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- .. A membrane .filter method for the selective enumeration of blue-—
. ) . -

. green bacteria has been déveloped which on the basis of studies with-

- ¢

axenit stock cultures and field tests has proved to be both practical
- <. > - '

.. and’ reproducible. . The filters are incubated under specified conditions

-

of temperaturé and illumination on a mineral salts agar medium
& supplemented with yeast extract and containing cycloheximide to ’ A

"eliminate eukaryotic contaminants. Axenic cultures of many blue—green

& ~ DR . . ‘ R
 bactéria have been obtaiﬁeLd with relative eage either directly or after

- R S . ’ o ‘ Lo o :
~ preliminary earichment from membrane filter colounies by means of - - Y

”

omnimixer-glass bead disperslon Jfollowed by ditution and surface

plating on mineral salts agar. < . . )

L0
.
¢

»V,' - - ’ o - . . N .
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INTROI&UCTION
. - 'I:here appear .to be 1;6 very satisfactory methods reported in
the literature ,for“cﬁe enumeratiox; of blue-green bacteria from naCurai
wa;ters on a .rOQtine' basis.
Allz;n and Stanier) (1968? suggested the. dilution to excinction
method for the enumeration blue-green bacteria using high .
.;empgrature and a nit;\t:gep—deficient- medigm as selective factors.

L ,
In the same year, Jurgensen and Davey (1968) reported the use of the

agar pour plate’method and a nitrogen—défit‘:ient‘medim to determine

the number of blue;g.z'een bacteria in soils. Both methods however

have obvious limitations since only a relatively small segment o{ the
total viable blue—gx:een population is measured, those that fix atmospheric
nitrogen and are able tO‘ grow at higher températﬁrés.

“ Various modifications of the membrane filter techniqu; have
gained wide acceptance in sanitary, clinical #nd industrial in.icrobié?log-y -
as teviegé& ‘by Mulvany (1965). The method has been espgciallz useful

when applied to liquid samples for the purpose of determining viable

‘commcs'(Jannésch and Jones, 1959) and direct microscopic counts of

microorganisms entrapped on the fﬂters (Erhlich, 1955; Ecker and
Lockhart, 1959; Jannasch, 1958; Jannas¢h and Jones, 1959). The membrane
filter technique. now the method of choice for the estimation of

fecal coliforms ‘and streptococei from some water samples.

7

Recently, .Simard and Blackwood (1970) used membrane filters to

estimate viable yeast impulations from natural waters. Although

almost exclusively used for Ejméracion of chemoorganotrophs, Swoager
‘ 3

b
<

S
( \‘,

¢

1
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and Lindstrom (1971)'£;ported ché aﬁplidacion of an anaerobic modification
qf'the method for the determination of viable counts of thdospirillaceae;

The only qfher application of the membrane filter tech;ique to estimate

numbers of photosynthetiC»organismﬁ is that reported by McNabb (1960) who

used direct microscopic counts for total phytoplanktb; popuiations in
freshwater. T -. : . B : _//
- | In view of the wide application of the technique, it is

surprising that the membrane:k filr.er method has not been used for the :
estimation of blue-green bac}teria. It\ is therefore the purpose o_f.
this report to describe tﬁe successful applicatic‘m of tile fnembrane
filter techniqué.co the selective enumeration of viable blue-green
pOp;xlations from natural waters and aéditionélly‘_to de‘scribe how the
method may be a&pted to the isolation of blue—green bacteria in pure

r

culture. 7y
The difficulty in\ogx:aining axenic cult?res of blue—-green bacteria’

may be attribxited la_.rgely.to\ the presence of a copious slime or sheath
in which most blue-greens are embedded and in which other prokaryotes
are frequently entrapped. Numerous techniques have been tried to obtain
pure cultures ﬁ&-'vaqmé degrees' of success irncluding standard sx_xrface
plating me thods (Ge.rloff.»eg_ ;_a_j:, 1950; Allen, 1952; ét.anier et al.,
197i), ultraviolet irradiation (Gerloff et al., 1950), antibiotics

~ (Tchan and Gould, 1961), cioning of homgonﬁ (Bunt, 1961), detergexits_
and phenol (McDaniel et al., '1962), atomizer treatment (Wiedeman et al.,
1964), hear treatment 'Cilieri.nga, 1969')_', and phototactic migrat:i.an

(Stanier ‘et ' al., 1971). These techniques, however,' are either too

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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R N
~

leboripus pr relatively inefficiant ~f9r use Gn's routine basis.

