can‘

'rbe seen in all trichomes as bright spots. o R g

. hﬁ‘/

b) _Nomarski 1560x

.‘. ’

Four trichomes with terminal and polar gas vacuoles which appear asv

deep depressions., Random gas vacuoles appear as shallow depressions..“ ti

71"‘






"Pseudanabaena brunea- (auct’) CCAP 1464/2 (a green-brown form) Isolator:
. E.G. Pringsheim R U

Plate 7

.

.INomarski 2560x

flTVO tricﬂbmes in mount sealed uith nail polish for 2"hours. Prominenc

terminal gas vacuoles remain, but polar gas vacuoles have disappeared nd

have been replaced by many random gas vacuoles which appear as bumps and -

,depressions

A

Ca
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. i N ' . L. o L .
3. 3 Med1a and culture condxtxons for cyanobacter1a

- Purlfled dlstllled water was used throughout It was

'Vprepared byvpassage through a Barnstead organlc f11ter“'

'followed by a cat1on removal cartrldge.

The med1a used 1n1t1ally for culturlng Aph flos aquae, -

Anab flos-aquae, Anab sub-cyl lndr'lca and P catenata were
‘_ASM 1 and ASM-Z'(Carmlchael and Gorham 1974) These medla_
were found unsu1table for optlmum growth of Aph flos-aquae
‘and P. catenata and were replaced by P-1 and P=2. medla
(Table 2) P i medlum 1s ‘a mod1f1ed form of ASM— . Buffer1ng
. is 1ncreased by the replacement of NazHPO. by an equ1molar
'”}amount of Naapo..12H O (pH 8. 5) ‘The exclu51on of ZnClz'and
Tthe reductlon of NaNO; to’ ‘/.’strength are the other‘°’ |

.mod1f1catlons. P 2 medlum con51sts of P 1 medlum plus the'ﬁ

-~
s

wsame mlxture of v1tam1ns and peptones that are used 1n ASM 2

'1;med1um P 3 medlum con51sts of P 2 medla plus a. supplement

" of the yeast extract and dextrose components of D1fco Plate 27”

.u;Count Agar at l/;,oo strength

-.yAgar medla were prepared by u51ng washed gels of 1 5% ;1~"

..OXOId or 2% D1fco Bacto agars comb1ned 50 50 w1th the

respectlve autoclaved double stre/gth medlum (pH 8 5)° after

_UV—ster111zat1on and m1n1ma1 heatlng of the agar to 70 o 1n, _”

a mlcrowave oven,‘as descrlbed by Allen and Gorham (1981)
-For more rellable growth the agar was washed w1th 2mM
NaHCO; (pH 8. 5) rather than pur1f1ed water The Marlne...
COllOldS Sea Plaque agar and Mar1ne COllOldS f o

‘Low Temperature Gelllng Agarose that were tr1ed were Tf

&
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obtalned from Mandel Sc1ent1f1c Company,‘Rockwood Ontarlor

Isolatlons, wash1ngs and transfers were made in a

'lam1nar flow hood Washed fllaments were cultured 1n

' screw—capped tubes, Delong flasks ‘or Petri dlshes at a;l5

'cbnstant 21 C 1n cont1nuous ‘cool whlte fluorescent llght., a
The photosynthetlcally actlve rad1at10n (P A. R ) 400 700nm

of thlS llght was 40uE m- sTﬂi as measured w1th a Lambda

L1—185 quantum sensor and meter..?*

{56 o
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o f_ﬁBO’~f"ifqbd ‘.;? _1U2;47=.-.‘..»Sodium caseinate (Difco) o ‘16.0\
o MnCl. Coe “0;87 B v'-Tryptone (Difdo) ufi . .in.O e
.ij‘CoCIJ e ~;0}011‘ . “Proteose peptone (Difco) "10.0

" cucl- - . ¢ ‘o0.0001

S e T :
‘Table 2. 'Composition of P-1 basal medium and modifications used. . -

]

S p-l medium " . ‘\mg/l  m  " P—2-supplement' »ﬂ-_’i mg/1

i Kéﬁpoa‘ f:f,_‘ T R c_“éyridoxine]',' SRERI i 'fb.is.}ﬂ
'i;Na3P04 12H Oj '_;?“38‘;“_‘d: | JCaicium pantotnenate '. - “0.Q8
,_MgClz» f_,_ '.1iﬁi§foz _:d' Ritoflauin R oA 0.02 |,

 Mgso, . . - 24.08 . Blotin , B (X 5
Ceacl, o222 Folic acid o 0.002i
:FeCl3-'Ef' - ..0.65 - ’nyanocobalamin g : ' 0.001;.

Sy R

05

a22'luf"

e L i o

’{iP 2 medium consists of P—l medium plus the p- 2 supplement . L i‘.

' p- 3 medium consists of P-2 medium + a su lement of . yeast extract S
(Difco) 25 0 mg and Dextrose (Difco) ) mg. per 1. 4‘

T, .'.'z,

'P-3 5011 extract medium consists of P-3 medium + 2 - 10 ml/l 5011 extract

- AV

‘, P‘l “P- 2 P—3 and P—3 Soil Extract Agars consist of the respective double-

-strength media added to equivolumes of 27 Bacto washed agar (pH 8&2
to 8. S) o S , . 7



. 3 4 Isolat:on and culture of bacterxa.

PR

: The ma;or bacter1al contamlnants of an actlvely grow1ng

o

: 1

21 day old sub culture of A81-15(B1) g were 1solated oh

Bacto Plate Count Agar. A dllutlon factor of 105 produced
148 colonles on the agar surface 1nd1cat1ng a total

bacter1a1 count of 1 48x107 cells/ml of: culture. F1ve.

‘o

predomlnant bacterlal spec1es were~1solated by repeated

-~

. restreaklngs and ‘mass’ cultured in 21 of Nutrlent ‘Broth for

t

48h at’ 28 C .on a: gyrorotary shaker The bacterlal

-4

-suspen51ons,yere harvested usmng a Sharples centrlfuge and

A

“freezerdried.ffreezefdried cells were resuspended and

»intraperitoneally injected 1nto male m1ce to test for any

p0551ble tox1c act1on_at a dosage‘level >1500mg kg body‘_ﬁ

. (""’
rwelght._ e

[N
: g @t

3 5 Methods of tox1c1ty testlng

-é Cultures were- freeze drled and tested for tox1c1ty by

preparlng th1ck suspen51ons (64mg/2 Oml) wh1ch vere 1njected
1ntraper1toneally 1nto 20—g ALAS stra1n m1ce (male) u51ngv

two per dosage level D1sposable Plastlpak syrlnges and

needles were used throughout The mice were examlned hourly

»

for 8—12 hours and autop51ed to ascertaln 1f any l1ver

. 3
.

damage or other abnormalltles ‘were v151ble.

<
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3.6 Equipment and materials ,for purification

e SURI e S S04

. ?¢r Kfaﬁé'c (1Q50 1Q7ﬁ“_i;CQ_mgLhoq_a:_hbnm*' Energy Qf
Canada.Ltd. Gaﬁmacell wi;hlan'output of 73.2kraé h-’ was‘

used. o e | | | |
For‘Pa;kerﬁs;(1982)ANazS-drdpvméthod‘ASM—T;Qéshea_Bact6 .f

agar. containing 2mM Na,S$O, was used. The 2.0M Na.S was
dissolved in air and used immediately instead oI being

dissolved under nitrogen and stored for use.

For Vaara, and Vaara s (1979)_antibio;ic enrichment

e , .
méthoc P-2 medium was usec *ather than TYG browh. The
antibictics amp:clllzn (Ayerst uabs. MONtreal, Canade !’ and

"
‘D~cycloser1re }Sigma*Chemlca‘”Co. St.'Loui$?~we:e tested at
confentkat*ors oI 1, . 5 and 2.0mg/ml.

