A NUMERICAL TAXONOMIC STUDY OF COLD QCEAN
MARINE BACTERIA FROM THE NORTHWEST
ATLANTIC NEAR NEWFOUNDLAND

' CENTRE FOR NEWFOUNDLAND STUDIES

TOTAL OF 10 PAGES ONLY

MAY BE XEROXED

BRENDAN THOMAS HOLLOMAN










. B
o
4 1.
M
'
T
/
b
'

. - N .
. . . R e -
S amis tan —U, R PR -
. L. . -
. . : . . . . -

fe S e o

‘. THESES GANADIENNES SUR WICROFICHES ~~ + 1 -

. T

iw

I * Nq_lonal lerary of Canada o
B Collectlons Development Branch

T Canadnan Theses on

. GANADIANTHESES ONMICROFICHE™ -~ = b

_ Servnce des thésescanadlennes o

.~ D el -
L el et e —
A T
» ¢
. L 1 '
T . v
. r b
i . -
) :
. U
R ; PO '

Bibliothque nationale du Canada . © .1 . - L .
Direction du déve|oppement des co!lecnons R

. Mlcroflche Serwce ' . . sur mlcmfmhe R L . .
""Ottawa Canada - T B - -~
T K1ABN4 e T e T e e e . S
B L R
T’“‘ A : (-' . . '."l‘ .‘::': . C .0 to. g . l. * ’ : '_ '. "‘\
- ' : e [ : 5, . .
NO TICE ORI .

S upon the: quar‘ty ‘of : :the. ongmal thesis submltted for

. “microfilming. *Every effort "has been; made o enstire - -
b the hrghest quahty of reproductron possrble

If pages are mlssung, contact the unrversuty whlch'i.

‘ granted the degree

a'.‘ e

nbbon omf the umversrty sent us a poor photocopy
. . MR
o <. .‘a;A,': - '

s , . . ,
Prevnously copyrlghted matenals (journal amcles :
_ publushed tests etc. ) are not fllmed §

.-L'
N -,

»

accompany ‘this: thesrs

THIS DISSERTATION
.j _HAS BEEN. MICROFILMED
- EXACI'LY AS RECEIVED o

NL 339 ( 82/‘087

” l.La ti‘hl\a

- The qualrty of thls mrcrofrche |s heavnly dependent_' :

Sbme pages may have |nd|st|nct prmt especrally Lo
if-the orlgmal pages'werg typed- wnth a ‘poor ‘typewriter, * -

. Reproductlon m full or’in: part of ‘this fllm s gov-
erned by, the Canadian: Oopyrlght Act;- R.SiC. 1970, - -
el C30 "Please read.: the authorlzatlon forms whlch',.'

e

. Sl manque Tdes pages,.

quallte A A A

" les documents qur font déja. lobjet dun drmt_'”,! i
dauteUr larticles_de revue examens publres etc) neI"" N

sont pas mlcrofllmes

" La reproductlon rnéme partlelle de ce mrcrofllm,

est soumise a la'Loi canadiénne sur le’ drO|t d’autedr,

"SRC 1970, c. C-30. Veunllez prendre connaissance’ des
'formules d autorlsatlon qun accompagnent cette these A

RN

LA THESE A ETE
~'MICROFILMEE I'ELLE QUE
NOUS L AVONS RECUE

La quahte drmpressmn de certarnes pages ‘peut - -
» jlalsser 3 désirer, aurtout si*les .pages ongmales ont été
:’dactylographlees a laide d’ un ruban usé.ou si lumver .
*“sité’ nous a-fait parvemr uné photocople de mauvalse

[

de cette mlcroflche dépend grandement de Ll
la qualrte de la thése soumise au "microfilmage. Nous™ .~ !
~avons tout fait’ Pour assurer une quahte superleure'
L de reproductlon ,' o Coe Ty

vemllez commumquer- o
avec: I un|vers|te qur a confére le grade - §




T P o ST
- e
2 s P A
. N '.' . ., N : .. J .
- : sl e o
.- N . H A O :
. e L SRR |
. . : . * . R L S
3 ) n . K . .. L - S . .
. . e . L \ )
. N - B . A - [ . [P
O A - cee o . R . . »n . .
EERY : : N4 \ . SRR
t. N B . L v L A [ -
. K . I t, [l . .
. . s -, 4 . .
. - S g \ - . ‘ -
’ ' ' e . - V- o
‘ . . . . LN
. . . - SN e : L
o . E .
T e,

... -:'( . ' '
L . . .{\
L ) e \ o
i , ) el
i 2 \
1 . .‘.‘ '-,

SN

T O O

“fj;.f.: B Numer1ca1 yaxonomlc iif”' S
° Study Of Cold Ocean Marlne b
Bacterla From The Northwest Atlantlc

ot

Brendan Thomas Hollohan, B Sc.

I

(Hons.).© ¢ .-

A Thesxs submltted in partlal ;'fiﬁ”." RS

fulflllment of the requlrements for y

the degree of Master of Sc1ence

} ' Department of Blology o

Memorlal Unlver51ty of Newaundland LT

N

7

Near Newfoundland ,-L',ﬁl.kﬁy, .;_:jfﬁﬂﬁe

S T AL T

August 1982, - T - T

ar




tests were explored us:.ng cluster analysis a.nd a variety

o AN . L
' \> methods )lelded sJ.x robust clusters. These clusters Lo -
L

of

R . . N R
b One hundred and forty bacter:.al straJ.ns wére «
n e BN 1solated from two sources, glant scallop ( lacogecten -
y ' mageLlanicus) and seaweed (Alar:.a esculenta) The 1sola-' '
- E tlons from the seaweed were made on tgxree success:.ve
.« : ; , o
_ occasions durlng the natural degradat:.on of the fronds. ‘
‘,'.:' S NJ.ne type stralns from the genera Vlbr:n.o, Pseudomonas, ¥
le . I ’ ':.'
R RN Alteromonas and Photobacterlum were also lncluded B
Cow Apprqxa.matel %/150 charfcterlzatlon \tests were scored for -.//
' o Cn ST
EAN each straln. , All of the cold ocean stralns were gram— U
S E negatlve, motile rods and required Na"‘ for growth { L
A . ,
ey ‘Appi]:ox1mately 60% were fermentat:.ve. The results of 112/

T

o

3
) e conformed largely to source of stralns. 3 The-strains fr'om
e 1_&. esculenta clustered separately from those J.solated from _—
. P..magellanlcus... To some extent the clusters could be ) :
e ',", . further distlngulshed as contalnlng elther oxz.dative or o
S fermentatlve stra*ins and, in the case of the seaweed
o . :
ST 1solates, by t1me of J.solatlon, l e.,‘ early or later in the .
e degradatlon process.. Tests whlch dlscrlmnated each cluster e
) ; ‘ C . N0 [ . / . .
R . were 1dent1f1ed. N The predom:.nant bacterJ.a isolated were
- . ) from the genera Vlbrn.o, Pseudomonas and Alteromonas. :' :
i ' . Although some of the strams could be identlfled:h’t the
.. spec:.es level others could not. The latter stralns may
o pM / L ] .. ) .
. represent new spec:.es of mamne bacter:.a. [
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) " ’ - X ) : /" '_ - ' l
: : A i

i




. LD et ke T e T S I
: e ; 2 oo T N
LR S ACKNbWLEﬁGEMENTS= ;5:ﬂg*."' e

’ ."_.for the advice, encouragement and ass:.stance he supplied
-relating to thlS pro:]ect. .
‘~'support during the summer of 1981, a Well ac. for the

' Internatlonal Congress of ﬂicrobiology,held in Boston,

'»'_'.".'fwork Were presented at a post%ar sesmon.-

S 5assxstance wrth the numerical taxonomy aspect of this

'.prOJect.3-

. "fl‘for gh.v1ng‘ the—-auﬂ%a valuablae mim-cour*-*e 1n electron

,. . - ._V ‘.'ﬁ‘ . :
. printlng hhe electron mcrographs.' ) SR

I wish to thank my supervisor, Dr. John A. Gow, -

.‘J.- 1 ¢

- T

| financz.al support which enabled me to attend the XIII

. ._;
‘ 20 E

Massachusetts, August--" -13 ’1982

:5':: ':"; I w1sh to thank Dr..

Pat Dab:ﬁnett for advice and

» ,,'
ve T

° 4"
- P - '7,-:

i-..,microscopy Thanks are due Ms. C, Eme@n and Mr.,R. Ficken

.---'

' "who gave 1nstructions ~and asustance J.n deVeloping and A

s I am grateful to Dr..,J Gow for isolating the DNA
' {

.'~Dr. T. Patel for generous advice concerning the aromatic

oo o oA, A
. "” ~ . . . a. s .\,_ - . *

'.,':ring cleavage test.l. ;.

'».-\"
i

v

My thanks are due to the techn_lcal staff of the

I also thank him for financ:l.al

.
w Ty

I::f.and Mr E. Fltzqerala *~,“*?L.

=

Grateful acknowledgement ls.

. et
[

assistance received

","Blology .«Depart‘t{ent, especially Mr J Ellison, Ms. C Hawco

o

- -

made for financJ al

',-\--

He!:e, .aspects of this o

I am grateful to Ms. C.\ Emerson and Mr.— A M. Niles ,

samples used for the moles % G + C determinations and to -;"?

ferom the Province of Newfoundland for a .

Vel

.
R (; AN K R .
. . . . o
. S . %o .. ." . '
. e . | . e s
. o9 H B
. 3 - ’ L
. oW [} -
M e - . o
S R « .
: - .. y [ ! - . -
‘e . A )
L. t e T
B :
NN e
e ol .




' Graduate' Fellowship,
' - . N

,

.and “Exrom Mem
ewfouhdland f‘o‘;: “the ' DY,

or

_Scholarship.:
Lopen 2 Ppinally,
... typing this

ial' University of
I Wlah
fﬁ_ééiﬁ, '

CaterW. Andrews Gradiate -
“to. thank Ms. D

allag Saunders for =

RS




" . DI AR S
ABSTRACT . .;x Peen i LR PPIPE PIR 1:.
. ZA&KNOWLEDGEMEENTS , e e iu
ok TABLE op CONTENTS e e e e e s v O
- : 4_'LIST OF TABLES ': : .. % E .;.;.;'-."_-.'A.-,j._"-.v.-i?'f.?.jj'::‘;}'..f.‘,'. Vilgk R
. T fsw 07 FIGURES 14 i0 et s¥ iy qiine e o ik
3 :I._':_";"Jf'_"FRON'i‘ISPIECE,,. ? . iy e i _
i
Slgnlflcance of the Growth Requirement for . :
') ( Sod:.u,m on; by Heterotrophic Gram-negathe . |
3-' : - of. Baumanh- and Coworkers cee -1. e » . .‘7
- /‘ | .A.(a‘).:_. characterization of the Facul.tatn.vely‘ .
. ' L( —e . Anaeroblc Heterotrophlc Marlna Bacterlaf\ -“..._._5 7 I
'(b) Characterizatlon of the Aerob:.c ‘ o ‘
*’ ' ) ,. " \\ o - Hetardtrophlc Marlne Bactera.a ,". ce et iie . ll
| ._ \ o aNumer:Lcal Taxonomy RETRN Sl .:. .. il e . :15
T ,'" . Ratlonale for the Study Descr:.bed in: this | L
’Th951s ....,.,._..»._s_'.',"'.,..-.'.{-. '2A"7‘ “
e LT . R ;
ol S \




R

° R :Identlflcatlon of OTU

s LITERATURE

¥

.'Characterlstics ‘6

OTU Wh:Lch Do Not Cl:ste Cohs:.stently

i

Exoenzyme Proauctn.on oo ds

-

DISCUSSION

-on- o-.nooo.o-’c--c,‘.

SUMMARY \OF CONCLUS IONS
CITED

' APPENDIX a -

<

APPENDIX B

. :
e e e

-‘;.o-.':.j ..-‘o_o.cl:u vels
niqln-ooo--lqlooontnolpo
o-'.u--uocooc.lov.-o.nobc.ol.l

. . v ": ST ! o
;'-o.kc o,lo.o‘..o.l'-l'lt.'l-bl---‘o'bl-_-..no-l'o
oy s . BT " -7

. . X

th' Clusters ....

B

A
® o600
“ o000

) T
® evee

B S

l.l.I‘li'O.
N < N Cae

Ol...-"otlﬁc\llll.-.ll!’._

oo-'---o-p'-'o-.oo..-o.-o
AN

e .

.

-

e o ’. - '\, R . ' L .. :.:,‘. Page l '
RS "'MA’I‘ERIALS AND METHODS ,f31 ‘ L
.5 "I'.‘I . ' 3 - . .. | ..... 3 ‘—: ’
l SRR o : _,‘/Sources of the Stra:.ns s .'.' o edisaiwaiene s svens i 31 Co e
ok \ < (a] . Stra:.ns Isolafed from Scallop e .'~. T R jl
HEREE R .'(b) Stra:l ns Isolated from Seaweed crsve '.' Tifedes 31000 .
. ‘ 1', ) , . ":'," . g : . E ' o - v 4 \ .
B T e ) Type Cu]\tures ..... ,.43'49;- ; '
T T -_SeJ(ect:.on of the Stran.ns Sipediai et ense s annaies 36
S n 37|
N Voo Vo ARd
. "_"."' N ‘ SRUNTE
- ) D . “e Viee e | $ .
. I Ky R et

A g T
:' . " v U & .
o 5 ) \ .




l - Type cv.llltures of mar:l.ne bacter:.a from the ‘

e Amerlc%m Type Culture CQllectlon (ATCC) Y S )

%

o f‘_-_,-'-" Roc\:kvi‘lle, Maryland, that were 1nc1uded

in thlS study as control cultures. e 35

"’ '2 : L.‘.LSt <Iaf organic compounds tested as soJe"l

' f--used by any O‘I‘U

\ '|'-

5 o Percentage frequency of pos:.*tlve e S 3

characters found 1n J.ndiVJ.dual Y.:lusters 79

T 6 _.,‘-."._Characters whlch dlstlngulsh the

L J.ndlvz.dual clusters .o Seadvs .' Ceeernedees 900 =

7 o Some dlstlnqulshing propert-n.es of the -'jf"'_ e

B \l‘ 'l. Slx Clusters ;“:\..v'c -:; . ..-:o Q’ LR n“o vo o 0.0 ‘1".:-» -q‘- ‘93 Y

' 8 N Molesl.-%-v'G +C valu ‘ obtalned for . L
, R "th_ ‘wh'i',éh 5_dp'"nq_t'.fc'i',ustér'“;."qéa_hs:;‘st‘éﬁtgy,‘.; So1e3n
":."_' :10 "_-__,',:Pe centage of 1solates prowmg varlous 5
Cn b exoe Zyies ....c....lOG
-:, | Reries N R

"j';,l;l",: o Identification of the ﬁxajbr cluwt\ers of

.',,.OTU obtalned J.n th:Ls study ... 125

EA PN YO AP SO S




List of OTU use& 1n thegnumerlcal

FRYCAY ‘lb\. el




E LN,
= R A



Jaccard coefj‘:‘i :L‘é“"\t.‘:'yv‘

Nt
v

, "Elec{:fdn mlcrogragh__o OTU"4

i

EIE IR SN T PR Ty R RS T I - T R




2
he
<

.
“,'.
.h
.

19,

f*,zdf"a'

T 51ngle polar flagellum

. . .
Ky ‘e . - '
e s ] - L ° L g
. R o K L. A
B S VSV U S - —
LA .
. "‘~ o

v

TLIST OF FIGURES (cdntinued). -~ ¢ = "

e

Figure « ° T

'17. . Electron micrograph ‘of oTthl'showing a’

: sihéle-polar:flagelluﬁ‘"7

18 f:;jElectron nucrograph of "oTU- 93 shohinglq -

’3f31ngle polar Slagellum

Dendrogram produced by the analysms of a

ik
%.‘

'n u51ng the 51mple matching coeff101ent w1th
. ’ . :“!‘. !
Lt 51ngle llnkage clusterlng ...;;qu.a...;;..