In this report it is demdnstrated that the discrete colonies °

formed on the membrane filters, .coupied with glass bead disperSiorl '
. o DR B

and surfsce plating, provid’e a éOnvgnient and ’ré.pi& means for the < e

.

-

isolation of many blue green bacteria in.pui-'e .éult.pré.

.
- ¢

bd
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\\ : MATERTALS AND METHODS

(

Cultures ‘ A -
- The follonng axenic blue—green bacterial cultures received

from Dr. R. Y. Stanler were used during this study Ana.cystls nidulans,
- N\
. strain 6301 and Berkeley isolate, strain 6312 (Stanier typological group

3 - ¢

IA, Sta.rner et al., 1971) Berkeley 1sole.te, strain 6903 (Stam.er

typologlgal group IB); Gleoc ;gsa alpicola, strain 6308 (Stam.er o g

typological group IIA); Berkeley isolate, str&in 6501 and Gleocggsa £p.

6909 (Stem.er typologlcel group IIB) Chloroglea fritscHii (Steﬁier

- typologlcal group III); Ansbaena sp. and Plectoremsa-sp.

® ’

- ‘ ‘ Eukaryotic algel cultures of Chlorells mﬂg&ﬁs, Chlamydomonas

reinhardtii and -Scenedesmus guadricauda were supplied by Dr. D.G. Wallen.
. - Two isolates of the division Chlorcphyte from this laboratory were also
. o * ‘ ’ ‘.A \

used during preliminary studies.

Media and Conditions of Cultivation -

. _ 'I’he',bagic mineral medium used for the maintenance of cultures

- 2

and for all experimental work was thdt of Hughes et al. (1958) as

pe

‘modlf:.ed by Allen and Stan:.er (1968) and designated BG11l (see Appendix).

- 'Each’” component og the medium was prepared and au‘toclaved sepaxe.tely and
thé complete basic medium was adjusted to pH 8.0 with N NaOE. As re—a

. quired', the medium was solidified with 1% Difco Bacto agar as described
.+ by Allen (1968). All incubations were at 30 C bx-mder cool fluo;-escent_;

. lights and intensity was measured using & Tri-Lux footcandle meter

" (Grossen GMBH,-Eflangen, West Germany).

7

- v -
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Membrane Filter Technique

Membrane filters of cellulose ;1cetace (Millipore Corporation)

or mixed esters of cellulose (R-B filters, Ltd.) with an average

pore diameter of 0.45 u were used. Surface samples from various
bodies of vater in Essex Cowmty, Ontario were colleted in 100 ml
~sterile s;tgw—capped botties, returned to the laboratory and if possiblé
g{:ocessed the same day. éll samples were agitacgd for 30 minutes on
a,ﬁ'z{'ist action shakér'and when necessary, diluted in BG1ll1l broth ptior
to filtration. Appropriate volumes of 10 to 100 ml of diluted ox
undiluted sample were passed through the membrane using low house
vacuum after which the ﬁ.ltratiov;x apparatus was ringed thoroughly
with BGll broth. Hexnbranes were then placed on the growth medium .
' (see below), incubated as described and examined twice weekly £or the
appeai'#nce of colonies. Counts were made using an Olywpus dissecting

microscope.

' Comparison of Agar versus Saturated Pads Underlay or Substrate RN

-~ Ning logarithmically growing blue~green bacterial cultures

(see above) were filtered t:hrdugh membranes which were placed on

&

either BGl1l aga: or on absqrb':ent cellulocse pads' saturated vith BGl1 N
 broth and incubated as described. Colony counts obtained on the two

ﬁedia fron tht_: ;ame samples were then c:ompared. On ‘the basis of the

i‘es#lts, all subsequent work was carried out using BGll agar medium.

Comparison of Direct Micrascopic and Membrane Pilter Counts

Logarithmically growing cultures of aine blue-green bacteria

were counted both by the membrane filter technique and direct micro-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



?

scbpic examination using a‘Brightline Hemocytometet and :;he counts

compared.