»

For Carn. chael and Gorham s (1974). method, phenol was .
- o&."' K . - - '; . . .
usec at‘boncenuratlons of 0 O.2,j§nc-0u3%_w v

"?o:_yashxng,’the‘second'method Bestribed'éy Gorha¢~et
~al. £i982)!waé,uéed,fThé‘Masbiﬁgfapééfétus ié'pi:turédfih
;%Ei@ées Qvand IG;‘Depending oﬁ‘the:viscééitv of :he wasﬁing ;
._ﬁedigm,’M}llipore and,. late‘, Nucleopore momn anéé haffﬁg
"~f§dfé éi?esfb{':;2} 510‘and;8gD um werﬁ used.hf |

 .fm‘i tcliowing high- molecular-welgn* coxlc ‘ds . were. ;

.obt aideé fre S:gma‘Che" ~al Co.,agb were testecd zs cell ..
envé‘ope.prcte::ant¢ Z in. washing: Polyvinyipyrroiidinone
commonly:télleﬁ Pblrvinv . .-olidone or PVP (Mw. 1{:2GC,

40,000, 40, ooar,v3oc 000), :extram (Mw °C,320, 31,730,
81,600, 252,000, 510 00) Ficoll (MW 70,000, 200,10¢

400, G00DL) ", 7360) and ge




p‘me 8.' A
Washing apparatus used for the reductlon ‘of bacterial flora, and the recovery
of Pseudanahaena catenata from a mixed cyanobacterial/bacterlal culture.
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N

- Plate’ 9

‘Recovery of filaments.of Pseudanabaena

- medium and/or dextran (81,600 1Z). . -

s R . S

catenata afteriﬁashiﬁg_vitﬁ}P-lf‘
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3.7 Isolatzon and testxng of funct1onally axen1c straxns g

Colonles of cyanobacterla from 51ngle fllaments in "

pour plates that showed no obv1ous bacterlal assoc1atlon

_.were 1solated by cor1ng w1th a Pasteur p1pette or a needle

l’

“hav1ng a_ 1 Oum dlameter t1p (M1nuten 1nsect p1n) Cultures
"exh1b1t1ng the lowest bacterzal count were washed w1th
zdextran'81 600 overlay plated in P 3 washed agar pH 7 0

3_7.5,°8 0, 8 5 and 9 0 and 1ncubated under constant 11ght

'-»at521 28 and 35 C. Each plate was examlned m1croscop1cally

'ff wh1ch t1me furthér 1solatlons were made. These 1solates were

P

(x400) over a per1od of 214 to check for contamlnatlon after

n_ N “

TN

"._transferred to success1vely larger volumes of P -3 medlum up

fe
[T

V.ffunctlonally axenlc were sealed Wlth Parafllm and 1ncubateduf,7-

'vhto,'and 1nclud1ng, 250ml.; SR ‘_f'\'w

"jdays. Those plates from cultures that appeared to be 1

ol

Contamlnatlon of the 1solates was tested after one jf

vmonth by addlng 0 2ml of act1vely growlng culture to washed»'

agar plates of P 3 Agar, Plate Count Agar, Tryptlcase Soy

T?Broth Agar and Nutrlent Agar and 1ncubat1ng at 21 C for 10

A

'.wuopportun1ty for any latent bacterlal contamlnants to become

ff’v151ble.'

: \
: . )

IS

L

"under constant llght at 21°C fpr three months to prov1de an“ﬁVh



-*——4—1—Comparison of“commerc1al—agars—for—culturlng‘planktonic—‘

s Results and conclusions

L4

cyanobacterxa o
‘ A number of commerc1al washed agars were used to gel’
ASM-1 medlum by a mod1f1cat1on of Allen and Gorham S (1981)

method Growth of P catenata and other spec1es of

:planktonxc cyanobacterla on the dlfferent agars was compared

[to see wh1ch was most su1table for further ‘use (Table 3)

: Sea Plaque agar proved to be. the least effect1ve. All

‘spec1es and stra1ns exhlblted cl1pp1ng and r, lys;s when

;fpour plated 1nto,~or placed upon 1ts surface._\-

TN

~Low Temperature Gelllng Agarose, desplte the obv1ous beneflt B .

-_4of permlttlng plat1ng at a much lower temperature than the

—_—_

‘.'other agars, prov1ded su1table growth for only An.,7iif

"sub cylindrlca P Catenata showed 51gns of very slow :

"fgrowth but cllpp1ng and sta51s was also prevalent.»‘

bBoth Ox01d No 1 and D1fco Bacto acar were found

h'su1table for most specles after washlng and ra151ng thelr pH.-

-l
i
.\‘\

'to about 8 5 leco Bacto agar was chosen for further use as

P catenata grew best w1th 1t
. . :.v_._ L.

s

47 .




.;TableHJL Growth of P. catenata and three other species of planktonic,
v cyanobacteria on four commercial agars (12). washed with .
' ZmMNaHCO3, pH8 5. IR , . N

Ao

e L j o n,Low Temperature “”DifCO . 'quid
. Species = - - Sea Plaque vGelling Agarose, Bacto ~ No. 1

P.:catenata ;:'. | ltf(c; l); . 'vtftc,vl)i : is; 5+
;An. sub-cylindrica ;ff;<ﬁ3+‘.'3nlc. .-‘tr(c,il) | 5+ S+‘
',Aph flos—agtiae_ﬂ :b\ - o ; B d 5;_\v P
‘ﬂnf‘aeruglnosa. 1;‘ - ?f;tf 'fy{‘lﬁi;‘ T.sf L 5+ d;

Y,*Growth rate estimated as” tr = trace, 3+ = medium,-5+ﬂ='maximum;

e = clipping, lysis ‘of one or a few adjacent cells'in a filament 1=
lysis,- disintegration of: all or. nearly all cells of a filament
leaving only ghosts R o A o :



']4,2 Toxicity‘of P. catenata “take-ovér" cultures

Intraperltoneal 1n3ect10n of two of the 67 “take over
cultures_ lnto_mlce_caused_ylolent_convuls1ons and_a_loss of_______
“een51t1v1ty-to touch by:the eyes ahd ears. A pallng oftthe
f..buter_margiES'of each liver lobe was seen after the animals
were,sacrificedtand'autopsied, |

To check-whether the convu sant“actiyity;might be of

4 .'\(.

bacterial origin, thevtiVe hajo bacterial contaminants of a '

bhf21 day old sub- culture of A81—1 (B1) uere.isolated
: m;%s cultured and suspen51 f of freeze dr1ed cells.
_1n3ected 1ntraper1toneally 1nto m1ce at a dosage level of
dtd>1500mg kg body we1ght None of the“frve bacterlal 1solates
‘produced convu151ons such as were, w1tnessed Wlth suspen516ns
of freeze dr1ed A81—15(B1) culture. They only exhlblted |
'f51gns of elow death over -a.24- to. 36 h per1od charactermstlc

~\of bacterlal endotoxlc p01sdnlng.

L e
'1

'4 3 Methods of 1solat1on and pur1£1catxon

‘ Over the years, many methods 'based on selectlve

hfdestructlon of contamlnants have been publ1shed but
;generally speak1ng, none.have proved\to be as- satlsfactory

';as the1r authors clalmed espec1ally for pur1f1y1ng ‘_ |

Z?planktonlc cyanobacter1a..Severa1 of: the selectlve methods’

vere tr1ed before efforts wvere concentrated on 1mprov1ng a

'method of phys1ca1 separatlon.