: Electron mlcrograph of OTU 70 showrng a :
|21 Dendrogram produced by the analy51s of

'the~51mple matchlng cog¢f1c1ent w1th s

on
e

“fp;51ngle 11nkage clusterlrg Cerareieenene sl
227 .“ Electron mlcrograph of OTU 12? show1ng a ::

',a -4 o

551ngle polar flagellum .
R SR A
B APPENDIX A -

‘W*}1;‘3f-,Dendrogram produced by the Euclldean

[ P
3 L
. LY
a
.
-, "
. a
.
R
L]
o
Y M .
o
-8
5.
.
L}
. LY
[
L
AT ;
?

.,;'l['il- lestance 00€ff1c1ent w1th relocnte Lo

'-.ﬂéhppclusterlng ..{L;...g;{.,.;..t;;l:..;;{.5.:l
2" ;szendrogram produced by the Euclldean,,;"
~~,~dlstance coe£f1c1ent w1th Ward' '-'hj{.

Clusterlng . b o ees -'.--' . n: '.';.'.' LIS r [ IR ... ." ;.

ER -," - a
P oo e

thé ox1dat1ve, PHB—aCCumulatlng stralns' v

 'the OXLdathe, PHB—negatlve stralns uglng'"'

- Page
..113 -

117

.. 118 %

_.122‘_‘

e

R ' -
206 .




 Figures-

K

I ST R
L IR
o ’ il -
i '
_LIST OF FIGURES (continued) °

2 ;-

‘lDendrogram produced by the Jaccard
i]coefficient with single 1inkage

;clustering ................;..........;..;. 207
Lg?Dendrogram producéd/by the 51mp1e | .

'::matchlng coeff1c1ent with SLngle linkage

»

..(clusterlng_.'..."-.....l...........".....' 208
. Dendrogram produced by the Jaccard 3 . f{["

‘" coeff1c1ent with denSity clusterlng R 209

e g

.
T 4 v
v . ' NS <
) ,
.l' > v,
' " - .
. - e
» . -
5 . D
A} = .
: 1. -
. R N

. :  ‘Page

u ' "l.. K




ST W

! v '
’ : - xiii -
¢
A : :
| .
[N N | . ¥
; . . 3

. .
’ L]
! ~
. ‘.
Y -
.o \ . .
. .
. N ' B
A ) o 3
R Y.
to i » .
s
B . . . N Y
PR ¢ i : . B .
! E «
. > .
. ’
y v ‘a'
. . t
. : . Vit t
’

»'"..ﬂ. the sure. and definite determination (of species of

s

bacteria) requires so much time, S0 much acumen of eye

?

§ and judgement, S0 much of perseverance and patience that
T

there is hardly anything else 50 difficult" .— Muellerr

7 A" . . . . .’
. - \ . : ’
o . .~ . >
i N \ ' I"'
: . . S
! Lo [ R .
. l ' . ey .
' ' N L | L . .
. T A oo ¢
] : ' v o o o
i - o
v N ’ *
. N ...' . ' . ) - '
- . 1 v ' .. . .
. . ' . )
. Lot . -, - . e
N v . . .. .
L . ) (\
. oL T .
‘ A A :
~ . . Lo Lt Lo
~ ST
. . 4 . . '. - .
. " R A \
' b o= . '
. @ e .
&J’ . ',“. R ‘\ .
- v L o

(X




BN

' objects of 501entif1c 1nvest1gatlon for approxlmatelyrap

." q" ,.~ ’
. '| ,L . R N -
.« ..\ - INTRODUCTION
- : O ’ ‘ ; . ) '~ ) . . N .
;The early work o L . )
5 N Bacterfh 1solated from marlne sources have been
~ \ i

century The flrst comprehen51ve study of bacterla 1nd1—f'.:

‘-“'genous to oceans was performed by Flscher whlle on the

é~plankton expedltlon of the Humboldt Foundatlon to the
;;West Indles (Flscher, 1894) Flscher d1d exten51ve ;ff" .

7.J'bacterial counts of surface waters of the north Atlantlc

R}

— Ocean from southern Greenland to the Carlbbean Sea and .

L N

"‘fiof the south Atlantlc Ocean to Ascen51on Island ' Flscher::p”

descrlbed the cultural characterlstlcs and named some of

{;the bacterla 1solated (Flscher, 1894 and c1ted from zoBell,

~

'_1946) . Lumlnescent bacterla were placed in the genus )

fPhotobacterlum Beljerlnck 1889 and several non lumlnescent :

"-heterotrophlc bacterla were a531gned to a newly created

'genus Hallbacterlum Fischer 1894. The Hallbactarlum stralns-

' ,Jrequlred a medlum prepared$w1th seawater for optlmum growth.

' The preflx "ha11 denoted salt or—sea.

'T ‘A comprehens1ve review of the early llterature in

N marlne bacterlology was publlshed by ZoBell and Upham »T;.
P(l944) ThlS publlcatlon llStS the marnne*ggcteria known '

":at the tlme and 1ncludes descrlptlons of 60 new speC1es. L
'Predomlnant among the heterotrophlc bacterla 1solated :};f.

%by 1944 were genera belonglng to several of the groups‘“"

-'{.that now make up the 18 parts of the Bth edltlon of.}

L
[

-



~ Ty

Lo
PR

gBergey R Manual (Buchanan and Glbbons, 1974) Some of these

are' the actlnomycetes Actlnomzces Harz 1877 Mlcromonospora”

3
’“w¢rskov 1923 Mycobacterlum Lehmann and Neumann 1896, and -

'fNocardla TreV1san 1889,'the glldlng bacterla Achromatlum .

"gSche1w1ahoff 1893, gglatoa Trev1san 1842 SaBrosglra ,*'“

'Gross 1911, and Thlothrlx Wlnogradsky 1888 the - splrochete

",Crlstlspira Gross 1910 the splral—shaped SElrlll
' -HhEhrenberq 1832, the gram—posrtive coccus Mlcrococcus Cohn '
',1872 the gram-p091t1Ve endospore-formlng Bac1llus Cohn-f"

'f'1872 the gram—negatlve aeroblc rods ;grobacterlum Conn,

_31942 and Pseudomonas Mlgula 1894 the anaeroblc Clostrldlum

,,,-——-—-——-————

7‘Prazmowsk1 1880, and flnally the gram—negatlve facultatlmely

.l.anaeroblc genera Chromobacterlum Bergonzlnr 1881 Flavo-all-j:

\bacterlum Bergey et al. 1923 Serratra B1z10 1823,-

.”‘Photobacterlum and Vlbrlo Pac1n1 1854.” :”L py{ ;J'_~_:j_.~_«'

',ih;re were no determlnatlve schemes specific for ( .f

. . N Geo.
.marlne bacterla at thlS tlme and, at the t1me of ZoBell
cote L \', ’ T

“and"pham s (194 ) rev1ew of the llterature the current

3ed1tlon of Bergey_s Manual of Determlnatlve Bacterlology

was. the 5th (Bergey et al., 1939) . U of L 335 bacterla

descrlbed 1n the Sbh edltlon only 86 had been 1solated

from the sea.. Therefore, 1t 1s ev1dent that marrne

li_;bacterlology had not recelved a great deal of attentlon
'“in the early years of bacterlology._ In part, thls may
””:have been because,’at that time, there were no known f,‘

-;pathogenlc marlne bacterla.;_,L’-‘h’»nglff“gw . 4]]'

!
S




"Q:negatlve ?acterl

";1nto four broad groups on the ba51s of motllity and

i
P B B

<o

Clas51f10atlon by the determlnatlve sdhemes of Shewan and o

-~

coworkery V”. s -'," ;;_ ﬁ.-oig'_3 o

A 51gn1f1cant advance in systematic aquatlc

: bacterlology was made when Shewan et al (1960) publlshed

a scheme for the 1dent1f1cation of certaln genera of

‘“aeroblc and facultatlvely anaeroblc, heterotrophlc, gnam>*;” -

\.‘*'

"'et al. 1917*-“Ba5 d or’ relatlvely few bacterlologlcalf;“f.
lltests thlS scheme had been developed to fac111tate the1:.§Q5
x,jldentiflcation of 1solates from the marlne env1ronmentf~'

'f;and from sp0111ng flsh.' The scheme arranged these bacter1a3':f

' flagellah ox1dase reactlon,(Kovacs, 1956) and plgment }f7~

.productlon. a) motlle w1th1polar flagella, ox1dase p051t1ve{ﬁ',.f-

. .1} =
(Pseudomonas Aeromonas Kluyver and van Nlel 1936, and
TS

' V1brlo), b) motlle wath per1tr1chous flagella, ox1dase ]“ l

'negat1Ve QEnterobacterlaceae Rahn 1937), c) n n—motlleff

S

non- plgmented short stout rods (Achromobacter Bergey et"'.~"

1923 and Alcallgenes Castellann.’ a.nd Chambers 1919) ,"

'[{and d) non—motlle w1th yellow—plgmented colonles

:.(Flavobacterlum and Cytoghaga Wlnogradsky 1929)

..

. Pseudomonas was dlstlngulshedairom VlbrlO and Aeromonas-'

by reactlon ln 0 -F medlum (Hugh and Leifson, 1953)

“i,',Pseudomonas was subd1v1ded 1nto four groups by the

'presence or absenCe of dlffusable plgment when grown on,,

o

"; vthe medlum of King et (1954) and also by the type 7ﬁ

:'of reaction 1n 0 F medium Aeromonas and Vlbrio could

} ESPGCLally the Pseudonmnadaceae Wlnslow*ﬁ”




- o

B ":: .

e numerlcally analyzed.

lr w1despread in 1ts use.

{ schemes and w1llube dlscussed 1ater, are

i'wbé di tlngulshed by the produ%iion of gas from glucose and

sen51t1v1ty to 0/129 (2 4- diamino-6,7 diisopropyl pteridlne)
‘(Shewan et al., 1954) RPN .f

'- The original scheme was modified by Hendrie et

o> i

o -al (1964) such that oxldase p051t1ve, motile and

: _iperitrichously fiagellated rods that were non—fermentat1Ve

I

were either Achromobacter or Alcaligenes.

study Davis et al._(1969) proposed'that all nonfermentatlve

f; heterotrophic gram-negative rods W1th peritrlchous flagella

[ e

be placed in the SLngle genus Alcaligenes, while Achromo-*-” B

°. o

bacter be reserved for 51m11ar but non-motile organlsms.,ﬂ

.°,>,.

At the time the original scheme was. publlshed lif'““

' ?
Shewan et al (1960) stated that theirs was a convehient

1dent1fication;scheme that did not express a phylogenetic }f.n::t

|

relationship between the groups identified However, they

had applied Adansonian principles ln'their Study and the‘fx'

schemes presented were derived from data that had been ;

e

Thelr determlnatlve schemefwas one '

" . ‘- .

of the first in bacteriology to be based on Adansonian ;

pr1nc1p1es.

N

Gibson et al._
et -al. (1979) have presented qseful rev1s1ons of the h

. earller scheme. The most recent rev131ons done!by the

1

original group are that of Hendrie and Shewan (1979) and

Lee et _a (1979) ' :Mdi;fl'?::lﬁgfg‘ 535.~ ha_!::_m

.
¢ '

¢ 'U S . . e T”“--
" v _' ‘o .

o e \
BN I

In ‘a’ more recent

The scheme has proven to be versatlle and 152 '

Colwell (1962).

(1977) and Sochardﬂf' :

' Ecological studies that have utilized the above jlh1~l

PR
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".~--Aust1n et al.: (1979) ' IKaneko et al

.-{‘,'L bacterla, they were not morphologlcally or phy51ologlcally' T

h 1 \).\ e AR, + -_:-‘. - ‘~_".. ...',.v‘ - ——
o , : T
o . . ,—'. 5 - ’I - ‘. "I. . ' '-' ~ 4
- - v I . ’~|' . ’ = ' N .‘. . o ; 1
e s > S f g . ‘\ s ' ‘;, 2
'Colwell and Llston (1960 1962a, 1962b), BeeBon and Johnson . '
(1967), Doores and Cook (1976)' Simldu et a1.,(1971, 1977),a. RIS )
. . Q.* L o L
/ i Unkles (1977), Sochard et al (1979), Madr1~et al (1971), '

n*h'Relsw. (1975),\Imhoff and: Trilper (1976), Wllklnson (1978a,:-'% : Hfh;‘

: 1978b 1978c9, Atlas et al
(1981), Chan and McManus (1969), Laycock (1974), Kong and ‘; fﬁ;
Chan (1979), Shlba and Taga (1980), Pflster and Burkholder T

o

(1982), 3oyle and Mltchell ';'.: 1f'”.f;o .

(19’65), Kaneko and Colwell (,1.973), GauthJ.er et al. (1975), ’_1
(1979) and Hauxhurst

(1980)._ The W1despread use of schemes based on that

.ﬁf,et al
(1960) is, ev1dent from the above llSt Iélfi' R KR

hﬁ}'of Shewan et al.

.'.‘,'Ir . .- ‘Y\ . . . .
: Slgnlflcance of the growth regu1rement for sodlum 1on by f e

.'<

’ heterotrophlc gram—negatlve marlne bacterla."

: a'a%_et:je Determinatlve schemes up to and 1nclud1ng that ', - ﬁ";z_"

' "VOf Shewan et al (1960) do not dlfferentlate between C f:fﬂlldhl': S
"'—.bacterla of marlne and terrestrlal orlgln although L i,; . ; e
+ ' : . ;’ ' )

T dlfferences were known., Flscher (1894) observed that :: A

fﬁ'marlne bacterla requlred seawater in the medlum for o
zoBell and Upham (194ﬂ) ob.erved that,

4 o optimum grQ\\h . 5‘ s
, /'

g be51des the spec1f1c sallnlty requlrement of marlne e _r,‘-

. dlStJHQUlShable from terrlgenous bacterla.;‘These authors-_f’”

- - W

deflned marine spec1es as those whlch, upon 1n1tial A

{

1solation, grew 1n nutrlent seawater medla but not in fﬂV.?_;/;f=

correspondlng freshwater medla.;?“

\
-~

-,
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-.__, #\Ahe role of 1norgan1c io s ln the ,rowth and

\_ ' ’\_,Zuntll approxrmately 2§3¥%ars 1ater (;

ﬁ MacLeod and Onofrey (1956, 1957) found that seawa'er

marlne 1solates. In partlcular,‘the requ1rement for Na+

._\

}} {i'f; could not be replaced by related 1norgan1c 1ons or by

kX

organlc compounds added to 1ncrease the osmotlc pressure

‘ ff‘3"-\gthat gram—negatlve marlne bacterla could be dlstingulshed

R

NN

:for Na+ in the medlum for growth ThlS deflnltlon has
~I'*become a useful taxonomlc criterlon for d13tingu1sh1ng.
.fgram-negatlve marlne bacterla from thelr terrestr1a1 and
N"-freshwater counterparts-(Baumann and Baumann, 1981 Gow
et 1}, 1981).»‘ f" ". U N

o “ It should be ackpowledged that MacLeod and

' Onofrey (1956, 1957) ‘were not the flrst authors to.'

’descrlbe the Na :requlrement of marine bacterla Rlchter

f".:' - ~:(l928) ghowed that marlne lumlnescent bacterla requlred

“Na and that the Na+ requlrement could be ea91ly overlooked

fflf the organlsms were grown on complex medla contamlnated

“;'w1th 1norgan1c 1ons : Rlchter s (1928) publlcatlon rema1ned

;"',‘;;} relatlvely unknown untll 1t was c1ted‘by MacLeod (1968)

- N . A
o MO
(

.

'metabollsm of marine bacterla was not re fu ly understoodfg
ﬁ

eod, 19 5, 1968)-_fi‘

\ supplied the inorganic ions required for the growt of ,f”

"{:of the medlum MacLeod and Onofrey (1956 1957) postulatedfjl‘

.}from terrestrlal formSﬂby hav1ng a readlly detectable need;?m

| MaCLeOd and Onofrey (1956,‘195]) were unaware of Rlchter s ,;"..

S e i e
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\ . : -
(1928) publication at the time ﬁhey 1n1t1ated their own .|

1nvestlgat10n 1nto the 1norgan1c 1on requirements of

.‘_

5 marine bacteria -i

The function of 1norganie,;ons, espec1ally Na+,'”h

‘ .