Incorporation of.Cycloheximide (Actidione) ' o

\. N A
During pféliminary work with field samples, it was observed

that the predominance of eukaryotic algal colonies on the filters

often made countring of blue-green bacterial colonies; exceedingly

a,
S

Ndif;ficult." 'I'heret"qre, Eilter sterilized cycloheximide (Sigma Chemicals) '
was added to the BGll agar in concentpations of from 5 to 50 ug]ml

in order t;> determine the optimum concentration pe.rmigting growth

of the nine test .‘strains of blue-green bacteria wﬁileuinhibiting
euka;:yc;cic algae. In subsequent work 20 pg/ml of'_ t_he antibiotic was

incorporated into the solid medium on a routine basis. (see Appendix).

Effect of Yeast -Extré;:t on Colony Counts
| Difco yeast extract (0.01X) was added to the BGll agar 1n.an
at:em;;t to increase colony counts and to obtain consistency among the v
various &ilutions used. .Inid:al‘ly,_‘ counts uSing nine test strains of
noﬁ*logérithmic blue—green bacterial cult‘ures, ix;;:ubatta\d with and |
without yeast extract, were Compa:red. Field 8aﬁples were thén tested
g the enriched medium. In st‘xbs-equent: v;:rk wvith water samples,

> filtets uere incubated on BGld agar contaiixiﬁg ‘yeast extract. (see Append:'li).

Effect of Light Intensity ' L v s

-Field samples were prooéssed as describe‘d and the membranes

incubated under 50, 100 and 150 foot candles light intensity in order .

to determine light conditions giving maximm .colony counts.

-

.

)
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Most Probable Number (MPN) Method ~

Aliquots from each of a series of tez_;fold didutions of vater
s'x.a:gples were i.xmculated Ainto five 10 ml volumes of BGll broth. The
tubes \-.vere iﬁpubat:ed as described for & weeks and then examined
microscopically for the presence of blue-éreaz bacteria. MPN's vere‘
.Q'omputed using.tabl'és in Standard Methods for the Examination of Water

and Wastewater. (1971). The MPN results obtained were compai‘ed to .

those from identical water sé.mples using the membrane filter technique.

Compaxison of Surface Plating and Membrane Filter Counts

' BG1l agar containing cycloheximide and yeast q-kﬁ-ﬁccv was dis-

pensed in 30 ml volumes in petri plates. One ml and 0.1 ml -

" volumes of water samples were spread over the surface of agar plates

with a sferile bent glass rod. Plates were incubated inverted~ .vith
illumination from below, and e.xamined frequently for the. presence 9f
blue-green bacterial colonies. Counts obtained were.compared with thos:.e
frém the megbrme filter method.- |

Isolaiion

R

A modifieacion of the technique of McCurdy. (1963) used for the
isolacion of nyobactetia was adapted for use during this study.

Initially, blue-green bactexial eolonies were pic.ked from the

filters wich a fine needle using a dissecting microscope and transferred'

-to BG1l broth for emrichment. When growth was evident, 0. S ml of a

culcw:e was placed in a sterile Omnimixer vessel (Ivan Sorvall, Norwalk,
Conn.) ccataining glass beads (-100 +120, Flexolite Ltd., St. Thomas,
. SR j '

Ont.) and 2.0 ml - of BGll broth. Cells were dispersed for from

<« . .o
\.

-
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scopic examination using a Brightline Hemocytometer and the comﬁé'
- . - .

~

compared.

Incorporation of Cycloheximide (Actidione)

\

> ———

During preliminaﬁi‘y work with field samples, it }was observed * \/
that the predominance of eukaryotic algal colonies on the filte_rs o

often made countinc of blue-green baccari.é.l colonies e‘xc'eedingly_}

difficult. 'I'herefor:-e., filter sterilizeclnpycloheximidé (Sigzna Chemicals)

was added to the BGll agar in concentratibns of from 5 to 50 ug/ml SN
.;in order to determine "the optimum concentration permitting growth

of the nine test strains ‘of blue—green bact\ria while inhibiting

eukaryotic algae. In subsequent work 20 p{ml of the aptibiotic was

o

~incoxporated into the solid medium on a routine basis. (see Appendix).