\h&\"'; v- ST -
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4.3.1 60 Cobalt Gamma Rad1at1on
Actively grow1ng cultures of An. flos-aquae NRC 44~ 1,

Aph. flos-aquae A81 31(C5) and P. catenata A81-15(B1) were

"}'used to test Kraus' s purification: method 1n two sets of

stexperlments. Cultures were treated in ASM- 2 or P -2 medlum in

'screw—capped tubesk‘ ge.of 100 to 400krad in

“‘710krad 1ntervals{mu1ih h 24 h dark

: post—1rrad1at10nut;ea reated cultures were'"

1ncubated in. both’ASMl dla a&u agar pour plates

LT AT,

“ﬁand as streaks,'on leco Plate—Count Agar. The cultures

" were exam1ned on a weekly b351s, w1th observatlons lastlng

from 4 to 6 weeks.:l

.o

The results 1nd1cated that gamma rays could not be used
as a selectlve ant1bacter1al agent ‘At all: dosage levels
ftested 1nclud1ng the loweSt the cyanobactgrfa proved to: be

| more susceptlble to radlatlon damage than the bacterla. The

three test spec1es of cyanobacterla showed staszs or 1y51s p4“<75

' wh1lst the contamlnatlng bacterla surV1ved and grewd(Table b



Table 4.

popudhtions by the ;

ACtempts ‘to purify cultures or reduce their bacterial
°Co gamma radiation method of Kraus.“‘ L

e No.
.. Cultures”

- Expts.

" ‘Dosage,

krad

park'
%% b .

Growth at. Lowesc Dosagez'
pH : cyano "~ ‘bact.

An. NRC 44-1 2

- An. NRC 44-1 2

. Aph. ABI-31 (C5) 2
Aph. A81-31 (C5) 2

Pseu.. ABL-15 (Bl) 2
Pseu. A8lé15;(31);52:':

 250-400 "

.250-400
200-400:

. 200-400

' 100-200

''100-200 ...

no -

‘o mo

“no -

yeé.lf

8.2 .07

yes ::eg.ﬁ' ,; Qp;i

3+ to 5+

68 L0 1. -
8. 5l> 0 s

8.5 ey

I,

ZléaAy,lbecteria~$+;*ekcept Apﬁanizeuenou 2¥day;ibeeteria 3+.¥;”

ZIn both ASK—Z or. P-Z liquid media and agar. pour plates ‘and. on
. Difco.-Plate Count agar; observed weekly for 4—6 weeks.u Lo

-4

i,

3

St o= ca. 25 x- 107 bacteria per ml..

\9 '

“,‘Oﬂ§f§r%tis'3nd]9r_lysié'iﬁ"déys”or'qeeks;

!3+frq 5+_"Mll



"f4 3.2 Parker s Sulphlde Method

52

Parker s sulphlde method was. trledson three test

‘”specles Aph flos-aquae AB1- 31(C5) An- sub-cylrndmca :A'li78—1‘

-~

'and P catenata A81—15(B1) g The complex gradlents of pH

‘and of sulph1de and sulphlte concentratlons caused a.

"Jvuthan the bacterla.‘

'the gradatlons 1n pH, sulphlde and sulphlte concentratlons.‘

.‘l’,. R

fzgradatlon 1n numbers and colony size of the bacterla from

'*the ‘centre to the edge of the pour plate but falled tob f

*hellmlnate them completely from the centre. pP. catenata and
"‘"7yAnabaena showed gradatlons 1n growth response but they were

h‘far more susc%ptlble to damage by the h1gher concentratlons

AAphanlzomenon was the most susceptlble to

It lysed over the entire plate (Gorham et a’ﬁ"-ga"" (Fig 1.

T I

P



* Figure 1.

ns

‘7:;de51gnated by’ 0 = none, st = stasis, tr trace, 1+ to 3+ = some to
’;many bacteria. e e R ~

””zomenon flos-aqua

The sulphide.nt Bi,

ﬂTrials of Panker s sulphide selection method for: purlfying a clone

of : Anabaena sub—cylindrica A78<1, -a take—-over . cultureggf Pseudana-
baena catenata }auterb A81- 15(Bl)—g and a’ colony isolate of Aphani—
ﬁ%8l 31(CS) S . _ » -

ngradients decreased from the zone labelled Na S
to the zZone 1 belled 5. "Growth of: bacteria and cyanobacteria is

"
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3 3 Ant1bxot1cs and Antlseptxcs

+

v _ T
The antlblotlc enr chmen* metnod usec by Vaa"a anz

37 ‘
. " o) . v

«Vaara.}1979) for the pnp\fzcatlon o. the r strains cf

‘anabaena was tried ,w;tl; st,ra“i‘ P \catenata

\ar«

.»_,.,

;,—15(B1) g.. The qpﬂtﬁte ugswdark starvec}‘n P*'Jmedidm,foE ‘

P i
\/f.&v -

,48 to 96h pé er’ﬁhadﬂ@?ﬁe antzbigt cs amp*céliin or

S i : _
g D\cycloserlneyﬁgjﬁ,aﬁgk 3 £:3.0, 0.5
RS ﬂ;ﬁ,.if”';?. e ' - A
] e \ " :a- .- A - ' . 4

*QQF 2. Omg/mlmnﬁhe cult nes ,ere returnec to the dazk.for a -

;./ \;. 1"

z 7 N

graV1ty washlﬁg procecure cescrlbed

f [ 91
B4 "J' \,/ 2 4 ’
. . - ) .
: . . .

,heiMate:ials ang’

Methods Sectlon R

b 1 *

IR F1laments were still present,afte: ‘-244b‘incuba:ibn Pl

w1th 0 mg/ml D= cycloser;ne but had chsappea* c :n'tnea;.

th

.

mg/ml 2 0 mg/ml tubes“and r alx the;amplc;-lln—enriched

tubes; Both antlblotlcs caused P. catenatawto’lyse
5 o ,

o completely when 1ncubated 1n the datk-fotl48 or 96h.-Upone°

£ “ .
washlng, te remove all traces oF the ‘D- cyc1oser*ne ‘rom tn

0 mg/ml 24rh dark treatment the .emalﬁ }‘ ;lamenss c-:

-

P catenata dlsappeared.ﬁbllaments cou‘c'not e founc on :ne

v -~

fllter membnane or In. the sglutlon above “indica 1ng lysis

T . - .
A

‘- .
) 3 v . L ;
had ochrmed curlnc the wasa-ng pr ped_“j”gCyczoserlge uas
K B SRS
found to red@ce the bacterlal pop latio f O a. ‘a&,create"

v,
# A

extent than amp1c1111n but at the foncen ’atlons,testea

. 51\

{b.‘ _.

nelther exh blted adequate selec -j}ty ‘or’*ne neterOtrophtt x
Pl et "'} . .
‘o , _

baote%:a 1% preferﬁ§ce tb ; ~obllg ate pﬁo.oau*o*roph g
2 by e e

. cyanpbacterla. ) . o v P o
R . O o o ik Lo
- “ T ’ o % o

- e
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The phenci enrichment method ! Carm.chael and Gorhan

{18747 was

alsc tried with stra:- 2,

-

catenata AB’-’*&B‘)-".-i"-{}

&

} ' i C - N ‘ .. : . . i
It was dark-starved In P-2 medium 26 tc 96, af:er‘wh;ch. )‘{%

catenata-c
vme‘hod wrcn

«

t 4
1]
N
o
0.
0.
AP
0,
o
re
0
0
oo
a
o
o )
(44
LA ]
W
(a4
vy
o
o
n
©

tc 6 hours.’ Samp es we'e“removeo~a* 30 min .