, [
l (
“in the gramrnegative marine bacteria has been recently {

coworkers..5 j_f Ifa,i‘“

‘.:f- A departure from the determinative sphemes ba ed é;h

1 ;&"] T iffon that of Shewan et‘ al. (1960) has been made.by Baumann y--*f1;:“,f;
Sl jf;“f”ﬂfl'};'et alu (l97la) and Baumann et al (1972) iB auoid f 5¢g_jr‘ S
'°-[Nrduconfu51on lt should be noted that there are two Baumanns :“;.f”

.:1n this group On some publications Paul Baumann 1s/the ”gﬁ“

4
- first author while on other publications Linda Baumahn

h 37; ':f7'~i_7f\ is the first author. These authors are the first bécterial

: RN . I
taxonomists to recognize marine bacte/ia as enti-tiesw

separate from their freshwater and: terrestrial counter-“'

parts on the basrs of a reﬁuirement/by the marine strains

for readily detectable quantities éf Na - or growth. -

. AN .
v . C. D E
st et oot

"J‘(a)i Characterization of the facultatively anaerobic

heterotrophic marine bacterla..',,if"

‘x Baumann et al.‘(197la) studied l 5 gram-negative, ﬂ,

-~

bacteria of marine orlgin. By the scheme of Shewan et al 1»'

S R PR

“” Vibrio or Aeromonas._ Baumann et al (l97la) e tablished

s
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.elght groups by numerical analysis._ They were separable-ff““

{fby multiple, unrelated phenotypic traits ‘ Six groups _;'-\,f

\

which had deoxyribonucleic a01d (DNA) containing 45 to 4B
‘t: aoles - percent guanine plus cytosrne (E + c) were a551gned
"' to a. redeflned genus Beneckea Campbell 1957.~ All of the dt

strains in this genus, when gronn 1n broth, had a. srngle,

had peritrichous flagella Two groups were . similar to .

spec1es already deseribed Oceanomonas alginngtica o

Miyamoto et al._1961 and Pseudomonas natriegens Payne et

g "'fi al 1961, and were hesmgnated B.'alginolytrca\(Miyemoto

'-,hhirgt_ﬂgf et g ..1961) comb. nov.,Baumann et al. 1971

LAY

\

SN natriegens (Payne et Aal iéﬁlz comb. nov; Bau' nn. et

' 'd}<v, al 1971, respectively.: ‘The 1| maining four groups were '

Tt (

. \ designated new species in'the genus Beneckea. They were“ o
| if i BA ___ELgllll Baumann et al .i9;1"B nept Baumann 'i‘}
et ;a1.11971 B nerelda Baumann et al 1971, and B ‘. = ii
*V§§l~ ; p \agia Baumann et al. 1971 A group of phenotypically T_jﬁ
: .y | y: l”eimiiar“strains haVing many of the,properties of the genus-if?:fj”* L}

These stra1ns°were readily separable from spec1es of this

genus and were deSLgnated B. parahaemolytica Baumann et

{
\al léhl.»:Of the remaining groups, one was identified

\

"'1[fgroup (referred to as B-2) Whlch had about 41 moles %

{‘ 7a\f“G + C content in 1ts DNA cduld not be placed 1nto existing
g .genera.- _ -“‘3 - e

-~
B et S SR . i 3
P f Lt 2. o g

polar flagellum.< When grown on Solld medium, many strains

N nd B .. - ..’ _

Beneckea had been e&cluded from the numerical analysrs. fffﬂ'?57““

r";yas Photobacterium flSCherl Beijerinck 1889 The other 1@;f?y7




Lo _‘4_,.‘

Durlng the past decade other spec1es of Beneckea .

'5¢ were descrlbed. lncludlng B nlgrapulchrltuda Baumann et

al. 1971 (Baumann et lal., 197lb), B harvezl Relchelt and

-ﬂ Baumann 1973 (Relchelt‘and Baumann, 1973a), B vulnlflca

Relchelt et al 1979 and B.. Elendlda I, II Relchelt et

al 1979 (Relchelt et al., 1976) B. proteolytlca Baumann_

l

S and Baumann 1976 (Baumann and Baumann, 1976), B angulllarum

gazogenes Harwood et al 1980 (Harwood 1978)' 3

’“f:? Three new 5pe01es of Photobacterlum have been

described P..lelognathl B01svert et al 1967 (Reichelt

’{:1and Baumann» 1975), P.-aggust Relchelt et al. 1979

--‘;‘ (Relchelt et al., 1976), and P 1oge1 Harwood et al 1980

';{Qulte recently, however, as a result of studles

‘J.on the amlno ac1d seéuence dlvergence of glutamlne ;355'
‘“.synthetase and superoxlde dlsmutase (Baumann et al., ;~. f
';_1980a), Baumann et al (1980b) have suggested the abolltlon

S of the genus Beneckea and the a551gnment of 1ts constltuent

.'l s R '_,—_-,.-""' R ; ..1“ -

II\Baumann et al. 1978 (Baumann et/ al., 1978), and B. sz,—“ o

'“fiepecies, along w1th Photobacterlum flscherl and P logel,f,f ’

' J“to the genus Ylbrlo. The definitlons of Vlbrlo and Photo-ff;;;;;' 7V'j;

'VKEdeflned, con51sts of two ecologlcally dlstlnct grOups.'QOneﬁuff

[

"'ubacterlum were modlfled accordlngly

. ijf. In a rev1ew by Baumann and Baumann (1977) the

;;;)f'authors 901nt out that the genus VlbrlO, ‘as currently

RS c

'Htf.”group is: stralght or: curved rods of marlne orlgln., The .

P tnase : . [ St TSl ny




"f-ﬁlhf;.facultatlvely anaeroblc, polarly flagellated or nonmotlle.f“

;Iother group is V cholerae Pacin1 1854 and related stralns. S

LR 3

.i'fwhlch are 1nhab1tants of fresh water and the human 1ntest1ne.f o

~

'.f:'The two groups are dlfferent becauSe vlbrios belonglng to

:the former group requlre high concentrations of Na for

b rgrowth. The genus Aeromonas con91sts of 0x1dasé p051t1ve,

~

pr

"377;stralght rods whrch ferment glucose with or without the

SR ’ ' f
, ”;-productron of gas., Specles of Aeromonas are §?nmbn 1é§ab—ﬂ

"zrfriet (1960),'stra1ns‘of Aeromonas were dlBtanUlBhed

i?itants of fresh water.f In the orlglnpl scheme of Shewan **"ff

. Ay I
‘gfrom stralns of VlbDlO by the 1nsensrt1vity of the former PR

'ﬁgenus to the VlbrlOStatlc pterldlne compound (0/129) ~#’:~i’“:V"‘

, 'h'However, thls test 15 not rellable for marlne bacterla 1n

'"f;;j-”salts in. seawater medlum may 1nh1b1t the vibrlostatlc
'f~act10n of the pterldrne compound The sole rellable“ S
-fcrlterion for dlfferentlatlon between Aeromonas and VlbrlO

. L. N ‘\ .,
jls a molecular one.- Members of the genus Vlbrlo have a }

L fbase ratlo of 40 to 50 moles % G + C 1n thelr DNA,,whereas
‘;f[members of the genus Aeromonas have 50 to 60 moles % G + C

rg”i(Sochard et al., 1979) However, thlS test 1s dlfflcult

1
Zto perform 1n routlne bacterlologlcal studles.. Accordlng
'l.:‘."\.: X fen 'S
%*u}mto Baumanm and Baumann (1977) the genus Aeromonas would

ki

‘]f?f,con51st of stralns that were of freshwater or1g1n and
L o ‘

2 that the facultatlvely anaeroblc bacterla requlrlng Na

) E)

. ~'.-'

fffvlew of the flndlngs of Merkel (1972) who has shown that -f&‘y,;*"

R

'”f‘presumably would.not requlre Na for growth.. They suggeétedﬂ?‘}ifif"

‘:ffor growth be asszgned to the genus Beneckea (later changed ;'
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‘7of the Internatlonal Commlttee on Systematlc Bacterlology

”*(1 c s,B ) publlshed 1ts approved llsts of bacterlal.names

gf'anaeroblc marlne bacteriarbelonglng to Group F of’Lee et‘

'3Q that thlS group c0n51sted of two blotypes whldh were :
'ﬁw phenotyplcally dlStlnCt from 25 prevrously characterlzed

-me Spec1es-of Vlbrlo and Photobacterlum.

to Vlbrlo) These generlc separatlons have been supported S
by the results of DNA/RNA homology studles (Baumann and : \d?;{i
-Baumann, ‘1975) B ST TR
. I . o ,!-":' S S f o "-f" ‘ !l
ThlS recommendatlon recelved OfflClal approval .mtf,f]ﬁﬁ

L 3 SPRTRY
-zﬂ.ln 1980-when the Ad Hoc Commlttee of‘the Judlcial Comm1531on R

A o

‘.,\

e L. S ST
4

ﬁensen et al' (l980a) submitted 22 facultatlvely

(1978) to an exten51ve phenotyplc characterlzatlon. :f
= g .
The results of a numerlcal analy51s of the data~1ndlcated

57 L .ly'

.-..I'

”fThe Group F- strains "ﬁ

“

(1972)¥characterlzed;218'stra1ns;

Baumann et,fal.




[

L N

R motlle by means %gfpolar or perltrlchous flagella, and

requlred Na for growth.' Computer analy51s of the results S

1y

of the physrologlcal and nutrltlonal characterlzatlon

.,
/)

. 'clustered the strains anto 22 groups on. the ba51s of

, :Whlch had a G+ C c0ntent of 43.2 to 4% 0 moles percent

' et.

3.

R

“Baumann et 'al
.}had a G + c content of 57 8. to- 64. 7 moles percent were h-u“.fr“
3 pl . |
['Wer

"'.LBaumann et al 1972 and P. nautlca Baumann et al 19?2; .

-} Alteromonas marlnoprabsens was erroneous and ltS name was'

. The remalning 10 groups were left Una551gned.

4

phenotyplc simllarltles.' Ana1y51s of the moles % G + € ln-*

(

the DNA of representatlve strarns Lndlcated that the '-'ﬂh' g‘,‘_ o
perltrichously flagellated groups had jLG + C content of/ - o
5347 to 67 8 moles percent, polanly flagellated stralns g i

o

‘had'a G + C- content of" 30 5 to 64, V‘moles percent ‘The

perltrlchouslﬁkflagellated groups were a951gned to the,s;x”

genussAlcalmgenes, and four ‘new spe01es were named---_:ﬂ p"‘,v

pacrflcus Baumann et al. 197 ! cupldus Baumanh et al. : '.”fh N I

1972 A, Venustus Baumann et al 1972, and A. aestus . .

o . e { Toooe A AN

Baumann et al 1972 The polarly flagellated groups '
e

Were placeﬂ 1nto a- newly created genus Alteromonas Baumann

’

'ai_.:_ 1972

Baumann et al , 1972 A. g Baumann et al 1972 A.;'

macleodll Baumann et 1972 and A. marinopraesens

1]

.' E}J

1972.L The polarly flagellated groups whlch

©

.;‘

aﬁed lnto the genus Pseudomonas, and three new spe01es_' '~hm ".}“!

named-- P dbudoroffll Baumann et al 1972 :,marlna

x.“ It was later drscovered that the namlng of B SO
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| .Baumann,_1981) One group con31sts of A. communls and

-t ot L,

changed to A haloplanktls Relchelt and Baumann 1973 o

(Relchelt and Baumann, 1973b) The genus Alteromonas

'p recelved off1c1a1 nomenclatural valldlty and A macleodllg

- was desxgnated the type spec1es (Ad Hoc' Committee; 1980)

Baumann et al (1972) recognized that,.although
y

~ the - specres and(groups descrlbed in thelr study were well i

N

' characterlzed thelr generlc a551gnments’were 1n part o

lw.

>

cumbersome, because of the dependence on flagellatlon and .

ﬁ'moles % G + O‘for generic separatlons.. They recommended

that further work was . qecessary ‘in order to obtaln adequate

b

s e,

generlc tralts whlch would allow the aeroblc marlne'-."'-*__'.-m'..'~

’A-af
..... oo 5
;

Slnce 1972 other authorSohave named new spec1es
of Alteromonas.' These are° A. rubra Gauthler 1976

(Gauthler, 1976a), A 01trea Gauthle

I

. A..espellana Chan et al. 1978 and A. undlna Chan et al

‘

1978 (Chan et al., 1978), and A. aurantla Gauthler and

Brelttmayer 1979 (Gauthler and Brelttmayer, 1979)

' luteovrolacea Gauthler l982 ‘was - 1solated and descrlbed by L
| Gauthler (1976b) and valldly named by Gauthler (1982). :
A hanedal Jensen et al. 1981 was 1solated and descrlbed
by Jensen et al. (l980b) _ C
o ' The work -of these authors ‘has alded 1n the

2 )

development of a better generlc deflnltlon of the genus -

dlstlnct groups of closely related spec1es (Baumann and o

~1977 (Gauthlef 1977)

,
Y

L Alteromonas, whlch appears to con81st of two phenotyplcally

el L,
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. s i) “‘"-"t', 'l" J"‘\‘/ A -
! | T T
.‘,. ; v, ,._‘r"" .
\ “ s 1‘4 ._ J ..‘
' a -
'iA va g and the other group conSLSts'of A. macleodll (the

I f_ type spe01es of Alteromonas), A luteov1olacea, A.

PN

-_haloplanktls, A. rubra, A. crtrea A.'espejrana A .dhdlna

. . TJand°A hanedal. The relatlonshlp between the two groups o T
'}{i . _"_1s stlll under study. Baumann and Baumann (1981) have

suggested that the p0551ble exclu51on of A communls and

A g may allow a better deflnltlon of Alteromonas.‘

N In thelr rev1ew°of the taxononw of the marine

Lo . @ubacterla Baumann and Baumann (1981) state that, although
e e RN SHE ' :
ST o the results of extensrve studles on the fermentatlve marlne

o o ' bacterla permlt generlc ass1gnments whlch are partlally

0 2

based on genetlc relatlonshlps, studles of the ox1dat1ve
; marlne bacterla are’ not as advanced.- Consequently, lt 1s

N necessary to make generlc a551gnments w1th1n the latter

©

group on the basms of flagellatlon and moles % G +. C,.and

'k ‘ f)‘.' :.1.2 not on the ba51s of known natural relatlonshlps.. Forf

purposes of 1dent1f1catlon, the ox1dat1ve marlne eubacterla

are d1v1ded 1nto three broad groups- a) Those whlch are

) polarly flagellated rod—shaped organlsnm not accumulatlng
poly B hydroxybutyrate (PHB) ThlS category 1ncludes all
specres of Alteromonas (moles % G + C . 40-50), P. nautlcap
(moles % G “+ C ,_57 62), and a. group de51gnated H -2. (moles;

"«n’ ' -% G+ C 28 33) ) Polarly flagellated organlsms whlchf

.Jl?' aocuﬁulate PHB ~all of whlch are spec1es and groups of

' . ) e ' @ . ’
ﬂ_~.;.;_' Pseudomonas (moles % G + C 54 64) e) Perltrlchously

'-;-vflagellated organlsms whlch are ass1gned to- the genus

L Alcallgenes. Q' ﬁ';-.' -'u*;_ﬁ .'mf

. .
e e a2

T

‘_. e P ——— (o 4% e = £ A S T P I S e, £ S ) (o A e Y S Ty

. : - LR . N c - . . . . - N v - . - . .



SR

o

et Sy vt e

— -

: schemes of Baumann et ,a (197la) and Baumann et-fal;

descrlptlon of new bacterlal spe01es, the 1dent1f1catlon o

N LI

. ' Aparﬂ_from studles whlch have resulted in thet '

—

‘7'(1972) have rece1Ved mlnlmal usage over the past decade.'f”: LY

"5flarge number of characterlzatlon tests,'lncludlng exten51ve

Ljnutrltlonal screenlng of the 1solates and the determlnatlon

ffor eCOlOglcal studles requlrlng the characterlzatlon of
"uhundreds Qf 1sola%es. However, w1th the acceptance/of

ithe genus Altegogonas and the recognltlon that other'

730f Shewan et fg_ (1960) The former schemes requlre ‘a.