Effect of ‘_feast Extract on Colony Counts

| ' Difco yeast extract (0‘.012) was added to the BGll agar in an
attempt to increase colony counts .an'd, to ob-tain'_ consistency among th’e
" various dilutions used. Initially: coumts using x;.ine‘ test strains of
non—logérithmic blue-green bacterial cultures, incubated with and )
without yeast extract, were comparefi'. Fi;ld ‘aamples weré. then’ tested
using the eﬁrichec’l medium. In subs_egue.nt work with s.uit_;:r samples,
filt:eré were incubated om BGll agar containing yeast extract. {see _Appéndix).

v . Effect of Light Intensitj

Field samples were processed as described and\the wmembranes

2

incubated wnder 50, 100 and 150 foot candlea light intensity in order
~ " to determine light conditions giving mxinmm colony counts. — 5%

. . "
-
v

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- | } V‘K//\F\
. Most Probeble Number Method o -

r d
). Aliquocs frox} each of a series of tenfold dilutions of water

samples were ipoculated into five 10 ml volumes of BG11 broch The
't:ubes were incubated, as described for 4 weeks and then examinedp\_—a _
microscopically for &}e presence of blue-green‘bacteria.’ MPN's were

comput ing Cables in Standard Methods for the Examination of Water i

and Wastewate (1971) ’I'he MPN results obtained were compared to
. . -

from identical water samples using the membrane ter technique.

‘ L. C@ariscn of Surface Plating and Membrane Filter Counts _

BGl1 ggaf'cmtmmg.qdohenmidé and yeasx:‘ extract vs;s &is;_ ! -

pensed in Bb ml volumes in petri plates. Oee ml -and 0.1 ml | :
volumes of water z_;am'plee were spread over the surface of agar plates
with a sterile bent glass Tod. 4,1;lates were ihcubated inv_ex-_:e({, with -

. iliuni.;ation from belcw; a‘;.xd e:':an:inedv frequu;x:ly for the I;i'eseixce of .
blue-green bacterial 'colonies; " Counts obtained were compared with thosed
from the menbraneyfilter meehod. - s o

o \ - Isolation - N -
) &

A modification of the technique of McCurdy ‘(1963)' used for the
isclation of Myxebacte:jia was adapted for use du’(.;ing this study.
Initially, blue-green.‘bacterial eo]‘.onies were picked from the

filters vir.h a fine needie usix-ig.a ‘di:ssecting microscope and transferred
to BG1l broth for mriehment‘. When growth was evi;ient:; 0.5 ml of a
culture was placed in a .sterile Omnimixer vessel (I‘{an.Sotvall; -‘Nozva.lk,

“ Conn.) centaining glass bea‘ds_ (7100 4-1_20, Flexolite Lid;; St.  Thomas,
Ont.) and 2.0 m.l of BGll broth. 'éez_._ls were dispersed for frm-n

-

.
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\

60 to 90 seconds at a rheostat setting of ‘80 while the vessel was

immersed in ice vater. After dispersion the 1iquid vas examined .

-

- ;microsc0pically to ensure the presence of intact cells and then

. 7

" diluted using -10—fold dilutions. One-tenth ml of each dilutionm
was spread ovex the surface of a .predried (20 minutes at 37 C) BGll
agar plate with a sterile bent glass rod. Plates were incubated in

the inverted position, illuminated from below and examined daily

wnder a dissecting microscope for Fhe appearance of isolated blue-
green bacterial‘ colonies. Such colonies were‘p'ichl.r.ed and transferred

to BG1l broth and agar.

N In later work it wés found that Otmimizer treatment of colonies

>

- picked directly from the filters followed by dilution and plating

gave more rapid and consistent results than the’ ipitial broth gnrich-
> "
ment procedure.

. . Cultures were tested for purity by inoculation into tubes of

Difco nutrient broth,.O‘xoi‘d trypticase-soy broth, and a dilute medium
»>

containing 0.05% peptone ‘and 0.01% yeast extract in tap water. Tubes

' were incubated at 30 and 37'C in the dark for several weeks and
examined for the growth of b%tterial contaminants. Blue—gteen
_Jdbacterial" cu‘ltt_;res vere also‘exanined.by phase mictoscop§ fot the
e of cor;tamg.nants.'. Cultures tonsideregl pure vere those -
’ | failing to exh;bit gr)mh in the bacterial :es:ne.dia'az;d which,
after'repeated micrbsco?ic ‘obsewgt;m, shoqe‘d no eyidente of

contamination.

- , For i'de:itk:fication puzyoea/wet mounts of the isclates were
' . ] ’ . . .