& ' B )
ravity- instead cf suc thP wasned ané . . o

l;s wi:hin 30min of appllcataon.ﬁThe use‘or.*hvs

£ 0.1, 0.2 or 0.3%

returned tc the dark:for an‘f Lo

a

“

) ) L B . - 4 - e oL
in P-2 washed agar. The prates-wereqsealed with:

3- incubated fcr one month.. D e -

L . CF

ther p;anktonlc stra*ns of cyanobacterla has

kL

§QOwb ‘that it’ is, nor a'ways rellable (Gorham, personal

L

"ommunzcarlor
J‘ o Lo : o - . S e ":'-7“*"‘«‘*"‘ "y
[N . . .. . B . Y .\’\‘y_ € *

e ‘
- : T

»

.3 4 81gh—Mclecular-Wezght Colloxds as Hembrane Pr@%gctants
.,, ,q

L"' t empts were maoe to 1mprove the recovery of v1able

! )
i

v £2 laments from *he washlng procedure aescrlbed by Gorham et f

r‘-vl.«

eal:(1982) by addlng V&IIOUS concentratlons of :chffer:ent--f-~

1

lkh@ds of~;nertA hlgh—molécular welght c01101ds to the P 1

‘;washihg‘medium..hn nltlal screeﬁlng of PVP dextran

chol; gelatln and 1nu11n . Was. performed W1th P catenata e
A_aw-1s<s1) g. PR L

L

Al;quots of O Smi 415@ to .75 fllaments) were

lgrav;tyhflltergﬁvwlth 5x10ml of each concentratlon of each

<

'.\

ind

ﬂ,’

Tae
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-2 .5

proceoure and the protect1ve propertles of the c01101dal

suspen51ons uere assessec by

(1) count1ng the number of fllaments present in- 0. Sml of

the 1n1t1al 1noculum

(2) recordlng the number of. fllaments presnmt dlrectly

vvafter pour- platlng,

R - el

(3). scorlng the number of ﬁllaments and the ‘number of
'.bacterla exh1b1t1ng growth in the followlng week

The - resqlts of the screenlng process (Table 5)

,1nd1cated that seven Jf the c01101d treatments promoted y

; ‘favourable fllament recOvery (20% recovery or greater)

’bThese treatments were examlned more 1nten51vely by
»1ncrea51ng the number of washes from 5 to 10 Under thesi?f

‘ cond1t1ons only two c01101d treatments promoted substantlﬂﬂﬁb

-

\‘“_fllament recovery These vere déxtran 81 600 at 1%,Aand

thlcoll 400DL at 5%. ¢ . "vﬁ”f'}j{ '.f‘17 ." | X

? 1 X ,f..
- Some problems:were encountered with the varlous c01101d

iSerles In partlcular the very hlghyv1sc051t1es assoc1ated ‘

'-w1th solutlons of gelatln made flltratlon 1mp0551ble%at

" over a tlme perlod of 90 minutes. f.f” § o o _ ;
. _ . . - ]

.,concentratlons greater than 1% Slmllarly,. h

*hlghest molecular welght members of both the PVP and dextran

serles could be flltered onrylthrough a Sum pgr051by fllter
~' .

o A R O

+




R R e I

T _ : R
Table 5. . The use of inert, high—molecular-weight colloids as a washing
wo media for . Pseudanabaena catenata Lauterb A81- 15(Bl)—g.

- Colloid M. x 100 .125 0.5 1 2 3 4 5

. PVP(la)Q; BT o B _ S - i
CaOT. - - - asx - o -
.360- : = | <5* '<.20*" <5k - Co -
Freo® g0 - S-S
- . 400 S P - =  '-' _ <5% <10* W'
_ S4boD L - - 2 ‘esw<lsk <30k
DEXTRAN(a)f*. tls SRS - - .- : - - e
e
B2 - - <40k <qsk aask - P oiol
C2s2 e e dok oo - o
B (R T

-

Lot e M N . B . . . a -
o e B - “,1'-

S (a) Filament% of P. cat nata were washed :Ln 5 x 10 ml' of each particu— IS
' ‘lar m’;le;:y;}ar weIght and- conqentration in P-l medium. '

‘/_..*Recovery ‘ratv:es i;a:(.::fe based qg-the humber of filaments of P. catenata
- showing- signg. -of g}'owth ( eavidence of clipping) after 24 hoursv,

in p-2 unsb;dﬁagan gour-place'

N
B o .
. L e
+
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"‘Dextraﬁde;BOO_at’1%_in P-1 medium wasffinally.selected

‘as the optlmalﬂwashiné'solﬁtion ‘Growth was evident in each _‘—'

| dhbelow 0.5% and above 1.5%.

.fllament that emerged from the washlng process within 24h.
?Vlable fllaments of P catenata could be: recovered even after‘
15x10ml washes. Flcoll 400DL at 5% was effectlve 1h
--protectzng 30% of the fllaments. The rema1n1ng f1laments
showed 51gns of cllpplng, and 1n.some cases, ly51s, w1th1n L
24h of plat1ng A closer examlnatlon of de&tran 81 600 ’
._revealed that fllament recovery~and-V1ab111ty could only:bej .

guaranteed between closely dellneated concentratlons..‘“

hRecovery peaked between 0. 8 and 1 2% and dropped rapldly

»

It was,1n1t1ally hypoth951zed that r';uvery rates w1th f

.the varlous c01101ds mlght be assoblated vr@h 1ncreased =

'( oo

*osmotlc stresses resultlng in membrane damage. However,-a R
2 . ) ,.’J._‘. . .

, closer exam1nat1on of the o#molarltles of the 1nd1v1dual
R : ; 'e~ ;
'd'c01101dal suspen51oh6 1nd1cated that the osmotlc stresses

placed upon fnd1v1dual cells woulé be almost negllglble at.

'the conc ,atlons ' being used Further,iwhen collozds whose

lvinitiau osmoharltxes d1ffered from that of dextran 81 600 at

-1% were adjﬁs*ed to a correspond1ng value no 1ncreased

7v1ab111ty was observed 4n the fllaments of P catenata.,
. a’ = -}J’ e

. Ty

\r*

4, 4 Hode of action’ ot dexttan &ﬁ 600
. A serles of Scannlng Electron Mlcrographs (SEM) werejm
“taken of p catenata ABI-15(B1)-g fixed by |

'”~lreeze subStxtutxon after uashznc in ezther purxfxed o



ér ,'fh‘dlstllled water,_P 1 med1um or- dextran. Spec1mens were - flxed

S at tlme zero, 30m and 3h after washlng 3 ."" "' “&

.ZSalts or other suhstances on or a peellng of patches of the
-outermost wall layer. Plates 12 and 13 1llustrate fllaments

of P. catenata after a’ wash in P R growth medxum. No

i jdlscernlble d1fferences were v151ble in the cellular

o -slv hd
',‘jmorpholo y over: the ent1re tlme course. The process of

o‘freeze subst1tut10n caused the fllamentsﬂto collﬁpsei

i & ,I-.
vjsomewhat bufxthére was no. evxd ,the’loss of anﬁbuterr;gf

e-wall layer or deposxtxon of substance as seeé thh the vash

in dxst1lled water..;..‘“

‘.
o -
.z,.

[3;ffjihbf Pl;tes 14 to 17 1llu$trate fxlaments of P catenata

i_}washed 1n a 1% solutxon of dextran 81 600 The fllaments

- \

- -

""fshowed no sxgns of clxpplng or loss of an extra membranous
”acoverzng Rather,ythe m1crographs p:ov:ded ev1dence of uhat

'can only be a dextran deposxt1on upon each ce’l The

‘@
% "‘

~Jth1ckness of thxs coat *ncreased as the tlme course ran to

?lts lzmxt. After 3h the leaments uere so completely””‘
| Q»

:'covered w‘th dextran that 1t obscured the outllnes of the-7“:‘fh
Although the fxlagents of P catenata vould not havev
lcremaxned for 3h in dextran durxng the actual,uash1nq processii
vthe deposzt1on of a lxght coat*ﬁg can be detected at t1me
7»28:05 ‘The 1ndxcatlons from the electron mlcrographs are,
”ifr f‘therefore, that dextran becomes attached to the walls of the .

e
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f.,Pseudanabaena catenata (LauCerb) A81- 15(81) -8 . -
Glutataldehyde - OsO fixatiou s . ‘,‘ . L .Lf‘ - ;;';:‘
..553.93001: Time 0 . L