. A
-of moles % G + C.‘ As a- result,,these schemes are laborious

.'Probably thlS is because these schemes are 1nhefently more

dlfflcult to use than those derlved from the orlglnal schemé

a

'fspeC1f1c marlne bacterla ex15t the studles of Baumann s

' group cannot be" lgnored Already an attempt has been<,: n'f},' :'-*x_t'

waumerical“takonomy

\ -

fmade to 1ntegrate the determlnatlve schemes reviewed by

S

"Baumann and Baumann (1981) w1th those whlch orlglnate from

Shewan et al. (1960) In schemes publlshed by, Hendrle . ‘f:f', i

and Shewan‘11979)-and“Lee et- é_ (1979) the.lmportance

of the Na requlrement -as, a dlagnostlc characterlstlc 1s"

’,recognlzed and speC1es of Alteromonas, Pseudomonas, '

=S

' "Alcal;genes, Photobacterlum and Vlbrio can be dlfferentlated.

“a.

=

S W

The developments 1n bacterlal taxonomy and 1n

'determlnatlve schemes 51nce 1960 are the result of the S

_~appllcatlon of new approaches and technlques 1nclud1ng

y e O r N~ i

2

SR
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j-numerlcal taxonomy (Sneath;,1957a, 1957b), molecular

'-iblology and genetlc analys1s (Mandel 1969)
. more. prec1se and much more laborlous method of numerlcal
r‘taxonomy has ecllpsed the 51mpler approach (Sleburth,'

‘1979)

.and Sokal (1973) as "the grouplng by numerlcal methods
uof taxonomlc unlts 1nto'taxa on the basls of thelr"

'ﬁ_fcharacter states"

ey e.,‘all p0551ble tests should be studled for the stralns.

frepeatablllty and object1v1ty

' of organlsms" (Sneath and Sokal l973)

Indeed the

t

T

Numerlcal taxonomy has- been deflned by Sneath

’ The prlnclples of numerlcal taxonomy

fdate back to the French botanlst Mlchel Adanson (early ;?.q?

‘.e517th century), and are frequently called neo—Adansonlan.;-.;t'“

o i

3fAs stated by ColWell and Austln (1981) Adansod1an pr1n01p1esi._:t_f-

1

"’,J:are- :"l) Max1mum 1nformat10n content should be achieved 'j oY

2'2) The tests should bewelghtedequally. 3) Taxa should
. \- oo
‘be. deflned on the ba31s of overall s1m11ar1ty accordlng

ff'to the results of phenetlc analyses (analy31s based on

/

.fthe observed characters rather than on thelr ancestry)""'

A

The princ1pal alms of numerlcal taxonomy are

“If.observatlons are-

'._repeatable w1th1n an acceptable,error-and if-takonomic

K

procedures are clearly c1rcumscr1bed, it'is'honed'that=%

' 'numerlcal methods w111 lead dlfferent sc1entlsts employlng

wthe same data base and worklng independently to obtaln

-~

‘fcomparable estlmates of the resemblance among any group !

:_The development LT
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“and ava‘i’lab‘il-i'ty of 'electronic 'computers, capafole"Of °

,performlng repeated operatlons with large sets of data, are'. ,f

" inecess&ry requa.rements for the advance of numerlcal taxOn-

. -

.'omic methods. Data from many sources, -e. g¢,' morphology,

[ . ! e

workers ..

C A numerrcal ataxonomic study of bacter:.a 1n}volves '

IS

"_-the follow1ng essential steps (Colwell and Austin, 1981)

l) Selectlon of strainS' 2)_ Se\lect:l#n of tests_ 3) Codlng

' .and arraylng of test results

Prlate computer progra.ms and adequate resources numer:.cal -

Irelatlonshlps between strains 'and the clusterlng of I;elated

- J

_ stralns 5) Presentat:Lon and 1nterpretat:!_on of the results

. ' . .
4 .- I

The membere of the set of enta.t:Les to be studled

-by numer:Lcal taxonomy are referred o as operatlonal -

taxonomlc 'unlts COTU) In thls study they are the 1nd1-'

‘.vidual bacter:.al stralns. With the avan.labillty of appro-:‘-

,-rirethods permlt the analysls of data collected for a large

"number of bacterlal strams. These should ‘be sele&,i"., :

th 1nvestlgator. It J.s also important to- lnclude

| " re rencea stralns whlch have been 1dent1f1ed and bear a K

'sclen 1f;Lc nane. These known strarns should :Lf poss:Lble,

1nclud ;' authent:,c type cultures (Colwell and Austin, 1981)

13 the selectlon of routJ.ne characterlzatlon tests that

An ;Lntegral part of a numerical taxonomlc study

}

) Computer analys.is of the |

"'phy510109’Y. and blochemlstry gan be included 1n a taxonomlcf,b

Lo

- _wrthout blas 1n order to avord subjectlv:Lty on the part of "’

.study. ., ThlS' data_ may bes‘tored and made avallable to other e,
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e converted to a numerical format. The s:melest a.s the

' . negative response as 0 : There can be a provision for

repregent a’ broad spectrum of the biological actJ.VJ.tJ.es of

the organisms.‘ An - optimum number of tests which muy yield -.; .

results that are statistically valid is consmered to be 1n
the range of 100 ‘to 200 (Colwell, 1973 Colwell and Austin," R

1981)- It 13 J.mportant to standardize the treatment of all

strains in a test set whenever oos*ible.

Eventually, all resul%:s for a set of OTU must be S

b:.nary code where a pos.itive response, 1s coded as 1 an&.

‘1

noncomparable characters wnich are usually coded as 3

"\

(Colwell and Austin, 1981) : SRR '

The most commonly used term for technlques. wh:.ch

seek to separate data into constituent groups 1s "clueter

L

-analysz.s“\ (Everitt, 1974) s The object of a cluster

[N

ana1y31s is to sort a sample of individuals under investi—

gation into groups such that the degree of assoc:l_atlon 1'

high between fnembers of the same group and low between E

/

) members of dlfferent groups. ' The computations allow a’

v

loglcal stepw1se examlnation of the data, 1nc1udn.ng a:
determlnation of the overall s:Lmilarity between strains .

and a hierarchical order:Lng of the strains according to l

.

their srmilarlty. Many cluster analysm computer programs

are available (wishart, 1978)

The results of a numerical taxonomic study may

A

' be presented by several means, y the most common being tree :
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o _dlagrams or dendrograms (Colwell and Austln,

'- members -of- the clusters. :

’ fzftests -

! subsequent 1dent1flcatlon of new strains.

,__.possn.ble :.dent:.flcatn.on and nam:.ng of clusters.

' analys:.s programs was used..,

vl (Colwell and Austn.n,

B L .

SR

1981)

_Inépectlon of dendrograms allows one to def:.ne clusters of
. .51m11ar stralns and determlne snnilarltles between clusters

Clusters of stralns can be further characterlzed by tabu—

‘;latlnq the frequency of occurrence of each character among

Thls leads to the comp:.latlon of

1dent1f1cation tables based‘bn selected dlscrlmlnatory

0"

Such J.dentlf:u.catn.on tables are useful for the

The J.nclu51on of

' ‘type or reference straJ.ns :m the study -allows for the

v

"':.also be achleved by comparlng selected :features of the :

Clus ters th ch

Jinew and undescr:.bed taxa. 'f. ‘. " A’,}"-:_ o o

:

For thls s tudy‘,

I .
The analyses performed were _

: several that were recommended' by Wlshart' (1978) to test '

_ t:Lons of less than 150 1nd1v1duals. The 51mple matchmq

~

and Jaccard assocn.atlon coeff:.c:.ents were ' used becauae

‘ they are famlln.ar to the majorlty of bacter:Lal ta.xonom:.sts

1981)

Assoc:LatJ_on coefficrents are mosf comxnonly

E computed w1th two-state characters whlch are conven:.ently

U‘;[‘h:.s rray .

,clusters w1th those characterlstlcs already publn.shed 1n
; < ’ .
’-'-,dlchotomous keys and diagnostlc tables.

'“‘,cannot be equated w1th ex:.sting namod taxa may represent '

the "Clustan“'package of clusfer B

, -"the robustness of the class:tf:.cat:ton obtained for popula.':j_-, '. CeE

it

-n
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O taxonomy. :

When charac':te'r'-'
AN A

coded as 0 or 1 (Sneath and Sokal 1973)

' ,states are compared for each pa:Lr of OTU the outcome can be

arized J.n a conventJ.onal 2 x 2 frequency table such as

the one shown here (modlfled from Sneath and Sokal 1973)

Y-

ety A

n: a+b+ c+d

—_

The upper left quadrant of the fJ.gure contalns

the number of characters coded 1 (pos:.tlve) 1n--both .OTU,;

. N € SEUCN

‘ whlle the lower rlght quadrant conta:.ns the number of
, characters coded 0 (negatn.ve) for both OTU. -

-—--A—h,...—\

- ) quadrants reglster the number of characters in wh:l.ch the

- two OTU dJ.sagree, belng coded l for OTU A and 0 for OTU B,

" or the converse.
‘ whlch equals the number of characters in the study. :.Th‘el""
: ofollowa.ng dJ.scussJ.on will be llmlted to the coeff:.cients '

_used in. this sﬁy | . E . - .

., ‘ ) The 51mp1e matchlng coefficrent (Ssm) has been
'I'descrlbed by Sneath and Sokal (1973) as one of the oldest

. and 51mplest assoc:.atlon coeff:.cn.ents used in numerlcal

It was 1ntroduced to numerlca] taxonomy by Sokal

and has been used repqatedly s:ane. -

i

s:.ng the above 2 x 2 frequency table,~the 51mp1e matchlng

and MJ.chener (l 9 5 8 )

e

s o
The other two

n denotes the sum of the four frequencies,'

JE—— R
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o

' .-v-:'-.coefficient may. be def:Lned as. follows‘

o These authors sugges ed that data be: examined us:.ng both

_“ the s:.mple matchlng an Jaccard coeffic:Lents. ,.

coeff1c1ents, numerlcal axonomists often employ dJ.stanc

T coefflcients whlch measure the dlstance between 0'1‘U 1n a \

‘Q)- . ) L 6,

K

-;sSm g a d R
a +b +~-‘ K d(@ '

The Jaccard assoc:.at‘fori coeffic:Lent (Sj')' was'

v

,_l":.--' ’
) I

o ,'_;f:_rst mtroduced to numerlcal taxonomy by Sneath (1957a)

The Jaccard coeff:Lc:Lent is deflned as follows- S b

a + b +- c -

It has been descrlbed by Sneath and Sokal (1973) as the o

' _s::_mplest of the coeff1c1ents in 1ts class.-'_. SR

The s:l.mple matching coefflclent cons:x.ders a total-f_";f'

' '.match between OTU by J.ncludlng all of the pos::.t,lve and

) -'.f,‘negative matches,' and thereby it prov1des an estimation of

\

,overall 51m11ar1ty The Jaccard coeff1c1ent does not
-'J.nclude negatlve matches ln the equa on. ' The men&i@:of
"'both equations have been d:.scussed at 1ength by Sneath and '

Sokal £1973) and" S'okal and Sneath (1963) However, 1t has

'\been emphaSJ.zed by Colwell and Austin (1981) that the Co
' . 's:.mple matching coe 'f1c1ent reflects the presence of a
,‘_-large number of neg tn.ve attrlbutes between stralns, .' L

- . .'thereby givmg an ‘e roneous ivndlcation of s:.m:.larlty. N

In add:.t:.on +o assoc1at10n g51m11ar1ty)

L e i v r————
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pace defined in- ’varlous ways. The most famlllar measrre L

- V N s 1 . d
of d:.stance is 51mple Euclldean dlstance 1n a character

. »_space of one or more dlmensmns (Sneath and Sok’al, 1973)
: 'These authOrs also point out that distance coefflcients are
_the converse of srma.lar:.ty coeffic1ents.. The former are,

T -:Ln fac{:, measures of dlsszl.mllarlty

Euclldean dlstance .'LS an extens:Lon of pythagorean

) - ! FAN
. geometry to t dlmenslonst whEre t equals the number of

L Wb L
;:.gharacters-. The dlstance (d) between O'I‘U :i. and 3 15 glven

'.'.'aSL‘ . T ‘ . "_‘.,.‘ ) ‘..’,' A s ' ’ ) -':_ .. s .
- L. R - .o Y "IN . A e .

‘olo
+|+7
Q 0 e
- -
[oF

e
s

w

E :'I'he Euclldean dlstance measu(: is- a metrlc, 1e.,' _.'l.t has the

: -.propertles of Euclldean geom y If X, Y and Z are OTU

: .and a the Elkclldean dlstance, then the followmg proper-tles,f;

apply (Everlttp 1974) e s
1) a Y 2 0. 1 aix, Y) = 0'then x = Y.«

) A (x 9 = R O
"o a ‘ 4000+ ),

fﬂ-..The thlrd condltlon 1s the one Whlch d:.fferentlates most
'-between dlstance measures and slmllarlty measures. ) It lS

eferred to as the "metrJ.c 1nequality" or “trzl.angul“ﬁr

\_1nequa11ty . RO "f'._- A

PR . ¢
, . S : o,

' Us:.ng the output of the s:Lmllarlty or dlstance

_computat:.ons, cluster analysm can. be use‘d to arrange the '

.“r‘

s OTU 1n a hierarchlcal order, accordlng to overall

—

=

-__.._.,.,_-
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o c:.milarities../ These cluster analst.s methods are class:.fied

: J.nto five types by Everitt (19 74) ‘as - follows.'~ l)' hierarch—

o .
b [

‘- J_cal techniques, 2) partitionz.ng techniques,-"‘_._f?,i_' dens:.ty

Lo search- technlques, 4) clumping techniques,‘ and ) other

ff_'techniques which do 'not fall clearly :Lnto any of the four

- -prev:.ous groups.

i

I-Iierarchical techniques may be SubdiVided into

"." agglomerative“ methods, which proceed by a series of . '- N

' .'\.

‘-"..succ:ess:.ve fusions of the N entities :Lnto groups, and

\,;'_"lelSlVG" methods, which partltion the set of N entitJ.es

B "fsuccesswely 1nto finer groups (Ever:Ltt, 1974) The‘?-'

ﬁresults of both agglomerative and d1v151ve methods may be

e ‘.presented in the form of a dendrogram ' For; this study two

3,'agglomerat1ve techniques were used : These are the smgle

' ;1-:_1.1nkage (nearest neighbour) method and Ward's method..

‘ '1974) Wlth this method, the data matrix is 3canned to

The smgle linkage metho.d was J.ntroducec'i to

;numerical taxonomy by Sneath (1957b) It may ‘be. used wa.th

‘v
. ‘a

'.,eJ.ther similarity measures or distance measures (Everitt, o

"'fJ.nd the pair of O'I‘U mth the highest- s1m11arity (or lowest

N ";dlstance) value.-_ 'I‘he matrix 1s subsequently rescanned to

'larity value. Such a pair may be OTU JoinJ.ng the emerg:.ng

B Y i

R

to the cluster. The scanning process is repeated until

i ‘.all the OTU have been transferred from the unsorted

.‘ ) .' : ',"‘ . \"..: . - _' "‘.-"--__:.' ' oo ‘

: fJ.nd additional pairs of OTU w:.th the next highest sim:.—-: -

“

'f.-:vcluster, or if one of the nair has already been allocated "i,; '

‘to an ex.isting cluster, the other strain can also be added :'7 S

e ——— i v — .o — et b — g i .
, — - - T [T
6 R
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; ':s‘irnilarity matrix to' a cluster (Colvell 'axia‘Au'st'in,. 1931)

In other words, groups- 1nJ.tJ.ally cons:.stlng of 51ngle

'«; ind1v1duals are fused accordlng to the dlstance between Lo

" _thelr nearest nelghbours— -*the groups w:x.th the smallest .

]

.d:.stance belng fused. Each fus:.on‘decreases by one - the'-;-'

_'7'", S -'number of groups I-lence, :Eor th:Ls method, the d:.stance

_Ibetween groups 1s deflned as the dlstance between the1r~

A

T . PP . T "0 '-,"' o

g c f',.j. hy Sneath and Sokal (1973) R o
| ' Ward s: clustermg method was J.ntroduced to ,g,-;, ',,{. -

numerlcal taxonomy by Ward (1963) r- who proposed that at any",-

stage of an analys:x.s the loss of 1nformatJ.on Wthh results ,' .

‘ from the group:.ng of 1ndiv1duals into clusters can be

k

o measured by the total Sum\ of squared dev1atlons of every

b L
po:.nt .from the ‘mean of the cluster to Whlch it belongs. At_' o
each step in the analysw, unlon of every poss:.ble palr of '

o ' clusters 1s considered and the two clusters whose fus1on

: results in the minlmum 1ncrease in the "@rror. sum’ of squares"’_ -

(Sneath and Sokal‘:f’1973) '_ It starts out wa.th t sepccrate

T e g -
M - .