A

<

-
- 4
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*° ‘zade using both BG1l broth and India imk. The réferences used for
identificfFion vere Stanier et al., (1971), Kenyon et al., (1972),

Prescott (1970), and Desikachery (1959).

o

- . Photomicrographs were taken with a Cerl Zeiss (Jens) Nfpk

microscope and a Carl Zeiss (Jena) sutomstic exposﬁre device using

" nigh coptrast ASA 64 black and white film (Eastman Kodak, Rochester,

R.%.), | ‘ | o Q

\‘?

W

-
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As shown in Table 1, membrane filters om BGll agar yielded

_ ~ . -
} C consi'sten;ly higher counts from lé.bqré.tory cultures, in the logarith-

*

mic phase, than were obtained on pa-ds saturated with broth. Incubation
oa the solid medium a.lSo resulted in increased colony size amd minimized
problems due to evaporatiou.

A comparison of direct mic.roscép‘.i'c'and méx.nbrane filt‘er counts, -
when applied to légarithmic cultui'es, showed ‘substantial agreement
between the two methods (Table 2), indicating good recovery on the
filters and justification for continuing vith the development of the

~

met:hod.

v

Morris (1966). and Palmer and Malomey (1955). showed that .
cycloheximide inﬁibiCS the _grcwthbf eukaryoti.c algae while not affecting
the ‘grqwth.of blue-green-bacteria. Therefore, since it was necessary
to eliminate eukaryotes from the membrane filters, cycloheximide Was
added to the solid medium. Table 3 shows ‘.the.effect of the.antibictic

3  upon thagrowth of seve.rai'eukaryo;;ic algae and ten types of blua——gréen

bacteria. In this study, 20 ug/ml was the mii:imnn’ cogcen:ragioix fn-
hibiting eukaryotes while having no e;gfect upon the growth of blug—gre;n

‘“  bacteria. Growth of the latter was waf fected ;aven at a concentration

" of 50 ug/ml. In tests of field samples (Table 4), mx_ addition of

| 20 ug/ml of Cyclohe_ximide torA the solid rnedimn virtually elini,nated
eukaryotic‘coutaminants and allowed gow.rhat increased colony counts
ofA blué—gteen‘ bacteria.

10
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The .n:edlum, as dgabed thus far, gave reasonabhr good results

with most samples but m‘so_me instances, counts\ obtained at the high

. . - dilutions were not consistent with those of low dilutions. Some
hlue—greens are known to be stimulated by organic growth fax;tors
t(Pringshigm,:JQh;; Allen, 1952; and Provasoli, 1958). It seemed
p03$ible that noh—photo;syithetic bacteria presé_nt at t.he lo;:er dilutions _
were prcvidiig growth fdctoés which.being absent at the higher
dilutions ;-esnl“t'ec_lv in lower counts. Therefore £he effect of the

addition of yeast éxtract to the medium was examined. As shown in
Table 5, consistently higher counts were o‘;tained using nine test
&s'train; of b:l:tzeg-gz-een bacteria. —Th'e rather giri_king idcrease in-
. colony coumte may be attributed to the fact that no e'ffort was made to
.
ensure the usd of logarithmic cultures and most were probably in the
staf;ior{é.z:.y' phase. Cquntgs cbtained from field samples incubated on
. the enriched yeast extract medium were substantially higher (Tadble 6),
ax'id counts obtaiﬁed at the various dilutioms were consistent.
Preliminary 'stud_:ies involved a range of light intemsities. It
V&C_ necessary, therefére, to establish light conditioné yiel-ding
maximum counts on the filters and vh;chwuld avoid the bleaching of
colonies often observed at the Righer intensities. As can be seen in /
Tab\le T, or the three l:.gh intensities tested, 100 foot candles ylelded
..the h:.ghest colon;y counts.. Consequently, lOO foot candles E-rvez:e chosen

as cne of the routine .conditians of :mcuba.tion;-» .

As given in Table 8 colony counts using the membrsne filter

-

technique were consistently h:.gher than those obtained bLy the MPN meﬁzod.

~ T
—
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Teble 9 shows that comparable counts were:obtained between the

-

membra.ne' filter technique and surface plating.” Hovéver, considerable

difficulty in -counting was exper:.enced n‘ch the latter method due ‘co
spreadﬁg cf the colenies over the a.ga.r surfa.ce (Flgure lb) Vhlch
explams why so few comparisons bet'.reen the two methods are av&ilable.
On the fil‘te'rs, colonies g_ener&l_ly remained discrete and easily
countable (Figure la).