H Trichomes were vashed in 5 ml. of scerilized purified water. Note che’ _
;:deposition on/or the peeling of patches of che outer envelope of the cells.v'

it ”Place 11 a@

lT:Pseudanabaena catenata Lauterb.:‘ASIfIS(Bl)sg

N

N Glucaraldehyde =030, fixa:-i.%n T
‘r“ i L FEET : o R e
S.E. M. 22, ooo x Time 0 “" TR

_Agﬂ? T”icﬁomes were washed in’ 5__1 of sterile purified~water.~ ‘Arrow = afea’of:.,k
deposition on/or the peeling of patches of. the oucer envelope of . ‘the cells.“_j

: »
t .
e - .J .
o - [
» - . R
s A L
- A
L5 ‘
‘."-.
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A .
LW .
) A e
- o
M) .
. r
N o
. .
. F






LT
\ 2 vs--sa
_ Plate 12, FEREE I
- ﬂPseudenabeena'ce§§nata Lauterb, ABIflS(Bl)-g’.
.”Freeze”i’suhStitution‘fixation‘ L <~_d"3;A;‘d,': lf

S. E M 15 600 X. Time 0
,"}\Trichomes were’washed in 5 x 10 ml of sterile P 1 medium There is no"
L dep031tion on/or. peeling of ‘patches of the outer envelope of the cells
. that show regions of collapSe due to freeze—drying o

v PlatéwlB

-
»

X Pseudanabaena catenata Lauterb ASl—lS(BfT'

,‘.

- Freeze - substitution fixation :’_H,‘l .
'S, E.M, 15 400 x Time 3 hours hi- e _ .
. ‘:'\.’\ [N ', _' . o . \0

.&

Trichomes were. washed in 5 X, 10 ml of sterile P 1 medium (and allowed to v

sit 'in P-1 for 3h).’ Freeze—substitution has caused the cells to. collapse,

’-‘ but no ev1dence of rupturidg is: v151b1e.‘._;* [ P

g
A : >
-
s N o
. . Yy b
o - ; N S . . K = ‘e
e . ’ . Lo o
. E J
(u . -
b N
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CPlate 1478 . ‘
-~Pseudana 'ﬁcéiehatﬁfLauterb A81—15(Bl) g ju“ ST

Freeze —'sdbstltution flxation

& . . . .--"- S
_'u‘/‘),

'stm. 5200x TimeO

» P ’ R
) ‘Trichomes were washed in 5 x 10 ml. of IZ dextran (81 600) ‘ Some trichomeS'

- are slightly obscured and’ lylng across an 8‘1m pore, ‘the. bottom portlon -
" of whlch is covered with a layer of a substance, presumably dextran.,ﬁ B

.a'-
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g ' v, BRI e T h : ',
I . 3
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T \‘;‘ . —Q'. ) X ‘ ' "_ - 4
] h . . . _/v [ R . o
' . SV eew” R ST .
Plate 15" 3 e T e, R SR VN
T . ~.,j e . o el / [N L T .
.- . "“'-wl. B 'S . . . Lt - . .
o Eseudanabaena catenata Lauterb. ABl-13(Bl)-g ,%a ~ -, & g
o - . .. PR N P . LRSI . i
. . . . y~-. . PR 1y O % L,
Ragy | ’ . ’ S B S “.q«t -,
- Freeze 1’subst1tut10n flxatlon ; - ) S et ~
S E. M ﬁ&l 400 x Time 30 minutes Yo ﬂf : <A, -‘», A
o . ' Q‘J ! . . v - .~ ,/' : . "P ‘..';., . ;{
8 The &rlchomes were' ShedQQn 5% lO ml of 1‘ dextran (81 600) ana *then .
allowed to sit .in the meflum for: 39 mlnutésﬂ_ The trichdmes” are’: -¢oated f ki ,
‘ :w1th and show strands Df dextran. attaching qbem To the- fxlter» Drv1ng ST
L has caused gaps to appear between some of the cells.,;,;,s? A SR =
Lo SR S ST - I
e ' o R W S .
r v : ' \'b"" by . . < ]
o - S N .:.,7 L ! " R .o
- Plate 16 @, ' ‘:,. MR - GF T N
"ﬁ T - S &L . SR e T :
v Pseudanabaena catenata Laucerb."ASIfIS(Bl)ég, B A T « SE R

Y

. . oo
Freeze - substitutlon f1xac1on : - B PR L
. ' ‘»“ . . . . . N ! h L - ? ‘ ‘,

S.E M ‘15 000 x Tlﬁé 30 mlnutes e >'; "“ R e
The trlchomes were washed in S x.lO ml of 1/ dextran (8l 600) and allowed 54«,‘
to.sit in- the medium for 30 minutes.  The trlchomes are obv1ously cpated” ..’
by a layer of dextran which, has drled and: torn cau51ng gaps be;ween the .

cells durlng the process of freeze substltutlon.
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T Plate 1%
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. The ;rmchomés were washed 1n 5 X.. LO ml 17 dextran (B‘
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4.5 Antibiotictand Antiseptic 'Agents with Dextran

'Since P. catenara i's Sus:eptiblefto~wash:ngﬁdamage; the -

Tan g . = - S0 e - -
RSN . . - . Lo . V. . - Ko

faiildre of ‘the ‘antitictit and ant;sept:c enric hmert me< hods

4 . R .
i . . M

... may have beer cauted~»ih par?; By 'he ﬁeed‘ rla'proteCtzwe-x

*tol;oid du ng tze cark— reat men' nd/or uash ng steps,'~p .
e v'.i'nvolv'ed“.' LR T " L e
600 during e, 48~h

"{e effec 5. ot acclno RIS dextran

dark *ncubat:on peraoc w;thil .0 or 2. 0 /ml'D-cyclOSerihe,,d

or w*th O 1% phenol (w/v) for T, 3 a'd 5h were studled wzth
Avm81-?5(B1) g u51ng a’ 0 5m5x10ml d1!mpqon 1n P-1

fwexe exam1ned

" A, TR O v, -’.. '.'av

e m1croscop1cafly for éltpplng and'ly51s af er the dark : ,ht-.
,.‘f‘\, g ) . W ;-‘;.'.
treatmentb then guvenJ%x10m1 washes 1n 1% dexttan281 600 S

)

r.

S
y b

’.

W
L

m1croscop1cally 1mmed1ately after pourlng and da11y 3”;;g?ﬁvh/ft'

thereafter for 7 days._fvhd'“ .:j,A 'QD' '“;fdfciz

kN i

R :
;i_catenata durlng dark treatmenl w1th D- cycloserlne or. phedol

) _f.zor 1n the washlng step that folld%ed ﬁ?ov1ded no 1mprovemeht

; f’n surv1val ;ompared w1th controls in whlch they were '.

N . o’

absent, F :f;,.f" : ;f;;;';.ei» tfrﬂffgf? ;i,{;;-f;n} L SRR

e {“ S Ree ssrnw%“eﬁrﬂxw"fr; L :
;f axen1Cnstra1ns of P,tcatenata ' ;_‘_jﬁj

.-f4 6 Recovery

e

» B

o, 'f " To" better estlmate the eff1c1ency of the washlng
Lo . r g

" process an overlay platlng method was. adopted Instead'ofv
the f1nal 0 5m1 of washed fllaments belng dlluted to 10ml,;_-;vt
comblned w1th 10ml P 2 washed agar medlum (P ZA) and poured @

’:Jsence of dextran §1 600 in cultures of P ffy '-wg.hﬁ,



-
oy ay

- " H . N . . - ) , EAN . . .
ke ' T .. : o ! . BRI
" S e o

e S T
it was addedﬁCo imi. of P-2A (pH ad usted) and;poured as an

s LR “

overlay or'P-2A. In the ove:ra&-ge:,’1nd1v1dual bacterla andf',f

RSN
I3 g 'z ,

c}anobaéterxal f2 laments were spatxally separated and f1xedQ

in a thln plane that corresponded w1th the depth of fxeld of

fthe *nverted mlcroscope used to examlne them at ai’ \

magn1facatlon of - 200x Vlab‘e tounts could thus;be obtalned
? . %

.more rapldly and *eproduc1bly than before a@verlay plates of = T %

N

T ch catenata A81—15(B1$§" glven a 51nglé# ash wlihﬂgextrén -h__hf

a V‘i‘,

‘_e mad wlth - 2A at pH 7&6 7 6, B.@ 8 5 ‘and 9.0 }ﬂf’

vy 11.“ . . -M.

and 1ncubated zn constant llghbﬁat 21 28 and 35°C for sevEn

e}"
at 15 C both

1o . N ln

'jfvalues” At 28 C bacterialrhontamlnants'wégeﬁfound in.