OTUr grOUPlng them success:l.vely 4 Tito t—l t— '-,t_3' .-',,‘; ,

b ol

:' e

group sum’ of squares. A detalled but comprehensrble :

gt AP

HEEY

example of thz_s method may be found ;n Ever:.tt (1974)

WL
ey

':closest members (Everitt,_1974). A 1engthy, tecth.cal - "

d:.scuss::.on of single 11nkage clusterlng has been publlshed t ‘

s ' are comblned (Everltt 1974) .\Hence, this method :LS baSed s

on a. neasure of w1th1n—group Versus among grouo d:.fferences‘ SRS

,’;' N /l taxa, and computlng at each stage the sum of the w:LthJ.n s ‘, .




C1USter analyses u*.;ed :Ln thls study also -1nc1uded a: dens,ltya

' search technique. I.f OTU are depn.cted as po:Lnts 1n a“
- suggestamthat there should be parts of the space 1n whlch
(Everltt, ; 1974) . :

i overcome the main problem of that techm_que, 'namely !

‘ "chan.ning" g Chalnu.ngf r'efers to the tendency of a technique ;.'~'-'

o 1n1t:.ate new clusters (Everltt 1974) _. Coa FESU i

‘ of the data by est.tmating dis;loint dens:l.ty surfaces 1n the

3

In add:Ltron to hierarch:rcal techniques, the

°

| ’-.

multldlmensmnal space, a natural concept of cluster:.nq

the pomts are very dense, separated by parts of low dens]_ty..“,:. o o

Den51ty search techniques are, cluster analysis techn:!.ques
PN ; K . \

Whlch. seek reqions of hn.gh densxty (or modeéx) n.n the data

Several of these methqu have their origirs in

smgle linkage cluster analys:Ls and, arose J.n an attempt to

to J.ncorporate OTU 1ntc. ex13t1ng clusters rather than to Cn R

> . ’ . . 1

. \‘r-

The dens:Lty search technlque USed in' this study

RS

1s s:.milar to mode analysa.s. It was introduced to numerical

taxonomy by Wishart (1969) and 1s a derlvative of 51ng1e '.' L

linkage clustering which searches for natural sub-qroupmgs

sample dlStI‘lbutJ.Ona The Search 1.s made by cons:LderJ.ng a L
sphere of some radius R surrounding each point (OTU) , and - o

count:Lng the number of p01nts falllng in’ thls sphere._-_ -Z‘"., '

Those 1nd1v1duals whose .spheres contain K or more other ‘ f"

:

pomts are called dense po:mts. The rama:uurg lnlelduals

whose spheres contain less than K other pomts are termed




'E'w;dlstlnct procedures (Everlt

"'to lnltlated clusters, and 3)

726 =

.'nonfdense:( Veritt""1974) i At each cycle of the. program

e

.

."l‘the radiu».R s gradually 1ncreasbd so that the 1ncluS1on

”: of more po'nts is. possrble. The p0551ble strctegles

, 1974) l) a method of

:‘1n1t1at1ng clusters, 2) a me'jod for allocatlng entltles

' method of reallocatlng

a

bc;some or. all of the eﬁfitfes to ot er clusters once the '

\

, : -
.1n1t1a1 cla551f1catory prOCess E%; been completed

Startlng w1th a)class catlon of the populatlon

~of N objects into k clusters, gﬁrlng one relocatlon scan

o ¢
';all k clusters are computed R Suppose that the 51milar1ty

between object x and its parent cluster P 1s ) (P x) and

fthe 51mllar1ty between X and any other cluster 0 1s S (Q,-

B ﬁ).' Then 1f S (Q X) exceeds S (P x) the method moves X '

&

c scanned untll no objects are relocated dur;ng one full

. scan leshart, 1978) Detalled dlscu551ons of relocate St

methodology may be found in Everltt (1974) and Wlshart

(1978)

(Wlshart, 1978)"_,Most paltltlonlng technlques employ three

s,

: each object is con51dered 1n tuﬁn and 1ts s;mllarltles w1th :

R from cluster P to cluster Q The populatlon 1s repeatedly '

L0




e

. '._;, o

t other clusters u51ng the Euclldean dlstance coeff1c1ent

L
R

. ' o . N ' X . . _}f’ s ,," l.' ' -
. In summary, the numericalﬂﬁaxonomlc strategy'

LT

”;femployed 1n thls stﬁay con51sted of obtalnlng 1n1t1al
class1f1catlons of the OTU us1ng the 91mple matchlng asso-i
; c1at10n coefflclent w1th 81ngle llnkage clusterlng, the .

thaccard assoc1at10n coeff1c1ent w1th 51ngle llnkage '

- clusterlng,tand the Euclidean dlstance coeff101ent w1th

--,Wamd s clusterlng.- Once the lnitlal class1f1catlon had

:"been found, the data were rescanned to flnd clusters of
thlgh den31ty (natural clusﬁers) us1ng the Jaccard as50c1a-.

hfthn coeff1c1ent w1th den91ty clusterlng, and then

e

-j'rescanned to search for OTU whlch should be relocated to

'w1th relocate clusterlng.: If the ClaSSlflcatlonS produced fi'
by these methods c01nc1de,§then the class1f1cation ls» -

H_con51dened to -be robust (Wlshart, 1978)

'5Ra£ion5le7formthe study descrihéd.inlthis~thesis:_

-«

: In thlS study the taxonomlc crlterlcn descrlbed

‘by‘Baunann and Baumann (1981) haVe been abplled to marlne"
bacterla 1solated frbm the coastal waters cf: Newaundland ;
V'Bauﬁann et al (197la) and Bauman et 1; (1972f studled
ttand descrlbed marlne mesophlllc bacterla ISOlated from a"
"Q;number of sources.' Included 1n thelr sfudles were named f .
. tralns from ex19t1ng culture collectlons. On the bas1s:f“
fof thelr taxonomlc studles some of these stralns were:_‘:“'
"fplaced in newly deflned gene In the study descrlbed 1n1f

‘s*thls the51s psychrophilic marlne bacterla from two sources:'

T e et N o . e L . et b el - . A R L
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were chosen and type cultures were ‘included for reference
. . ST S

',ronlyﬁEQ,» o

The sources of the stralns were glant scallops

“f(Placqpecten magellanlcus Gmelln) and the seaweed Alaria -

esculenta Grev1lle.f The stralns were partlally charact—l“'

erlzed 1n earller studles. Powell (1978) 1solated the

ustralns from scallops and 1dent1f1ed them u51ng a llmJted.
'.'}number of tests‘éﬁscrlbed by Hendrle and Shewan (1966) and ‘,-‘
*z'Baln and Shewan (1968) Eighty-three percent of the |
.'Istralns requlred Na for growth{and were deflned as marrne.:'
leubacteria. Hollohan (1980) lsolated the stralns from A
',esculenta on three SuCCESSLVe occas;ons durlng the process
"_of degradatlon of the fronds._ These stralns were also:"'
flldentlfled usrng ‘a 11m1ted number of tests, but this tlme f
- the dlchotomous key of Socbard et al; (1979) was used.

"Nlnety percent of the stralns‘from seaweed requlred Na+ forlw

_’1n thlS study 1 Powell (1978) descrlbed 80 and Hollohan.

) (1980) descrlbed 108 Na+ - requlrlng eubacterla. Because ;?

some of the clusterlng methods used were . desrgned forf;

-populatlons of 150 OTU or less, not all of the stralns
‘ orlglnally descrlbed were 1ncluded 1n thlS study Approxl— dfw :

‘,:mately 70% of the OTU from each ‘source, were selected

n

Many of the species of marine eubacterla that

1have been descrlbed are mesophllic (Baumann et _l;_l97la;

'-'Baumann et al., _1972_,,,_G<c.utl_uer'-g£ al., 1975) Lee et ’ al,

Only stralns requlrlng Na+ for growth are 1ncluded_,-,ﬂ.r”

oS """'\;I.
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'“»(1977) studled 14 stralns of ma@ine Pseudomonas-llke

bacteria 1solated from flsh, seaweed and seawater, but dld,__f'”':'\

.'not spec1fy the1r optlmum growth temperature It mlght be_"'

assumed that some of these were psychrophlllc because

several were 1solated from codflsh whlch llve in relatlvely

: 'cold water However, the small number of bact%gpa studled

"would preclude any conclu%}ons about the status of psychro—

~

fh'phillc marine bacterla. h

.In the study descrlbed here all stralns except the

-

"ftype stralns were isolated from the northwest Atlantlc Ocean

PP

V»Powell (1980) has shown that, in thrs reglon, the seasonal ,~7
. ftemperature change above the thermocllne can range between

oo ‘l°C and 18°C.' Morlta (1975) has deflned psychrophlllc;

badterla as organlsms haV1ng an optlmal temperature for

'-jgrowth at about 15°C or lower, a max1mal temperature for

growth at about 20°C, and a mlnlmal temperature for growth

o : .
-at [09C or below. In the llterature a dlstlnctlon is usually

-ffmade between psychrophlllc bacterla and psychrotrophlc.
' bacterla PSYChIOphlllC bacterla grow well at approxlmately

'.10°C whereas psychrotrophlc bacterla Wlll grow at low temper—fﬁ

'iatures (approx1mate1y 4°C) but may have an optlmum tempera—

4

ture’ for growth of 200C or: hlgher.' It has been shown that v._i
':populatlons of bacterla from the northwest Atlantlc Ocean.>

4near Newfoundland have the growth temperature characterlstlcs /‘f-:
'of psychrophlllc bacterla for most of the year However, - |

-j‘stralns lsolated from warm surface waters (14°C) in August \;

have been shown to. hare psychrotrophlc propertles (F Mills,

A o
¢
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B Sc. Honours the51s, Memorlal Unlver51ty of Newfoundland, :

St. John s, Newfoundland, in preparatlon, Hollohan et al., -

1982) Therefore the stralns selected for study here are .

presumed to be- elther psychrophllic or: psychrotrophlc..'

Where 0n1y the term psychrophlllc is used in thlS the51s to_.

descrlbe the stralns 1t should be 1nterpreted to mean
- d

T
~

were not done to determlne the prec1se category to whlch'f-

e

each straln belonged. Since over 90% of the marlne env1ron—'

ment (by volume) has a. temperature below 5°C (ZoBell 1963),

,_\'

Baumann and Baumann (1981) stated that 1t would be of

cons1derab1e 1nterest to’ know whether the psyéhrophlles from

. the ocean dlffer from preV1ously characterlzed mesoph11es~
’:'only ‘in . thelr relatlon to temperature or whether they :

. actually constltute dlfferent spec1es. The results of thlS
lstudy would suggest that, although cold ocean bacteria and

mesophlllc marlne bacterla resemble each‘other in. several

aspects, there would be justlflcation for the de91gnatlon of
some-: new taxa. It was also found that clusters conformed

e

1arge1y.to the source of the stralns, w1th the stralns from

,seaweed clusterlng separately from scallop 1solates, w1th

‘geveral clusters from each source.:..

. e 1 |
: ~ ":1_-'.‘\

psychrophlllc or psychrotrophlc~because detalled-studles.: f"
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'r"'Sources of the stral el i.': I

MAQ\FIALS AND METHODS

[
.

.r/ L

The stralns used were part of a culture collectlon

'of marlne bactefla malntalned by Dr J Gow, Blology

T_Department, Memorlal Un1vers1ty of Newfoundland

";the homogenlzed body and v1scera of glant scallops o

'h;31ngle 1solatlon on May 25, 1977 The 'site’ of collectlon of 'l}

: }has been descrlbed by Powell (1978) 3;"‘“z

'f(') Stralns lsolated from seaweed

’;the scallops was Buffett Harbour, Placentla Bay, Newfoundland

“_(Lat 47°32'N, Lonq. 53028 W) (Fig. . The water tempera_f -

~:collect10n was Logy Bay, Newfoundland (Lat 47037'N, Long._f

: August 15 (water temperature, 6°C] and September 2U (water‘lw

'”.{a)\ Stralns lsolated from scallop ;}.;',,f;,a ) 5 ;_:

lfty-SlX of the strains had been isolated from T_

(PlaCOpecten magellanlcus) These were obtalned durlng a:

LSRR u

Iture was 5 8°C and the- depth of collectlon was 16 m. The

a

”1solatlon and’a prelimlnary characterlzatlon of these stralns

Elghty-four of the stralns hadT§Een 1solated from

Vfronds of Alarla esculenta.. In thls 1nstance, the stralns

.pwere from three sub-sets isolated over a perlod during whlch

'natural decomp051tlon was taklng place.- The 51te of

‘52040‘W) (Flg. 2)} at a depth of 10 m. The samples were.

,fcollected durlng 1979 on June 13 (water temperature, 5°C),_.r

etemperature, lO°C) f. 'f ,{"f;" T'i\-ﬁ
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Slxteen type cultures and/or reference stralns o

Inltlally, the blades were collected on June l3
and cut transversely 1nto sectlons 10 cm long.. The portion.i. :

fof the blade used was that located above the merlstem and _f‘

'.Jfbelow ‘the tlp. Sub—samples were placed in sample chambers ﬁ:y

.'-:made of ABS plastlc plpe covered at both ends with plastlc
:;mesh ' The sample chambers, each contalnlng a welghed sample
of A. esculenta brades, were returned to the orlglnal ' . -
h'fcollectlon slte at Logy Bay where they were tled to a cable .
on. the sea floor.i Twenty—four sample chambers were prepared

At each sample date blades ‘were taken from two
*chaj ers,‘welghed and homogenlzed as: described by Chan and
-_'McManus (1967) Samples ‘wére dlluted and plated by the

'spread plate technlque (Buck and Cleverdon, 1960) orty—-

- four bacterial stralns were 1solated from the June 13 sample,'fs“‘

.:’ L forty—flve from the August 15. sample, and- thlrty from the

' "September 20 sample.r These 1solates were de51gnated Dl-l to-
D1-44, D2- 1 to D2 -45, and D3-1 to. D3~ 30, respectively. ,.,fu""

'Detalls of the 1solati0n and a prellmlnary characterlzatlon

: '~}’ﬂof these stralns have been descrlbed by Hollohar (1980)

(c) Type cultures.

',iwere obtalned from the Amerlcan Type culture Collect10n<

(ATCC), Rockvrlle, aryland. _They are“llsted 1n Table l.&

T e p—

e et . L 2t i
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.~vAlteromonas macleodll “Q}amr-”"“”'u
V'ﬁ.Photobacterlum angustum

"4)~. '
-Alca}igenes aquamarlnus e

=35

'-Téble'l Type cultures of marlne bacterla from the Amerlcan{f:

’ Type Culture Collectlon (ATCC), Rockv111e,'

Maryland, that were 1nc1uded 1n thlS study as

S e control cultures.”'