Dur:.ng the course of this stucbr 2% blue-green bacteria of
both wnicellular and ﬁla.mentous ‘types vere iso,lated in pure cplture
from vater sources in Essex County, Onta.rlo. Of two al£ernative . '
-procedures sttempted, that 1nvolv1ng d.mrect Omnimixer treatment of
colonies picked from filters, follcwed by plating, gave the more -

favourable results.. During a single run, 8 axenic cult‘ures of blu.e—.

green bacteria were obtained in less then 3 weeks by direct 'tz"a.nsfer..
. / Tlhe isolateé wvere keyed out a.ccording’ to the litez:&ture av&{lable

and Teble 10 lists the orgenisms and the gou'rces of isolation.

Photomicrograchs of the isolates afe shown in Figures -2 to L,

- : , . S _ \

Re
i

Y
¢ A - .
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| DISCUSSION

-

-

- The results indicate that the mémbra.ne filter technique using

BGll agar containing c‘yclohe:d.xgide and yeas{ extract is both a

practical and rep’rod.izcible method for the selective enumeration of

blue-~green bacteria in water. By comparison, _the MP’N method, although

commonly used in the enumeration of cther bacterla, 1s sta:tlsucally

-

of somevhat imited precision and less ccnvenient in many respects.
o Surface plating, although rapid and easily carried out, is limited in

its usefulness by the small sample size that may be a.pplled and by the

3

tendency of colomes to sprea.d over the agar surface. On the filters

.

however, spreading appears to be restricted with the result that colonies

>

are .more easily counted.

~

The mémbrane"ﬁlt.ezjf technigue may he expected to be of con-

siderable practical utility. It may be applied to monitoz:ing

" nuisance populations in domestic water supplies and purificaticn
. N M <\_

plants, to studies of blue-green bactéria associated with the producticn

of toxic factors, to studies of the relatiomship betwveen ¢yancphage and

- (—fluctuations in blue-green dacterial p-opuiatio;s and to ‘other st;.udie;
’/’ in’which blue-green bacteria may ai.“fectvthe quality and charscter of
\/\d’ wa‘berk.supplies. . The method may e:Lso be}used in general ecolog:.cal
. studies mvolving determinations of bicmass, distribution and productznty
-of blue-green bactgrla in ﬁ;.shvater@d marine _systelns. . With minor
-. - modifications it may‘be possible to ad?p‘t; the mwethod to the study of .

13
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certain soils. \

Fl

An important consequence of the use of membrane filters is

the ease with which axenic cultures may be obtained from the colonies

px:'oduced._ By direct transfer of the colonies to an Omimixer,w ’
followed by dispersion_and ﬁlatix_xg, a lzirge number ot/‘é;:l:uxea can be
procured in a relatively short period of time. As evidenced by. the
number and variety of morphological types ‘obtained, the method is
both efficient and rvapid, a significant :merdve’_ant over previous
techniques whiich are both lal;oriOus and too frequently unsuccessful.
'Jéhe availability of an easy-to-use ;.mre culture metho;l may serve to
stimulate furti:er studies leading to the el;.ucidation of problems of

taxonomy, gliding motility, nutrition and metabolism in blue-green

bacteria.
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Figure la and b. Comparison of Colonies
on Aga.r and‘the Menbrane

Filter.

~

N
~—
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Figure 2. Phase Microgr;.;hs of Axem.c
Blue-Green Bacterisl Isolates.
Isolates 1 to B. x 1,3‘;0.
,'Isole.te nunmbers correspond to

) ' the listing in Table 10. . -

o

-

©
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1. ..
. A a Figure 3. Phase Micrographs of Axenic

Blue-Green /gacterial Isolates.
- Isolates 9 to 16. x 1,350. —
-fsolate ‘mmberé co'njespond to

the listing in Teble 10.
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Figure 4. Phase Micrographs of Axenic
Blue-Green Bacterial Isolates.
_ ’ o Isolates 17 toléh.-.. x 1,350.
’ Isclate numbers correspond to

7
the listing in Table 10.-

o~

-
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Teble 1. Compdrison of Membrane Filter Counts on Agar versus

Pads Saturated with Broth. - ' .
) Culture - . ' ' Counts ml * )