‘fgreatest numbers at pH 7. 5 and 8.0 WhllSt P catenatéﬂwa55 RIS

‘ cllpped and 1n sta51s at all pH s. At 21 C good growth ofl,"‘ ;_;

vbacterla and P catenata occurred at pH 7 5 8 0 and 8 5Qo
: . .

f‘;There were dlstlnct changes in the growth habltat and colony
appearance of the bacterla from thase mncubated at 28 C

poe

Comparlson of 10x10ml and 15x10ml washlngs w1th dextranlr
at

;;81 600 prov1ded %ery llttle d1fference 1n terms of the;total
L jdnumbers of ba;ter1a st1ll rema1n1ng P catenata i_hplfn“A‘P?'~

Sy . . ; el e

%jfﬂ‘vtA81~15(B1) g‘howeyer,vshowed a- marked decllne in the

v LAY

b'-[percentage o%ﬁvhahk&*fllaments that cdff&wbe recovered as

2

”53the number of washes 1ncreased from 10 to 15 The
;ffajtflarge scale reductlon 1n the bacterlal populatlon achleved
"bY 10 washes reé‘i%ed ‘in P Catehata at. 21° C grow1ng well atvf':

3all pH values from 7 0 to 9 0 Optlmal growth now occurred B

B T R Ty
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at pH 7 5 rbther than pH 8. 5 where it had occurred prlor to

. M ~ ‘o Kl
) washqng Unde; these COh@ltlQnS, u51ng overlay plates on.
P 2A “the number oﬁ clearhy dlscernlhle bacterlalwcolonles’
] ranged between 8 and 12 pér 90 mm p;abe afte: 7 days
b t R : : . .‘ . ? “‘ "_ . “’J i‘ _v"
1ncu a 1on., *~f‘¥‘. _ . ;‘ e N SIS
. ‘@ﬂ ’ - I '. 9‘ r :\ ",~ ST 3 oo
w&By comb1n1ng (1)the opt1mum washing procedure, o
4 SRR g ‘
(2)Spat1al sepafa§1oh by overday platlng,‘Qg)swggle fdlagent i P
| Qr:, ti .‘,)bacterlofoglcal'testlng wlth dtfﬁerent “ ."‘.TM
.‘K?:; “3‘3‘ ;v'f‘;--:"' , . N ’) . ’. : : "'*-ﬂ‘.‘
.J.j% '.gﬁﬁ’1ncubat10n»temperaturas and repeatlng each _ffj”
.:' -r‘:: " \,{3 Cp e g “{‘_ o e ¥y . -}J T

;- £un tqo i'“ n tra
‘”?, g,alkgwg dgatral

= W,

vsiparated fqgmwany bacterral CQIOny, were removed wﬂéﬁuaﬁ‘iﬁ* j}

B o e
%gnuten Ensect pln and cultured 1n P 3 medlum at 21 C for

"‘\% W,

2wk (Flg 2) An allquox (0 2ml) of eacﬁtlsolate was pgj'fdrfwf_f

dlstrlbuted upon the surface of Plate Count Agar (PCA) and e
mh’P 2 and 1ncubatéh under constant lléht at 21 and 28 g for
-nitZﬁkl Isolates on P 2A;that showed no obv1ous contamlnanfs on\/ J

. . . . . ‘ T "«
_i{:_ bot@ test medla Were cored and the 1solates re grown 1n(P 1 ”?;Agi

P _».."_'“‘» L Tas

"flmedlum.-w.fn.gi ”;fpfl'ﬂq e ff\"h,*@jfdi»t.““:ngp’ )
._. Of the 27 1solates,:JO whtch appeared to, be- free of x
1:dogwlous contamlnants,‘were tested at two temperatures on h‘ B
'fthree bacterlologlcal medla prepared wlth washed agar to _
check agaln for contanfnants. A sample (0 2ml) of each R ::
. CUlture.was spreadwover the surface of plates of whshed" : cffEF?
: _}fi ::. v ; .;t. R J,; Bl h :;'9+ \ ji



' “1rypt1case Soy Broth washed agar (TSBA)and 1ncubated at

#

. E’:@:

.hlater and were tested on plates of ﬁA P- 3ASE and TSBA that.
?were 1ncubated at’ 21 and 28 C.for 4wk d - |
tfﬁ#“ .Of the 11 relsol%fedhstralns of--g 22—f n1ne ( g 22 b
;Fffé7_;f;xfh -—k 'l,i—r a;d -s) showed ndﬁobv1ous bacterlal
contamlnatlon by m1crosgop1c 1msﬁ% . l
E;:sgdlater and were con51dered to be %unctdonafﬁybaxenlc.-w'a_ﬁ‘};”

:foﬂt apparently uncontamlnated”%%ralns

“Ut the 10 1solates that appeared“to be bacterla-rree,

- -

four showed no obv1ous contamlnants on any of the three test SR

el .'\

;medla. SLX, however, showed conqpmlnatron on. P 3ASE The;'

, .

.’3(A81-15(B1) g—14 19 and 25) showed rio contamlnants ﬁf
‘,when re tested on p- 3ASE at 21 C for 4wk* ikdﬁ;fffa;.v .

Straln A81—15 (B1) g 22 W 6wk old) was dlluted and

", 20° cOres were taken
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Dlagram of the steps 1nvolved in the improved washing method

”‘for obpainlng functlonally axenic strains: of P. ‘catenata’ A81--

. 15(Bl)-g. PCA = Plate: Count Agars: NA = ‘Nutrient Agar, P- 3ASE =
P-3 Was hed Agar ‘and Soil Extract.v TSBA= Trypticase Soya Broth™
P 2A P 2 washed agar.'b* a apparentlv uncontaminated :
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The search for a type c: toxic straln of Aphanlzomenon

FIOS aquae from Lac La Nonne, Alberta proved to be.-

J

-

U

tyffbe1ng made to 1solate a tox1c Stra1n(s)

unsuccg:sful The search however, has led to several new

‘_,

.v-l

Pseudanabaena Catenata and other cyanobacteria and better

ways to_owtai

clones.-gw

both 11qu1d and agar medla.;- "-f*'-' S “Tr#

W
-,

Mason et al (1982)? hawgar.aently descrlbed

» .

wh1ch acts as an aptlcyanobapterlal ag}lt agalnst a range of

?.alternate spec1es.tTﬁ3’dlscovery o ,éUch an agent suggests‘

¥ ”

U the p0551b1I1ty that 51m1Iar compomnd(s) may havew'

¢I »r_‘

fTwo:"take over ,cultures were found.xoxexhlblt

-

I . .',t__

fﬁconvulsant act1v1ty. However, these were lost perhaps by

‘fsuccissaonai changes, yhllst unsuccessful attempts were

P

e R TR S

‘ .l . >

cyanobacterln,_from tHe cyanobacterlum ScytoﬁemaJhofmannr,

'&contrlbuted to the "take*over"'of cultures by P catenata.{iﬁ

flndlngs about growth requlrements and membrane 1ntegr1by of '

-, ,

a - DR Sy 0 ST
S «a
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In'lacdstrineucomditiohs, the appearance and
~vdlsappearance of tox1¢ blooms on a. day to day ba51s 1s well
ldochmented (Carmlchael and Gorham 1981) Bloom tox1c1ty Ts