.['Type culturet‘.gy; O A [ o

“J;IAlteromdhas undlna ,'& CoL :7 _jg“,Jf j;i;fj: '*296601-

i’%lbrlo vulnlf;cus 1t;.f,;Tf 75525?:‘ .:fl,i-{iihttnﬁ,.27562l7'w “

‘t:V1br10 splendldus j". 5f;" T.i'-"f‘.f.g:iu:f ,ﬁf3259t&'j

ii"vlbrlo'nlgrapulchrituda 3';{:5:-,?  '.Yi:*i:"n.:: u27043\'

N

S Alcaltéénes venustus-' ?:f; "-f-'(ﬁ: :T_lfnif 71.:'I27125‘”

“'Pseudome\as nautlca.ﬁ ;'ﬁ-.=lf: ) 'Tfh,'Lff:: 1;15“127132i,”

‘-t3Photobacte\ium pho;phoreum ‘ii‘:ﬁ*:&;i}.f‘f‘cf_:'.lff:11040;,~

' _‘Alteromonas Epmmunls }LV, fff B ;3.;.fT ,_5'-:'T27118:t'

'\‘1Alteromonasrv\g ~lf:‘l_¢‘,f?z L ;u;27119‘

o

'Alcallgenes cupldus B j_f  S .1~“"}":\_ 27124;~.“

27126
25915 - -

14400

Alteromonas espejiana o '_‘“1 z T"5:”'--':f;ﬂ'ytt'29659f7f L

e

[ S s . 5

. Y - S
”-Pseudomonas doudoroffll S e e 127123

f'Pseudomonas mariné\ T S “f““ ﬁ";;- T :f;,3t25374{11'

.. K
s Los . .
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'-.:;bacterla Sllghtly more than half (24) of the oxldatlve

~_
”iSelection ofﬂthewstrainsw :
. An objectlve of this study 1s to produce a; dlassr—'f“
“'.flcatlon of marlne, heterotrophlc bacterla 1solated from the - ..
ecoaszal waters of;Newfoundland In. order to reduce the -;”.a._;*/i_-

ﬁfscope of the study only stralns that requlred Na for growthf
".were selected These}are true marrne bacterla as deflned by-“

' ;-MacLeod (1965 1968)

Of the 96 bacterlal strarns 1solated by Powell

-xl(1978) from P magellan;cus 80 requlred Na+ for growth.-a-hg ,_lr
.f;ThlS was 83% of thp 1solates."F1fty—51x of the 80 Na+ : §
frequlrlng strains (70%) were selected for further character{"
iflzatlon ' From scallops, marine fermentatlve bacterla made :ft*'-fh
-:up the mlnorlty (42 5%) of the Nai - requirlng stralns.. Allf"’
"fbut one of these stralns were 1ncluded.1n the current study .ft:iffhr

"1Ox1dat1ve strarns made up the remainlng Na+ - requlrlng :

4ﬁ4stra1ns were 1nc1uded in the current study.. Powell (1978),

',{u91ng a 1Lm1ted number of tests, had found that the oxldatrve

s stralns comprlsed two major bacterlal groups., The oxldatlve - ;fﬂ'

;:_:ﬁselected from the W0’ groups jﬁﬂ;{f"f.jﬂyﬂf

U required Na+ for growth. Elghty-four (71%) were selected

_stralns selected for 1nc'luqmn ‘ln +h¢=43rpqpn+ studv v'u:-rn: . — b

.le‘ Of the 119 stralns 1solated from A. esculenta 90%

'for further characterlzatlon., Therefore, the proportlon of “xﬁ :

S
g'Naf - requlrlng bacterla from scallop and seaweed 1ncluded

l

..1n the current study was approxlmately the same.f However, u

.
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from’seaweed only 19 (16%) of the‘Na+ = reqUiring strains N ‘
.I _If were oxidative. All of these were included in the: present ;:;ﬁ; i
o study. Sixty-four (60%) fermentative Na+_requiring strains :"
J . from A. esculenta were selected for @prther study.: Thege f:fg
jiy | " were’ selected in proportion to their abundance in each of
yf.‘ ot the\three sub-sets isolated during thb course of study of f'
i;;n :h the degradation of the fronds. d ': | - " | |
SN i ;,--., The ATCC type strains indluded in the study were 5'* w}‘:ﬁi
T g; selefted 50 that each curre;tly accepted genus of mariné ?t 2;
: bacteria would be represented Some were.reference strains 'f
, d{ included to prOVide the positive and negative controls for ‘fﬁ-'h ;
Tt ' the individual characterization tests.:rﬁ{igﬁfufdihﬂiifia%:;}: : Ih
f-;} " o . In summary, 156 strains of Na+:-;requiring marine;.~ o
~l{ | ':‘~bacteria were included in this study.; Fifty—Six of these had.,tf'-“{
A been isolated from the scallop Placopecten magellanicus, 84 f
: .:Diflfrom the seaweed Alaria esculenta,'and 16 were type cultures;%~7'ﬁ .
{iibi o :f"ffﬂl | A list of the strains used in this study is- giVen i
'; ;f | /lin Appendix A.i The number asSigned to each strain in this ..3?
'7.§‘}' hﬂ study is given along Wlth the corresponding number from the S
' : appropriate study of either Powell (1978) or Hollohan (1980) i ?
.; ‘ mhis Appendix w1ll faCilitate the cross—reference of data in T ﬁ "Tﬁ
;é?l J this thesis with that of the preliminary studies.,_.fhfié.f(
%at ?-“?fof:”fiﬁééié”v ”rgii".:~-}.dﬁilidng?.#’ixt“f{.ﬁif' B
'f_l' : ‘ Complex media were prepared from dehydrated
;E' ‘ . ; products and ingredients purchased from either pirco AR
..églif 5i}7|: (DetrOit, Michigan)o Baltimore Biological Laboratory (BBL)

Ay
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; (Baltimore, Maryland), or oxocid (Great Britain) Because T;” N

‘ ‘marine bacteria have speCific ion re%uirements the culture

f?'media were rehydra;ed with either 755 natural aged seawater

a -

1ffor a salts solqtion of the followingdbompOSition pen 1itre'

-17 5 g NaCl, 12.05°g MgSO4

'v’;l~ 2H20,' 6 05 g tris (hydroxymethyl) amiJomethane (Tris),,u

7 H20, O 75 g KCl,-o 147 g CaClz

s \"'.

o 0 132 g (NH4)2 HP04 and lO mg Ee (NH4)2 ( )',; British

- ~.Drug,Houses(Canada)Limited (BDH) Analar and Fisher

[.SCientific Company (New jersey) certified A. Q. S reagents

e

5lnwere used to make the salts solution which was prepared in ,.7

: ﬁtwo parts. The NaC1, M9504

7 H20, KCl and CaC12 were :

. dissolved in distilled water,aat double strength,'separately

-_art1f101al seawater (ASW).v

from the remaining ingredients.j ThlS solution was called f.

1]

The remaining ingredients were

}dissolved at double strength, in. the follow1ng order. [ Tris.

" was: dissolved and adjusted to pH 7. 5 w1th conc. Hcl.. The

'f(NH4)2 HPO4 was added and the solution was brought up to

| K.ifulb volume less 10 ml

o,

The Fe (NH4)2 (80472 was dissolved

-.in ld/yﬁ distilled H20 and added 1ast ThlS solution was

'called buffered salt solution (BSS) The salts solution,

fcalled buffered artificial seawater (BASW), was madeqby

o ients were mixed as described, a salts solution was obtained

;;that was preCipitate—free

A,adding equal quantities of ASW and BSS. When the ingred—5-

Solidified media were prepared by adding either

: 0x01d Technical Agar No, 3 at l 2% (w/v) or: Oind Purified

Agar at l 0% (w/V)

AR

@

Complex media were prepared with



S Lk

technical grade agar;' pefined media prepared with purified“/'

agar are noted R “f "T.Jj 13"\"’ ~

Cultures wére malntalned on a medium descrlbed by

.EColwell and Wlebe (1970) It had the follow1ng comp051t10n .
per 11tre 1 0 g Proteose Peptone No. 3 (Drfco), 1 0 g Yeast
1,Ektract (leco) and TZ 0 g technlcal agar dlssolved 1n .d;v'}_i-:f"~ *,f

.:jelther 75% natural aged seawater or BASW ThlS m dlum 1s'
.jreferred ‘to 'as. COlwell's seawater medlum or Colwell 5 BASW'
dumedlum, respectlvely. ff.;f“';'f L a"fﬂﬁjfgff |

o To test, for Na+ requlrement the cultures were
compared for growth on two deflned medla that were 51m11ar fh

y ‘except that Nacl was replaced by an equlmolar concentratlon'

S 4

- of KCl ln one of them The organlc substrates were . 0. l%

"glucose and 0 12 L—glutamate.' These medla were.solldlfled f.
Wlth purlfled agar. . o » . ‘ |
i ~f”'; Yeast extract broth (YEB) was made by’ addlng 0.5%.
(w/v) Yeast Extract (leco) to BASW. This medlum is s1m11ar 1?(3;;§

+o one descrlbed by Baumann and Baumann (1981)

!
l

. Lumlnescence medlum (LM) con51sted of- BASW ’
.'. contalnlng 0. 3% (v/v) glycerol 5 0 g/w yeast extract, 5 0
_g/z tryptone, l 0 g/z CaC03 and 12 0 g/z techn1ca1 agar
i-(Baumann and Baumann, 1981) | X R
-'\:} -h"i The medla used to test for growth on 51ngle carbon L

_{rsources were prepared by addlng most of the carbon compounds B

at a concentratlon of 0. l% (w/v) to BASW The exceptlons

'3 ‘~‘ L
”;,were the sugars which were added at a concentration of 0 2%

(W/V) The media were BOlldlfled w1th purlfled agar h"'

5. e
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1lst of the organlc compounds tested as sole sources of -

carbon and energy 1s glven 1n-Table 2, The method of

- sterlllzlng each carbon compound is. given 1n the table.” 'ff. o

Some substrates were . autoclaved 1n the BASW plus agar, but - |

for the majorlty a concentrated solutlon of. the substrate'”;f

was fllter - sterllized (Mlllipore, 0 45 pm pore slze) and

then added to BASW plus agar that had been sterilized by

autoc!2v1ng and then cooled to 45°C. Further detalls about

the preparatlon and sterllizatlon of organlc compounds can

be found 1n an artlcle by~Palleron1 and Doudoroff (1972)
Modlflcatlons of the medla 1lsted above were .

requlred to perform sOme of the 1nd1v1dual characterizatlon -

tests that are descrlbed next These modlflcatlons are

b

glven w1th the approprlate test procedures.. IR ":_’ L .

[}

quharacterization tests,
. e N = ¥,
A number of . characterlzatlon tests were pcrformed.
The majorlty of the tests have been descrlbed in detall in "
‘one or _mare of three general references. COlwell and Wlehe

(1970), Baumann and Baumann (1981), and Smlbert and Krleg

(1981) The approprlate reference(s) lS cited for each

method used Exceptlons to the methods and/or further
explanatlons are glven. When 1ncubatlon of tests or cultures

.wasvrequlred,;t,was,done.at,ZOOC:unless otherwlse_stated..~_, L

o - (a ) Gram reactlon and morphology. Smears of 18 24 h

cultures were stalned and examlned, u31ng 1lght

v

LA




Table 2:

[ TN

-‘Llst of organlc compounds tested as sole sources

u’of carbon and energy. The method of. sterilizatlon'

_1s glven in parentheses.~;r

‘,/’\

| i . .“:§?~'
. "Carbohydrates and sugar derlvatlves

'_(membrane flltratlon)

~

e . IeD;ribose
| " p-arabinose .
v-fL—erebinose:-~=n
"DFXyloée"
'sucrose ’
.trehalose
. ,maltose =
”igellobiosg:j
'LZYe:Faftyfaéids (autoclaving):
'?decetEte
“propionate
= : bﬁtyfafeﬁf. f
B (3) s
. oXaléte-
dmalonate o
) formate s
'-suberate

- ldctose -

“ p-fucose

i)

melibiose .

o "

.- L-rhamnose. ‘-

- p-glucose |

D-mannose~

,D-galactose

'“D-fructose

‘isobutyrate.

. -isovalerate

* pelargonate

,biceibdxyliceadids}(aﬁtbcleving)}:

,'su001nate
; maleate
fumaratef

- sébacate -

.
—
= e

:'saccharate . -
" inulin

© mucate

b&gal&ctuﬁdhate'f

'~ D-gluconate,

i’ .

“ D-glucuronate

salicin

: heptenoate:

.:}‘_'”glyEOcholatej

valerate
- .édiéaﬁe'
' 5p;melateAf

':aéelaﬁeieﬁ

1
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' Table 2 continued ..i

"(4f-nydrquaéids'Kauﬁbqlavigg): t

vy e — b b e ~ by

.

G e

! ~.,DL-maiate",~f'7; " _D4(~)—£artrate"
K i.-mala_te k _ D-(+) =tartrate
. K ) '-' . ' .. ; . . N . " N .. .
" .DL-glycerate - . . meso-tartrate’' -
: 'iDL;ladtate' L giycolaté .':
'”iDLfBrhyﬁrokYbutYfafe_j.‘ el
;(5)' Misd}fqgééniq}aqids*(mémbféhe-filtratidn):;“r
. citrate .’ ' hcbnitaﬁé;:f

-.'§f:. @rketoglutapatg .

" pyruvate
- (6)

"' ethanol R
~isopropanol ' -
(1)
'eijéhritoiik'
o man'rii.to.l‘~

. adonitol . :- o

itaconate -~ "

Aiédhols (pbisterilizatidn required):

“*

£f7n~bﬁtapoL7“ B

' Eropanbl'x-T

:PolYéiéoholsZand:glyqols (mémb:ane'fiytratibn)é'

gsorbitol

inositol *© . - '

_'élycerolk_; 

:J = *Stérilizédtby.5u£o¢lév¥hg._'f

A3 .
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(8) -

(Tgiji'_'

- , ﬁgrhydrokybe'r_xzbat’é
“giyeine
) L—a alanine

- B-alanlne- -

| L—serihe |

: L-leuc1ne .

A L—1 so 1eucine

T

©- Table 2 continued ...

PR

(membrane f 1ltrat1 on)

"D-mandelate’

-

‘L-mandelate

benzoate o

L)

- . oy ot

Aii_phﬁtic_ amino’ aqidé ,“(,.‘autbcla;xjing')', i

y -

D-a-alanlne

L-threonl,ne )

DL-no :r._-]_.euc:n.ne
" 1<valine

' DL<ornithine :

L—glutamate' SR .

1 X . .
. SODRUSU N ..
d - [
p ..
D 0 O R SOy T

Non—nn.trogenous aromat:.c and cher cycllc compounds:

N

phthalate ) o R "
phenylacetate e
qulnate , "{:
P_—hydroxybenzoate :
- }'L-:aspa:;'tate - . :
N I lys:.ne ‘ i
DL-argJ.nme o
..‘:DL-a aminob.ut)'rrate
.,'-DL-a amlnovalerate
: ly-amlnobutyrate
o 5‘-“arn1nova1erate. . —
" ‘-'.N—acetyl.l.'qmcds_émine - )

DL-cl trul llne

5 .
. A=
. " IR M )
‘e .
'. .
. H ‘.‘
e
(\'_'0' .
. 1 ".
il .
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0

o L—prollne '

) DL—kynuren:L ne

—— - —— g —
_ S .
e e - %
et S e
;
T S e - -

Amino acids and related compounds contalnlngar{ng

‘structure (membrane flltratlon) -

-histldlne ,L—phenylalanme_ '

- tryptophan |

—ty,rosine* e T ‘,D-tryptophan

B- aminobenzoate

’) o ‘. ' *sterlllzed by autoclav1ng

an’

("l'l)f .

. ethanolamine -

: 'sapéo's;jin,e SRR hipourate S o allantoin

O A
'Ami"ri.es'.(sinté';ed"».glasg." fil_t-;a_'tgibn)':’._. oL

bexizyléﬁi,i_ne s
‘putrescine. i T oD

Misc. nitrogenous compounds . (membrane filtration):

“a

betaine = . . ,cré’atihe . : .  nicotinamide

-

-a,c':etam_i,_de:" E - . nlcotinate ... - . adenine:. . '

,- .
Lo

RN 'kynuqfenaii_e- N
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L mlCIOSCOpy, for gram reactlon and morphology (Colwell

B and Wlebe, 1970) B - . ,",.'

R

°

MOtilitx~ '. ThlS was determlned by examlnlng the

\‘,cultures as wet mounts usxng phase contrast optlcs ,
I e T

(ColWell and W:I.ebe, 1970)

1

Flagella stain-, The cultures were grown 1n Colwell' ;

- BASW medlum for 18 - 24 h. The flagella were stalned . ,,". . |

e "by the method of Mayfleld and Innlss (1977) and observed

“(d)

: medlum (leco)\w‘as supplemented w1th 1. 0% (w/v) fllter- ol

'.sterlllzed glucose. : Tubes were’ stab inoculated in

/ ]

.:I'-w1th phase contrast oth.cs. o -;' = . a o

s L
: PR .,
3

-'Lelfson MOF (ox:.dat:.on—fermentatlon) test* Bacto-MOF - (, "f',‘. :
T

[

."'-'dupllcate and one of the tubes was overlald w:.th sterlle :

' "lmlneral o:.l After 6 days 1ncubatlon the reacx)ns were 3

' :;.'read as. follows. 0x1dat1ve organJ.sms produced ac:.d 1n

the aeroblc tube Only. Fermentatlve organlsms produced

ac:Ld in both the aeroblc and anaeroblc tubes (Lélfson, '

©(el”

'.'..;'1963)

Na"' requlrement- The. strains were tested for growth on

: _,*the medlum in wh:.ch NaCl was replaced by KCl The

medJ.um was 1nocu1ated w1th washed cell suspensmns of

o the test orgam.sms.' NaCl ‘was omltted from the BASW

3

'1_ used to wash and suspend the cells. A control-medlum S

) ,\containing NaCl was also inoculated The plates were

] observed for growth after 2 weeks 1ncubation. .