Agar . Pads

. Gleocapsa alpicola 6308 o 80 - 570

2 Bez;keiey isol-ate’ 6312 . . 120 .- 610

Gleocapsa sp. 6909 _' 880 510

Berkeley isolate 6303 | 250 210

‘Anabaena'sp: , L20 - /250

Chlcroglea fritschii _' - 2770 - 2220

‘ Anacystds nidulans 6301 o 2710 " 160
'm;ctonez;xg SP. . I Y 1o 430 .-

Berkeley isolate 6501 1210 730

BN

# Average oA four counts

BN

* - - 7
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Table 2. Camparison of Direct Microsedpic and Membrane Filter
' . {M.F.) Counts. ’ '

&ziture . : " Cownts mY
N o Direct counts M.F. Counts

Gleocapsa alpicola 6308 ‘ 2770 2500
Berkeley isolate 6312 © 2630 2680
Gleocapsa Sp. 6909 . 4870 - 4330
Berkeley isoclate 6903 2110 1850
Ansbaena sp. ) . 5 | 3870 " 3710 . .
Chlorogles ﬁ'itschii ' . 5960 y 4750
Anscystis pidulens 6301 . 1?20' o 1660
Plectonems sp. | -~ ue0 - 3866

" Berkeley isolate 6501 ©o32%0 L 3030
* Average of foﬁr coux;ts. . -

. © 3

Q

.-

2
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Table 3. Effect of Cyclobeximide (Actidione).

<,
NS

¥

-

Bukeryotic algae  Cycloheximide, ug ml >
S 10 20 30 40 50
Scernedesmus quadricaud:.{ + - - _ - -
“Chlorelle vulgaris + + - - - _
. [N ~
: Chlamydomomas reinhardtii £ + - ' - - -
Isolate 3% + - - - - -
Isolate 12 - -— - - — _
Blde-green bacteria
(a) Filamentous types + 4+ + + + +
(5 strains)
(b) Unicellular types - + + + - + +
- {5 strains) ' .
. ‘\\ . -
* (+) = growth
(-) = absence of growth -
N ' - \

N\

<+
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Table 4. Effect of Cycloheximide on Counts from the Field
. (counts ml + *) ‘
4 v R I
Source : Control Plates .Test Plates
, No cyclocheximide Cycloheximide 20 ug/ml
h Eukaryotes Blue~Green = Eukaryotes B'lue-Gre_en )
« : Bacteria Bacteria
J ' ' <
’ Cedar Creek - 17,500 - 1,760 0 . 2,179
River Canard . 21,300 1,000 - 2 1,630
. L. Erie. E. beach’ 17,200 . 10,500 o 11,400
Detroit River 9,350 300 ° o’ 360
Sales Pond 1,490 - 2,200 0o | 2,010
. . ) , - 6 :
. e
* Average of four counts ' ’ >
/ B
° $
1
- - V-4

- 4
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-Tgble 5. Effect of 0.01% Yeast Extract on Colomy Counts

Culture  coumts mY
. No Yeast Extract Yeast Extract
) Gleocapsa g&[gicola 6308 ] | e & ¥ T  1k90

Berkeley isolate 6312 . - 1890 , 2k10

Berkeley isolate 6903 510 680 - '

Gleocapsa sp. 6909 : 830 . 1156 .

Anabsaena Sp. 880 830 \
v Chloroglea fritschii | 2770 . | 2610

Apacystis nidulans 6301 - , 2380 | 3010 ’

Plec‘t:onem sp. ) 1220 1730

Berkeley isolste 6501 " 750 1180

- -

- Aversge of four counts

»

9]

- o <
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Table'6. Effect of 0.01% Yeast Extract on Colony Counts from
: Water Samples. :

.Semple Site ' - Comts m 2"

Yeast Extract Ko Yeast Extract

-

- " Dump Pond (1)° B ~ T o220 - 132
Sales Pond S 1600 10L0

L. Erie W. Beach - | o 5060 3350

. Dump Pond {2) 86 50
5 Detr;oit River ::’3’{2 - 206

Marsh {Pt. Pelee) 18 13

% Average of four counts

s
» » - -
N -
’ .
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Table 7. Effect of Light Intensity on Colony Counts '(counts ml-l‘)
o R Sa.m;p;e.site | . Light intehsity {foot cendles)
: ‘ ' 50 200 150
- Sales Pond ' o 980 2010 Tho
. Detroit ‘River . 210 360 170
. Dump Pond 220 S220 7 150
| ‘L. Eric E. Beach 8800 11400 5950
- River Cenerd ‘ 1510 ‘ 1630 890
' .Cedar Creek | . - 1760 ¢ 2170 1160
Pt. Pelee Marsh - rro‘ | T 170 180
L. Erie W. Beach L6100 4760 2590

®* Average of four counts

-
Qe
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Table 8. Companson of Membrane F:ther (M.F ) and Most Probable
: Nunber (M!P. N ) Counts.