'correlated WIth local1zed or genétallzed dom1nance of one or;

’,tmore tox1c stralns. The declfﬂe‘or loss of tox1c1ty 1s

'llnked to dlsper51on and m1x1ng It may also 1nvolve
N . i"

 abol1t1on or suppre551on of the correct genetlc codlng Q’,i"‘ ?
Wt

) requ1red to malntaln a state of tox1c1ty (Hauman 1981

Y AN i : «
o = Wy .
D % i ‘W‘ﬁw ) g

’Hauman et a7 1982) ﬁ ,”3 fﬁi : _lfl;lf R *“%_V;f:'é_of“

s__ | 4‘ : . . . ’ o o : o Y I m_”' & ’
R The p0551b111ty that convulsant act1v1tY$was caused by

¢

le

';]a bacter1al endotox1n was 1nVestlgated ‘Freeze dr;ed

. . '_' . ‘5 ‘_, .(

49
_ s R
5extracts of the f1ve major Gnam negat1ve contamlnants from

r. ; . " A ,‘\- -..,

}the two tox1c "take ov%r -cultures fere 1ntraper1tggeallya

,\ [N .
- -

-hlnjected 1nto mlce. They exhlblted s1gns of slow death oo
characterlstlc of'bacterlal endotd&é% p01son1ng Slnce ft 1s-' d}
| fl,unllkely that the dom1nant bacter1al spec1es 1n tgqs .. fl&
'ffﬁtake over culture dlffe ed to any great extentmfrom‘those

A .
A : \qﬂ‘a .

y in the rema1n1ng 72 "take overm cultufes 1solated from thelj?'“

d-*same lake,'lt 15 con51§ered l1ﬁely tgat the convulsent‘f x1n
',':1-\,'.-: . -~ ‘ LA . : i ‘ ;
L was cxanobacterlal in- orlg1n.
« .

rA-u

. .f

TheSe,endotox1ns express

endqtox1ns 1n drlnklng Water' '
_% hﬁ,Jnarked 51m11ar1t1es to thOSe found 1n Gram negatlve
?-r"- DR S
“ bacterla. Thereforeawgny of the effects W1tnessed on f”~v

. V

admlnlsterlng a m1xed bacter1al/cyanobacte51al‘cultuqﬁ to”

m1ce could also be attrlbuted to cyanobacterlal endotox1c




Ce . .80

-rather than exotox1c act1v1ty.“;aﬁf7

*

"'f . Attempts to 1solate a functlonally axenic&clone of P

o

:h Catemata A81—15(B1) us1ng publlshed methods fa1led

repeatedly Kraus s Gamma radlatlon method proved to be more o

" fi Lytlc to the cyanobacterla than to the bacterla at all [
4 " . ) . ? .
dosages tested Carmlchael and Gorham s phenol method proved
: : . : i'x
i to be unsatlsfactory w1th P cat éta and other stra1ns~of :

\ ~-" ﬁ P

‘” f.cyanobﬁ%terla.”lt 1s now thought p0551b1e that h. hv:,

;
: F e EE

. ?JQ “5 < g -'u'g R :
>=£,' pastggL ,have been caused by damage durlng suct1on waSHQng, .
' to remove the phenol “:gf;‘f'fwfxbfl jgfi}*g;;;;.;;@ Vijiff"fQ

5 14 [ > LN y L i ;. -‘“ﬁ)‘l‘x" :
'%otlg enrlcﬁ%ent method of Vaara and Vaara R

e ?fit 1nduced sta51s in thq&papterla'rather than the1r”§
= s, : 4‘:,: St " . PN
ellmlnatlon. Vlable colonles*of 5 Catenata that appeared ﬁ

bacterla free all showed contamln@nts after theygwere cored ﬁkffy

"ﬁ;andocultured in quUId medlum. '? ffff
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Slnce antlbac%erlal agents us%d alone or used along

lq

with phy51cal manlpulatlon caused P catenata to lwse,:a‘

-bgnew, gentle washlng process was dev1sed to reduce the

numbers of bacterla and mlnlmlze the llkellhood of puttlng L

)

qu .' extent that autolys@ oc'curred ‘“' 5 ‘:\,_v e '.‘,.’*

wqﬁ vefy clear cut off“'p01nts w1th respect to the range ofl

‘.;Hhe remalnder 1nto sta519u.After a few washes howeger, the

, fllaments d?sappeared complttely,_lysed cor were in stasas R

-

.‘*ib_w1th1n a few hours of platlng The washlng process, although v

‘e - . ' '

successful 1n reducr@gﬁthe numbers of contamlnatlhg

'féze

.

JJau_ P R SERERIA

vwﬂiﬁb j A dextran (MW 81 600) at a; cogcen;ratlon of J%iprovedf;b;

0\ ‘e » S
: Y .

to be the ‘most. effectlve membrane protectant for J'd'ﬁ“if‘“

P. Catenata.uThQ,sg}eenlng'experlments prbv&ded evldence‘of

w(jg ® N

™

l

"reduce flexlng or-othe

"1' ’

correspondlng anreas@ 1n”the hlSd%Slty thereby

. above optlmum concentratlonS’ e
.1” : TR S
numbe? of bacterla that were not washed out. s
| = ! @,

Mf; concéntraggons of dextran that proved benef1c1al to(v1able fg“if;
' f1lament recovery The‘%ptlmum range was 0'75 to 1 5%‘U$bové o
- (- . ryg._v\ :
or below these llmlbs the percentage recovery oﬁ V1able B
"'*;'.'? Sy T
f1laments dropped markedly.
«’! en,}- 'e “\
protect1on afforded b@_ﬁﬁ1s moleculé v;
‘:I X .“- o
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Osmotic d1fferences were examlned as the possible cause

‘“ of the dlscrepané:Zs recorded in the recovery rates between

T,

the varlous colloids and concentratlon50thereof Regulatlng

the osmolar1ty of each solutlon to the same value as that ‘of
the dextran 81 600, .at 1% d1d not 1ncbease the-humber of 4

v1able fllaments rema1n1ng after the washlng process,o

S

f1nd;cat1ng that cyanobacterlal ly51s coul& not be attrlbuted‘

to osmotic stress.
)

A more plau51ble explanat1on for the optlmum
concentratlon range for dextran of" approprlate molecular
welght would seem to be 1ts affznlty for cell walls. At

_; above—optlmal concentratxons, f1laments become SO heav1ly
coated that they sedlment upon the surface of the f1lter

membrane, thereby effect1vely el1m1nat1ng them from the,.

recovery procedure. _
The series of scannlng electron m1crographs shoved an.
'rlncreas1ng'deposrtlon of dextran u%on-the fllaments-of P,
catenata over the. course of three hours. Although the
experlmental condltlons used to obtaln the m1crographs are.
not strlctly representat1ve of';ctual washlng cond1tlons,l-.“
(51nce the fllaments do not szt in dextran ‘for three hours)

! they do 1llustrate ‘the fact that a coat1ng of dextran is

"c‘ v

la1d down upon the cell envelope of P. catenata durlng the,\

kN washlng process. Whether the encapsulat1ng materxal 1s S

,h ;ovalently bonded attached by weak hydrogen bonds, or
's1mply rests upon the surface of the cyanobacterla 1s

unknown..However, the structure of a dextran molecule (F1g.

-



LY

[P o ‘-' L . ) . :m .

.

3) 1nc1udes a number of hydroxyl groups that are free and

e avallable to bOnd There .is a p0551b111ty that these charged

' areas react with an opp051tely charged portlon of the

"layer.