‘. . [ "- . : e SN
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"Ox:l.dase test A sheet of Whatman s No.'_ l fllter paper

A

' _~‘was placed J.n a petr:x, dlSh and several drops of a l% -

' -aqueous:solutlon of tetramethyl—paraphenylen‘e—di-~ -

A . amlnedihydrochloride 1n 0 2% ascorbic ac1d were added

N o to the paper. The test colony wa’s removed and streaked-

| U
'-~.onto the reagent - 1mpregnated paper w1th a platinum

':'100p. 0x1dase-positive organisms turned the filter

gy

(h) "-':Arglnine dlhydrolag__- The cultures were stab—inoculated

',_"a 48 h slant culture (Colwell's BASW medium) of each

':_'itest organ:Lsm.. The evolutlon of bubbles w1th:1.n 5

. e . :
D e Ty PR S

paper purple w:\.th.m 60 seconds. . 'I‘he test was negat:.ve‘ o

'.1f there was no react:ion w1.th1n 60 seconds (Skerman, 19

R
Pt

.

minutes was a pomtive test (Skerman, 1967)

i - ff

U Do Ty

= 1nto BASW lacking Tris HCl\ (ph 7.5) and contalning

:‘-.;'phenol red and 2 g/l technlcal agar (Baumann and

the medium to form an agar plug. Another tube,

identical except for the omlssmn of the L—a,rglm.ne,

[
: ot ' )

",was used as a con ol The cultures were incubated for”ﬂ
-j“.4’ days and observed period:l.;:ally for a dn.fference 1n "

;. colour due to alkali production J.n the L—arginine —;:. -_‘

4

,'-,containing medium In thlS way, all potential arginlne-_

. dihydrolaSe organisms were easily detected However, -

6l7)

-.'Catalase test Several drops of 3% H202 were added to '

: 10 g/ﬂ, L-arginine, 1 g/ﬂ, Proteose Peptone No. 3 10 mg/lz o

-'Baumann, 1981) = About 2 ml of 2% agar, which was auto-f.

'_claved and cooled to 4o°c, was carefully layered over o
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‘ _ mlnutés i One mlllllltre of 0.001 M L-arglm.ne monohydro—_

- W f'l' .

arglnlne, u31ng a colorlmeter equlpped w1th a green

-the above test has the dlsadvantage of belng a

'.nonspecn.flc test for the arglnlne dlhydrolase system o

' .'_,'sz.nce an 1ncrease in pH can also be due to a decarboxy—

latJ.on or deamlnatlon of L—arglnlne. Therefore, all
pos:.t:.ve organlsms were checked for the presence of a

.constltutlve argln}ne dlhydrolase system by the ,

-

procedure of . Stamer et al., (1966) o The organlsms‘; w'e"r‘e_." . '

e

Qrown in’ 500 ml oﬁ BASW contalnlng 0.2% succ1nate - Thé

N

pH of the medlum was adjusted to 7 5, w:.th lN NaOH hef»
cells were harvested by centrifugatlon and suspended 1n

\15 ASW contalnlng 50 mM TrJ.s-—HCl (pH 7 5) to an OD of

. 200 ; Klett unlts (green fllter) The suspen31ons were - -

‘purged by bubbllng nltrogen gas through them for several

N ,,.,chlorlde was added After purging w:.th N2 agaln, the
N --tubes were stoppered and: 1ncubated at 30°C for 2 h, and

'I:'then heated at 100°C for 15 mlnutes : After removrng the

[

-‘cells by centrlfugatlon, the arglnlne 1n the supernatant
-"’]was determ:.ned as follows. : One millllltre of each |

sample was mlxed w1th 2 ml of developmg solut:u.on, 1 ml
3 N NaOH, and 6 ml dlstllled water. '1"he tubes were

‘read after 30 mlnutes against a blank prepared w1thout

.9

filter (540 nm) ; i the readlngs were compared to those

i obtaJ.ned w1th an- uninoculated control containlng

+

arglnlne., A p051t1ve test was shown by the dlsappear—"‘f}.

.-: ,. 'ance of some or, all of the arginlne. -'I}he developrng.

- - f .
' -
i et b e
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; SOlut:.on was prepared by ml.xa.ng 20 ml of 25% LW/V) a- - L

'naphthol J.n n—propanol w;Lth 2 5 ml of stock dlacetyl'

(i)

(3)

jDeni-tri’f;icatiionl- E The ablllty to’ denitr:.fy was tested:' s
dm YEB donta:.ning 100 ‘mM Tris-HCl (pH 1. 5) ;. 0. l% -
"",succinate, 0 _‘L% aceta,te, 0 1% lactate, 0 2% tecth.cal

'agar, .and 0. 3% NaN03. After a 48 h J.ncubatJ.on 1n 5 ml

-:'solutlon, and dllutJ.ng the m:thure "to 100 ml w1th n- IR i N

propanol

!

of the medlum, the cultures were stab-lnoculated :Lnto

B

‘ 10 ml of the same medJ.um and overlald wJ.th an agar . =

'plug. 'I'he cultures were observed for € days and a

posltJ.ve test was :Lndlcated by turbrd:.ty and gas

";‘productlon (Baumann and Baumann, 1981)

’

.NJ.trate to n1tr1te- The convers:.on of N03 to N02 J.n e

.'o.

'denltrlflcatlon medn_um was tested by the starch—lodine ‘; L

"__spot test for nitrlte (Skerrnan, 1967) . A starch—iodJ.ne

solutJ.o.n was prepared by dlssolv1ng 2 0 g ZnClg in 10 ml .

'-H20 bo:.llng, and adding 4 0 g starch The solut:.on

was. then dlluted to 100 ml with dlStllled water. After

"one week the solut:.on was flltered and an equal volume SR

'of a 0 2% aqueous solutlon of KI was added to the

fJ.ltrate. A hydrochlor:.c aCJ.d solutLOn was prepared by

w

'adding '16 ml conc. HCl to 84 ml distllled water. Usmg

' clean Pasteur p1pettes, one drop of each reagent was

’-.placed on a clean glass sl:Lde and one drop gf culture was

‘added.. A blue colour J.nd:.cated the presence of nltrn.te.”, T

Y
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e ’(k~)-'_Voges—Proskauer test The stralns were grown in test

. tubes contamlng 5 ml YEB w1th l% (w/v) D—glucose. |
' After a 72 h J.ncubatlon the Voges—Proakause test was’ (
'.._performed (BlazeVJ.c and Ederer, 1975) One millilltre
"‘:of culture was removed to a clean test tube and then
- "0 6.ml of 5% (w/v) a—naphthol in absolute ethanol  was:
added and mlxed well. Then 0.2 ml of 40% aqueous KOH
o _ was added and the tubes were shaken A pOSltJ.Ve test
s B .;..,;was shown by the appearance of a red colour w:.th:.n 5
o mJ.nutes. PR R , »

S '('J..):'.'=Growth temperatures. B WaShed cell suspensions of - S A

- .'"-".:bacterla were J.noculated J.nto YEB in test tubes and
:J.ncubated in c:.rculat:.ng water baths set at 4°C, : 5°C, -
'I_and 40°C (Baumann and Baumann, 1981) The tubes were

'I"observed for growth per:.od:.cally for 3 weeks, 5 days,

".I,";I'.and 3 days, respecta.vely VlSlble turbldity was .

con51dered a p051t1ve test (Colwell and Wiebe, .1970)

“-

- (m) '.'Lux'ni‘n'eezcence: The stralns were- Streaked onto plates of :

: LM and J.ncubated at 15°C for up to 36 h.. The plates

| '-were checked for lum::.nescence every 3 h at 12 36 h by

I.Obseerng th‘ém in’ a darkened room Flfteen mlnutes -
7 ﬁ ’ were allowed for the eyes to adjust to the dark

3 . L : .:,(Baumann.‘and Baumann, 1981) = : '.'.-‘: : -'_:-,-'. o L

T :°-

E I('j—;).'_.':Extracellular enzymes. " The productlon of an extra— )

'cellular chltlnasef lamlnaranase, alg:.nase, amylase,

.'-gelatinase, cellulas:e and lipase was determ:.ned by
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(Y L

:,-: .Idescrlbed by Berger and Reynolds (1958) -

'-'.medlum overlald w1th medJ.um conta:Lning 4% (w/v)

'lamlnaran .

.sodn.um alginate .

- R).- .

. -‘moculat:.ng the approprlate med:.um w1th a patch of o

K4

_.‘-'cells and observ:.ng for a zoneé of hydrolye:.s beyond the' .
’ Al:.mlts of growth _Sev,era_]_.. stralns C_Q‘}ld. _be_teste_d- on : .

. the same plate.‘._'--'

Chitlnase productlon was tested on Colwell's BASW

"'1.~'med.1.um overlaJ.d w:.th 10-15 ml of modlf:.ed Colwell s
T BASW medJ.um contaJ.nJ.ng about 5 g/R, collo:.dal ch1t1n and‘- SR

."-2 5 g/g, yeast extract_ ..: The chitJ.n Was Prepared as S

‘\

' Lam:.naranase act1v1ty was tested on Colwell 5 BASW

.

Alg:.nase act:.vxty was tested on Colwell s BASW

medn.um overlald w1th Colwell s med:.um contaln::.ng 20 g/9.

! - ' . ! EN

An overlay method was not needed to detect the )

lpresence of an extracellular amylase, gelatlnase, and
'\".llpase To test for these exoenzymes, Colwell s BASW
,‘.'_medn.um was supplemented w1th 2 g/.Q. starch 20 g/z :
- .--_,’--.“9elat1n, and 10 ml/z polyethylene sorb:.tan mono—oleate e .

(TWeen-BO) ; respectively. '

v

The hydroly51s of Chltln, alglnate, or lam.lnaran

"'-resulted 1n -2 zone: of clear:Lng, whereas lipaae act1v1ty R .
"on Tween-80 plates was detected by the appearance of a
-.""fprec1p1tate of calcium oleate. All plates were observed

for a pern.od of 6 days “ o y
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“ .0.4% (w/v) DL-B-hydroxybutyrate for 48 h and then tested

f pos:.tlve test

Cde)

0N

. were flooded w:Lth 30% tr:.chloroacetac ac:Ld as a prbteln

N .
. , o
A el P )
L S A LR LT
. P R R PO A . g
LI R PR '.:.‘.- ..\:. R
s . 1 N ° AT N
N e R A
- ’ o s
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1 [

2 the area of growth and a border of th.te p1 ec1p1tate
around the clear zone. S '#‘ / L’ ,, ,ri.-‘ ; ALY

. .‘i"’ . r’-"’a" : T
The product:.on of cellulaﬂe (,glucanase) was tested

ﬁ.

o on Colwell 's: BASW medlum contalnmg 1% carboxymethyl--~'--

cellulose (Teather and Wood 19~81) . After 48 h J.ncuba-., o

e e

Congo red was d:.scarded and the plates were flooded

wmth a l M solut:.on of Nacl for a further 15 mlnutes.__- ‘

q-‘-'

A clear zone around the area of growth 1ndicated a. .,

e

C e e

. - e i
IS R A “‘, y
BCT . PN L . : - .- - A
te N i . . A . . B .
K‘ Cs

on modlfled Colwell's BASW containlng 1% (w/v) purifled

¢

around the area of growth ind:.cated a pos:x.tive ftest

Poly—B hydroxybutyrate (PHB) accumulation* ' The stra:n.ns

 were grown J.n BASW contalnmg 0 02% (w/v) (NH4)'2 504 .ahd

. - s
! - ' . .
. I .9"..-'\
S ’
R U .
. yoos e S
- I ¢ .
Iy Wt

prec:.p:.tant.., Poslt:we tests showed a clear zone arOund‘

Agar dlgestldn.. Thls was tested by grow:.ng the strains

R TR +51- _-
."f i.- . ST . - . i . . i :":j L ri . .
f: g After J.ﬁcubatz.on for 48 h, the starch plates were >
§ : : Aw : flooded w:.th Lugol‘s J.odlne solutlon . TE starch was
I3 " hy)dr@yzed, only the colour of the J.odlne was eeen on
3 - S ,
E the ~p1ates.. If starch was not hydrolyzed it combmed ool
2' - ' o~
- with the 1odine to give a blue-purple colour. S
> ' After an J..nCﬁbathn of 48 h, the gelatJ.n p:!.ates o

L *tlon, the plates were flooded w1th a 1 mg/ml solutlon

L oﬁ Congo redr 1n dlstllled water.. After 15 minutes the '.'"'“

agar instead of l 2% (w/v) technlcal agar. A depre551on

1
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for the presence of PHB (Williamson and Wilkinson, 1958
Slepecky and Law, 1960) Two millllitres of culture
were put 1n a conlcal glass centrlfuge’tube ‘and 8 ml
commerc1al 5% hypochlorite (Clorox bleach) added After ‘,\\<_ l”
;f , : 24 h the’ mixture was centrifuged to collect the PHB -
granules. The sediment was washed by suspending it 1n
f. 10 ml dlstilled water, centrifuging, and dlscarding the
| supernatant fluid , The sediment was washed once again l
w1th 10 ml distllled water, twice with.lo ml portions y . 1 jiii
of acetone, and finally tw1ce w1th 10 ml portrons of | ' -
diethyl ether. The sedrment was dried and 2 ml of conc.
.' H2504 added The tubes mere placed in a boiling water
':1 } bath for 10 minutes and then cooled to room temperature.‘ =
| The absorption spectrum betweeﬁf?SS,and 215 nm was g
determlned u51ng a UV—210 double-beam scanning spectro—' . ,‘f; -
photometer (Bausch and Lomb) -Samples were read ;gainst'a
) a blank of plain conc. H2804.- A pOSitive test was the .
- occun;ence of an absorption peak at 235 nm, - due to L
., crotonic acid which ig" formed by tKe action of sulfuric,

. . . . o ) K } Q ) . -
- acid on PHB ';,”'Mf* R e Lo

- (q) Aromatic ring cleavage- The strains were grown in BASW

- containing 0 1% (w/v) pfhydroxybenzoate, 0. l% (w/v)

quinate, or 0 15% (w/v) sodium benzoate, and tested for

o

the mechanism of aromatic ring cleavage (Kilby, 1948,
l Stanier et al., 1966) The cells were harvested by

centrifugation and a very heavy'suspension was made 1n

' 2 m1 of 0 2 M Tris buffer (2—amino-2-hydroxymethyl—l 3-.”'5 o nigiﬁ

. l

— —— e s el ) - - - -




R

.4

33

"Nd(rﬁ

propanedioll, pH.8 0 The tubes were shaken Wlth 0.5

u*-——~—mi'toluene and then 3.5 ng protocatechuate were added
A yellow colour Wlthln a few—minutes 1ndicated meta

@
If no colour appeared, the tubes were shaken

\; cleavage.
Cat 300c for 1 h folloWed by the addltlon of 1 0 g (NH4)2
. so4, l drop of l 0% Cw/vl sodium nitroferricyanide, and

. 0.5 ml ammonia solution (spe01f1c graVLty 0 880 or 28-*'

B

30%)",A purple colour 1nd1cated ortho cleavage. _ R

'Nutritionariscreeningm' The strains were screened for

their ability to utilize 1l7 carbon compounds as sole -

The llSt of carbon '

sources of carbon and energy

. compounds tested has been given 1n Table 2 The strains

: were grown overnight on plates ofJColwell s BASW medium
.; and cell suspen51ons, washed 1n BASW, were 1noculated

'onto the test media uSLng a 25—point 1noculat1ng

| template (Lovelace -and Colwell 1968, Sneath and
Stevens, 1967) 5 The plates were scored after 48 and
96 h of 1ncubation. Unmistakable v131ble growth on: the
plates was con31dered p051t1ve._
':”xff' included a control medium of BASW which lacked a carbon-
E and energy source. - due
over of nutrients from the original culture medium.~

strains were also grown on plates of Colwell's BASW

' medium to ensure that the cultures were v1able.g

Each test serres ;1 .