- R g . e :
/ Sample site Lol ( ‘. Counts ml ™% “
- M.F. M.P.N.
Sales. pond | | 2010 ] 1600
Detroit River ; 360 © 20
DIJI;IP pond | 220 ' , k 220
L. Erie, E. beach 11k00 \ 2400
" River Canard - . S 1630 540
Cedar creek - ©oa170 920
Pt. Pelee Marsh ) 168 T - 110
‘L. Erie, W. beach ' h?ﬁ(; 2L0o
'. g .

ca

* Avera.ge of four counts

-~
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Table 9. Comparison of Membrare Filter {M.F.) and Surface Plate

Counts (Agar). .

- RT ]
RN # Coun¥s ml L ) i
M.F. o AGAR T

‘1. . 21 ' 22 P
2. 16 o 15 )
3. 22 20

% Average of four counts

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

27.



28,
y .
SN Table 10. List of Isolates: Essex -County, Ontario v
. Isdiate A . Source
- - K - .
- 1. Iyogdbys sp. ' Detroit River ¢ \ :
2. Chroococcus Sp. ; ‘Lake St. Clair :
=2 . ‘ .
3. Aphanocapsa sp. Detroit River -
"4. Synechococcus Sp. - Winogradsky - < B
: Colum - o e
»
s
5. Ansghaena sp. - Detroit River
‘ - X R Fs .
6. Aphanocapsa sp. ) . Sales farm pond
7.  Anahmena sp. © . . - Lske St. Clair. ) Lt
8. Anabaexa sp. : NL&ke St. Clair
} 9. Aiahanocgga SD. Sales farm pond )
10. Symnechococcus Sp. Winogradsky _
. == , © Colum . - gt - |
11. Chroococcus Sp. . { : h,f: Pelee =
- - ' “Rational Park
" - 12. Anacystis sp. oo Marsh, Pt. Pelee
» ¢ : - Haticnal Park g
¢ \ v '
\ 13. Angbaena sp. Lake St. Clair
- ) - ‘ ' ) A ) _‘\
1k, Oscillataria sp. Lake St. Clsair
15. Symechococcus Sp. Winogralsky .
' " Colum >
16. Aphanocapsa Sp. : Detroit River
17. Ckloroglea sp. Detroit River
18.. Ansbaena sp. Lake St. Clair ‘ |
-~ - / .
\ 3

A ‘ N :
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" (Tedle 10 - cont.)

19. Oscillateria sp. o Lake St. Clair
20. PP 1k ' Marsh, Pt. Pelee .
National Park
. :
21. PP T ' ] Marsh, Pt. Pelee
, National Park
< ) & -
2. ¢C-~2 - ' : it Ri
% Detroit R:.vtz- .
- 23. € -3 . Detroit River’ 7
2. PP -2 . o Marsh, Pt. Pelee

Ratimbal Park

-

)
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APPENDIX . -

Modified BG1l mediuim for enumeration procedure

~ : :
‘g/liter : g/liter 7
) ‘ LY - : L4
NaNO, : 1.5 A EDTA . 0.001
K HPO, . 0.039 Citric acid 0.006
MgS0,, . TE,0 0.075 . Fe citrate 0.006
. Na2003 - 0.020p Microelements® | W0 m
" cacl, 0.027 Cycloheximide " 20 .\;ﬁl '
Na23103.91120 0.058 Yeast extract .0.0
J

* Composition (g/liter): HyBO,, 2.865 MaCl,, 0.181; ZaSO).TH,0, 0.222;

2’
NaMo0) .2 H,0, 0.391; Cn $0,,.5 B,0, 0.079; Co (NO.),.6H,0,\0.0kg%.

. A3
- . )/(' — .-
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