&

cyanobacter1al cell envelope to. produce ‘a’ bonded ‘dextran

s



','/‘:.". 5 \
< Figﬁre 3. _,Pa’rf:ial s‘tructure;'pf‘ déxt;:an from Leuconostoc mesenteroides
. ‘'strain B512. It has about 952 a(1-6) ‘glucopyranose linkages:

-~ with 5% a(1-3) glucopyranose linkages at the branch-points.
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— The f1ne structure of the ceIl wall of cyanobacterla 15,

”‘.of Gram-negatlve type (Frank et al 1962 Lamont 1969 Butler[.g;

“'??and Allsopp, 1972) (F1g 4) The 1nnermost layer of the cell ., o

) wall the peptldoglycan layer, overlays the cytoplasmlc
memb;ane..The outer membrane of the cell wall appears as a

: double track structure 7 10nm 1n dlameter. In ultrathln
| :
sect1ons 1t appears to be separated from the peptldoglycan
- IN B
layer by an electron transparent space (Butler and Allsopp,;

'f 1972) However, thls space 1s now thought to be an artlfact

of the preparatlon as the outer membrane and the

o

s

pept1dog1ycan layer are t1ghtly connected 1n freeze fracture Zf‘V

Jf preparat1ons..A layer of s1m11ar 1ocat1on and appearance 1s
found 1n Gram;negat1ve bacterla and con51sts of '
llpopolysaccharlde (Osborne 1963). It has been found that
2 3% of the dry wezght of Anacystls nidulans is’ : '

wall-assoclated llpOvaysaccharlde of whxch about 60% ‘is’

carbohydrate, pr1nc1pally mannose, but Wlth glucosamlne,u.f;;"‘”

2 am1no 2= deoxyheptose, and other sugars also present (Welse;;f

et a] 1870).vTh15 arrangement of cell wall layers (F1g 4)
promotes the p0551b111t1es of both hydrogen and covalent

bonds assoc1at1ng wlth the dep051t10n of dextran.
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f“;fFigure 4

,‘cell envelope“ CM, cyt*oplasmic memb%ane, CW, cell wall (PL, peptido-~‘ R

jglycan layer + OM outer membrane), S external layer (slime or. sheath)
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Rampllng_i1925lT_uSLng_fluoresce1nylth10carbamoyl3li””
.ffdextran (FITC dextran) w1th a molecular welght of 40 1001f“n'\

yvfound that 1t formed a loose adherent coat on erythrocytef];ffyl'

'7,membranes cau51ng a decrease in- the membrane flex1b111ty.lfi;flﬁ'[1[

l

: More recently, 091so et al 1977 found dextrans to produce a

A

B protectlng effect aga1nst drug—lnduced haemoly51s fn vItPo
'iThe dextrans were found to stnongly 1nh1b1t the d1ffu51on of RS

haemoglobln and K+ They concluded that the protectlng

ltleffect of dextran was due to the 1nh1b1t1on of d1ffusxon of

"{*haemoglobzn and K+ thereby stab1llz1ng the cellular membrane

'Asii10x10ml washlng, a theoret1ca1 d1lutlon of 4 1x10'5; whlch

'd;tshould e11m1nate all but the occa51onal bacterlal cell

friand reduclng permeab111ty.,:ff' | o

| » The coatxng on the outer wall layers of the _

5'icyanobacter1a may therefore act both as a physxcal sh1eld
;yprotect1ng aga1nst damage 1ncurred durlng tﬂe wash1ng ;fﬂj:ifufhffﬂ

S g
.'process,‘and/or as a chem:cal protectant preventlng

bfflncreased cellular permeab111ty by decreaszng K+ efflux.'f‘?”eﬁﬁ

Dextran w111 allow fllaments to- pass safely through 5 SR

"“fﬁ_reallty, although the bacter1a1 numbers are greatly reduced

,tthey are not completely e11m1nated from the f1na1 washed

*f)fpsuspen51on.,Cyanobacterla that 1n var1ous test medxa appear

2

| ’fjaxen1c maY,'ln fact, be contam:nated Gorham et al (1982)

fhave noted that sooner or later bacterla have reappeared ino

'“71;‘what appeared to be axenlc stra;ns once they were retalned

iln the culture collect1on and subcultured 1nfrequently.

‘5fplaus1b1e explanat1on for thlS reappearance seems to be that




J*“the cultures c"ntaln a small number of bacterla whxch are in ' el
f*f;sta51s. Over prolonged perlod of t1me,‘as the culture ages -
"1f.and becomes sta&e, these bacteria resume(growth and B A ‘. ,ﬁ'

f“prevent1ng or overcomlng bacter}al sta51s at the t1me of

Jp;freappear, ag noted by Stanler et al (1971)

After washxng, the problem 1s pr1mar11y one of 'jneg
\ .

‘l-fcorlng or transfer of cyanobacter1al colon1es, thereby

”Zprov1d1ng a truer plcture of the numbers and locat1ons of

- G.

}gthe contam1nants. To thlS end a new medlum, P-3 washed .

";”fagar, was dev1sed to 1mprove the growth cond1t10ns forra

'ahf?'wlder range of bacterla (Table 1)..BY varylng the range °f

"-?fstasls were overcome.,p_ng o

“*f?grew only under narrowly deflned alkalvne condltlons (pH

';pH and temperatures at whlch test plates were 1ncubated

'cond1tlons that caused some of the bacterla to remaln 1n_ :ap'g}

In those plates where the v1able bacterlal count was o

-aiv1rtually reduced to zero, P catenata, whlch prev1ously ) ;'ibh,;‘”

1w3§38 5) grew well w1th1n the pH range of 7 to 9 0bv1ou51Y..__ﬁ7t”£'::'

"’factors that restrlcted the pH tolerance of P catenaka were iﬂ‘""

';ijresent 1n the bacterlzed cond1tlon whlch were ellmlnated by

'"the removal of the contamlnants.;”b*

Use of the 1mproved pur1f1catlon method developed for
. / . / L

if{ffP catenata w1th other plankton1c cyanobacterla, such as

‘"‘lfspec1es as well However, 1t should be noted that a szngle

T?Q:Aph flos-aquae and An sub-cyllndrica, proved to be e

ﬂlreffectlve 1n produc1ng functlonally axenlc stralns of these

‘ ffpur1f1catlon method 1s not 11ke1y to work for all spec1es of f?ﬁvﬁtff




: : Co ’ Co A/x

':.CYanObacteria‘ as env1ronmental and organ1sm1c 1nteract10ns ecv%”y

'~“cond1tlons, culture medla, spatlal separat}owr

”nare too d1verse. Raﬁﬁer, each new spec1es 1s llkelg;to

\ \..\ s ....:] ‘ ‘\JY* g N
bacterlologxcal test medla and 1ncubat1on coﬁﬂbflons t)}§% J
. ;r,\: o .
enable a functlonally axenlc state to be gghlevéd ‘53‘:ih'
. . . . . .. )‘_ ' L
R ra ’
‘) ; :
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 More: about Appendlx I

Appendlx I has been removed from the text because

k"k‘of the unavallablllty of copyrlght perm1s51on. The appendlx

',,"Lac La Nonne (80 km N W of Edmonton, Alberta) durlng the '

’_lwas a report of a paper in the’ South Afrlcan Journal of =
A.Sc1ence (78 357 362) entltled "Problems Encountered in.
tSearchlng for NeJ Stralns of Tox1c Planktonlc Cyanobacterla
“.by P R Gorham, Sean Mchcholas, E A.VDale Allen, Dept.‘,‘
.of Botany, Unlver51ty of Alberta,_Edmonton, Alberta.

Thls paper reported upon an unsuccessful search for "

'.type c tox1c stralns of Aphanzzamenon flos aquae from

‘~l

: A
*summers of 1980 and 1981 Varlous problems encountered

. o o
.1n thls search are descrlbed 1nc1ud1ng ‘a’ hlgh percentage f,,;
-'of fallure to obtaln 51ngle colony 1solates of Aphanzzomenon
7~';caused by thelr gradual but complete take over by a purple-V

'Lbrown spec1es of Pseudanabaena.p
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