ThlS showed any growth due to carry—

The _fv

R S

e e e N




: strains were prepared by uSing a: modification of the

"(about 10 min. &t 3, 000 x g), the supernatant -was decanted

: e AR SRR ,
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Electron micréscopy ’

v

',, The following representative strains were examined
)

‘_by electron microscopy “to confirm the type of flagellation-

A

.21 44, 59£a70,\93 and 122 (Appendix A, Table l) he L

~

technique described by Baumann and Baumann (1981)

Colwell's seawater broth (10 ml) was inoculated

'::yfrom a slant and incubated overnight on a shaker About

.:'0 5 ml of this culture was transferred into 10 ml Colwell'
unseawater broth and when light turbidity was detected .
f(approx1mately 8 'h incubatiOn) the culture was poured into

l;‘a centrifuge tube containing 0 1 ml neutralized (pH 7 5)

Q.jThis allowed the cells to suspend Without agitation. The

e,

the final wash the cells were suspended in 1 ml distilled

“Fwater.' This suspenSion was negatively stained and observed

,Uby electron microscopy., ;: :‘ 4

_ The stain used was a’ saturated aqueous solution '

' of uranyl acetate.d The stain and bacterial suspenSion was
‘ mixed 1: 1 ineiconicalrtest tube. A small drop of - thlSA

‘lmixture was then placed onto a' 200 mesh Size carbon -1

o After approximately a minute the grid was touched aqainst

ft,a clean piece of filter paper (Whatman No. 2) to drain away

B 37% formaldehyde (formalin)._ After = light centrifugation f'

,and 10 ml- distilled water was added slowly to. the pellet..f' )

'fcells were washed and suspended two additional times. After}:V

V.Formvar coated copper grid using a clean pasteur pipette.._lv
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.Haschemeyer and Meyers (1972)

'Determination ‘of moles % G + C of DNA -

D C e B s T VU S

3 e R
'.:g .

-excess‘liquid g ThlS 1eft a thln film of solutlon on the.
'-.grid Wthh dr1ed rapidly Each gr1d was observed u51ng a

_Zelss EM . 9 A electron m1croscope. ‘A more detailed descrlp-'_”

tlon of negatlve stainlng techniques may be found in -

:~'descr1bed by Johnson (1981) ' Only the steps t?at may be
:here.' The stralns were grown in - 10 ml Colwell‘s seawater :
medium in 50 ml erlenmeyer flasks.\ After apnroxihatei?fl_”

"8 h incubatlon at 20°C on a shaker,~the lO ml cultures -

* ‘were used to 1noculate 150 ml fresh medlum in 250 ml

7(about 18 hr) w1th shaking and,then the cells were.
:'buffer. The hydroxylapatlte (HTP) method was used to

~‘._'with pronase in addltlon to RNase and 20% SDS One‘

-extraction w1th water saturated phenol was sufficient to

'-order to obtain a satlsfactory yleld of purlfied DNA. -

! The procedures used to 1solate DNA from repre—

.' ~
. o, »

erlenmeyer flasks. These flasks were: lncubated overnlght

harvested by centrlfugatlon.-g'c" o ijﬂ;'

L S The cells were suspended 1nf25 ml sallne - EDTA

LI )

'isolate.the DNA;_ ‘All steps descrlbed by Johnson (1981)

j:were‘carried out.. As suggested the cells were treated o

denature and separate the proteln fractlon. It was, not
.

s

necessary to extract DNA a second time from the lysate in

.

' sentatlve stralns and to determlne moles % G + C have been ’ -

C | e
'expected to differ between laboratories w1ll be deScrlbed L

- Lo
e
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".meltlng 901nt (Tm) method as . described by Johnson (1981)

,;E.icoll DNA. (A grade) from Calblochem-Behrlng Corp. was '.d"" ";j :
».determlnatlons.“ Meltlng 901nt was . determlned u51ng the Tm

l'components of thlS system are used 1n conjunction w1th the B

. reference DNA, and four unknowns 1n each sample run.

: Moles % G '+ C was calculated from the Tm values generated .

Moles % G + . C was. determlned by the thermal

used as the standard and was 1nc1uded 1n each set of ' _ .f: " “;'%

-
analy51s system of Beckman Instruments D1v1s10n, Cax.'The 8.

7

DU—B UV-Vlslble Computlng Spectrophotometer (Beckman

Instruments) A Comouset computer module 1s programmed

- .“ .

L
to control a'six positloned temperature-controlled sample

holder and to pe form data reductlon for the accessory

.

stng thls system Lt was p0851ble to. 1nclude a blank the ':_" R R

by the Compuset computer module.f' e en‘ T 'i1”73f¢ o
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'Numerical}takOhomyv f.'S} h:"hi o 'h'.-'l't~ L y
:_:" h- l-. A flow chart outllnlng the computer programs,used _ f;
ffsﬂ ';,:1n ‘thi.s study is- glven 1n Flgure 3 The data matrlx ;?
,i”,ji (; con51sted of 149 OTU (140 1solates and 9 type stralns) and _ :?'
A{‘?f/f_f ;wllz tests.. Tests whlch yleIded results that were elther all 2

i L 'p031tlve or. all negatlve for the stralns were not used. |
E 'Those that ylelded both p031t1ve and negatlve scores were
5?* “'converted to a numerlcal format as follows-. a pos1t1vei5‘

1 o result (+) was recorded as l and a negatlve IBSUlt (- ) was 1.~

orecorded as 0. . db— ' . : 'J;
S , The cluster analy31s programs used are contalned -ffﬂ
;'in the "Clustan" package of programs (Wlshart, 1978) . They fit
' -are?'; o | k a | '
‘l;: The Jaccard.31milar1ty coeff1c1ent w1th single 1,4
. _'llnkage clusterlng. ' | 5 ‘. ' .

£ -7&s‘2;'ﬂThe 81ﬁple matchlng coeff1c1ent (SMC) w1th L

t : ‘51nglé llnkage clusterlng ' :

‘i hdt:iThe daccard 51mllar1ty coefflclent with den91ty

: . clusterlng, o 4 | ;

i: pl. 'Euclldean dlstance coefficlent with Ward 'S f\

i | clustering. 3,;521'. = T::l7h N

Sif,Euclldean dlstance c0eff101ent w1th relocate

; clustering.s:. ‘ 'j e -

i i | Each of the f1ve cluster analy51s programs ylelded fh

i -a dendrogram (tree dlagram) in’ whlch dlstlnct clusters of o %%%.

; stralns could be 1dentif1ed.¥_:,_" | . .L,: :;
;Ei . R ;.%’ ;'_:ik
£ o ./1~ .pv'i
l R T s :-J"
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'Prelimlnary characterization-of the‘strains (OTU)

. _motlle, rod—shaped bacteria that required Na for growth
'-One hundred and Sne. Of the OTU (68%) fermented glucose. SRR

'_Theuremainlng 48 OTU used glucose oxidatively.¢

' féS use 117 organic compounds as soﬂe sources of carbon and
:.ﬁenergy. Only L-glutamate was used by every OTU. The 25
::COmpounds not used by any OTU are listed in Table 3,
: Ninety—one compounds were used by one or more OTU but.not *H';::ﬂ'
:be all of them.- A’ llst cf these substrates and the‘féf
: results obtained for each OTU 1s given 1n Appendix A,

'Tables 2.and 3..-"[_y '-.' .:' '_l,-'_; N ‘;q-t 'f:i - h_.w~,

,jgrown in broth and all were Voges-Proskauer negativekl-ﬂ*
.The OTU that were capable of aromatic rlng cleavage‘did sol

by the ortho pathway Only one OTU showed 1uminescence 1‘iﬂi
'wand thlS was a type culture.' Similarly, hippurate was .U .

,‘utilized by only a. type culture.f’f-jlfxfn »’;r o } ij ftlf

t;tls given 1n Appendlx A, Table 3., The matrlx includes a11

E characters which gave both positlve and negative resulté

'These are 1isted in Appendix A, Table 2.. Characters which

.RE's,'pms. o

The one hundred and forty—nlne bacterial stralns o e 3

(OTU) were tested to ensure that they were gram—negative,.

N L.‘.

All of the OTU were screened for their ability

4

.

~

i All OTU had polar monotrichous flagella when

' [ The data matrix used in. the numerical analysxs N

S e




';Téble 3. Sole sources of carbon and energy not used by

)

any OTU.~

.-‘.

D-fucose-

- inulln

PR - <ot B
.g;hYdrdgypgngbate'

. Creatine

: 'jL-tanﬁgate ] " adénine
. T/~ . a
: . formate ‘L ' acetamine,
! . oxalate [ . . .‘,niCOtinamide
o imélate'~g_;- - ‘~D-mande1ate
' D—tryptophan ;" };j7jL—mande1ate
' L-kynurenlne :'erythrltol 3% }-
kynurenate:;ﬁ 1'-Amesg-tartrate'
~:Eeam;nobenzoé¥é '" LD-tar£:a£éE-
: ethanolamlne " ‘phthalate
benzylamlne - ‘glyeocholate
.1sopropanolzl‘ S
" r
[
4 ‘ ; | T




' were elther all posmtlve or all negatlve weré‘excluded

from the numerlcal analy51s.'f; "’-,f~ .

R -\ . ' I'.-

';17“41 _f~ L Y Flve cluster analys1s programs were used. These ' oo

“+

"have been outllned in Materlals and ‘Methods. The OTU

,‘f.cla951f1catlons whlch.resulted from the flve cluster fﬁ

analys1s programs are glven 1n dendrograms (Flgures 4 to
'HSX, These dendrograms have been s1mp11f1ed by representlng
clusters of OTU as large closed trlangles.' The base of ’

the trlangle 1s in proportlon to the number of OmU 1n the

c}uster; ‘The" complete dendrograms show1ng the clusterlng ff::f“?l 5;5i:
.' .'of ‘each . OTU are glven in. Appendlx A. ._fff o r/f}- ; . ‘“'d |
'lfd’ifx:(;l. fg".- :f;ﬂv: Dendrograms are strlctly hlerarchlcal.due to the 1;-} fff.f';u
clusterlng methods.used The’vertlcal scale glves the RERT B Sl

)

51mllar1ty or d1531m11arity measures at whlch OTU or

clusters of OTU merqe.. The horizontal scale has no. -x-l'j ”._l. 'E.G'

ST T

'd.k_;f'ffn,_i ﬂ'{ quantltatlve meanlng because OTU are arranged to represent
) the. clusters manlfested by the 51m11ar1ty or dlstance 'lﬁlﬂ ?7T o 3ﬁ
(S - P A
'measures.' A dendrogram should be regarded as a moblle :

‘.g_ztlf:;

w1th the horlzontal ax1s free to rotate and 1t should be

1nterpreted as representlng Dhenetlc sxmllarlty and not

| phylogenetlc relatlonshlps (Dabinett, 1976).

T AT

" The. dendrograms depicted 1n Figures 4 to 8 were

e R compared w1th respect"f“EH rank order of the arrangements ';g .
S of the clusters to Bee whether any consistent hierarchlcal

ki clustering patterns emerge. Flgures 9 to 13 represent
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:'»'.-of the clusters.,-. L ': . o v

further six'npli-fica'i*:io‘ns' lof 'the' £ive dendrograms','. shoWing'

S 'the hierarchical arrangement and 51m11ar1ty relatlonsha.ps

:'. Al

It 1s apparent from‘\FJ.gures 9 and 10 that anr K
\ .

”:Ldentlcal hierarchlcal arrangement of the clusters 15

"',"obtained when both relocate and Ward's clustermg methods

"_"are used In both cases the Euclidean dlstance ".:t. g

'd?

’ .coefflcz.ent was used Essentially, ,these two methods

e

ol :lelde the 140 seaweed and scallop OTU 1nto two broad
| *groups. ‘ One of these groups contains clusters A, B and c.
: Both clustering methods fuse clusters A‘l'and B first,-
o followed by the fus:.on of the large A-B cl.usjter w1th -‘ .

cluster C. The bther broad group of OTU dlstinguished by

"',_relocate and Ward's clustering methods cons:.sts of clusters

Jaccard coeff:.c:.ent w1th den31ty clusterlng,x are. given :Ln n ~ .

’ consistlng of clusters D, E and F then fuses with the

(two groups) w1th cluster F, aibd the result:.ng E—F cluster .

' obtalned when the Jaccard and 51mple matching coeffiments

=~

-'other broad group, con51st1ng of clusters A, B and c, at a

. W ..

very great distanoe measure. LI 7'\,

The hierarchical arrangements of the clusters o

-

4 ¢

: "'were ‘used, both w1th single linkage clusterJ.ng, and the

then fuses w1th clt:Lster D (two groups) Thn.s broad group, _-}(,-4

' D E and F‘ Both clusterlng methods fJ.rst fuse cluster g

g A 2
a : Ll
. = 6B~ \
St : N . , . RO
., e - . 4
Panli Lo ;
. . i

"Flg‘l.u:es 11 to 13, respectlvely. The hierarchical patterns ,::\
s {obtalned from the Jaccard coeffic1ent w1th densrty '_ SRS
j"'clusterlng and the simple matclymg coeffic:.ent w:u.th 51ngle
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F:Lgure _‘Lo Hlerarchy ~of cluaterlng produced

L by the Euclidean dlstance R
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""--‘These clusters fused, and the resultJ.ng c- D cluster fused

-"_’obtained from the five cluster analys:.s programs were of

linkag'e' 'clﬁsterin‘g owere-\iirtua-lly the:sarﬁe. All three of LT [

".groups.,_', The f:Lrst group consists of clusters B E ,and F.
In all threé dendrograms, cluster B wa.s div:l.ded :Lnto Y o

--subclusters of OTU. When the Jaccard coeffic:.ent w1th u

-'cluster E qued to. form
l'-w1th cluster F Howeh ery when the s:.mple matchlng S :. N
K :‘coefficient was used, only par
:'..'-;_cluster T The remaining
'the hlerarchi/cal process. = Clusters E and F then fused wrtﬁ

"_’cluster B in. all three h.LerarchJ.es. e
three cluster analys:Ls ‘cons:.sted of clusters 'C. and D. B \' o .
to the large group formed by clusters B\ B and F\. -

' conSJ.sted of" cluster A. . ThlS lS a distinct clust‘er of OTU-,_

-:which fuses w1th the group of organisms fermed by the

'Euclidean dlstance coefficient w:l.-th either Ward's Or.

these methods leJ.ded the clusters of OTU 1nto three broad-. - o

*~ o
‘N

) , el L

s:.ngle linkage clusterigg was used, the subclusters of L . .

i e = e eta
- . L P

-4 single cluster th.ch then fused

' ',-.1

’J} \'-":. ‘.', ' “'1.‘..
of cluster E fusea w:.th IR ;

cluster of E fused Iater in -

LA K}

.._uh;;;a'.e,_’-.' :':_,J'\

[ . o

o L LT « SR
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R .'were 1solated on June 13, 1979 (Dl), August 15 1979 (D2) e
L er September zo, 1979 (03).- S 5-\" S Ee L
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at -4°C
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] oxldative metabol'::e
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.:uishlng clusters. ‘ Examples of thi_s type of chalacter are, B

"ox1dase, cétalase, lum:.nescence, ,V'ges—-Proskaueﬂz. growth';
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- L—asp _rtate, succinate, fumarate, DL-—lactate, pyruvate,

- .L-pr llne, acetate, pfoplonate. DL—malate, -malate,
: arablnof;e, and hlppurate. However, these characters may
" ber useful for the 1dent1flcatlon of the srnall number of

E stralns from scallop and seaweed wh:.ch dld not fall w1thA

."—-" o

-the six major clusters. These\OTU w:.ll be 'descrlbed? 1a1-er.__ -' 5
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'\'major clusters (Table 7)

: Theumoles

fwstrains from each cluster are given 1n Table 8.

"-TPOSSLble to describe each'cluster.ﬁ
j”were motlle, gram—negatlve, rod—shaped bacteria which
}Jlrequired Na+ for growth
s;identiﬁicatlon of groups of OTU has been made at the"ll
"qqenerlc level

fgiven in a later sectionw

:which were isolated on June 13
.-‘:tlve and grow at 4°C.
Qand 40°C.

e -cellular reserve when grown in broth contalning DL*B-i

T

the six clusters are given in- Table 6. These are. char-‘-~'

r

e . AT o v
P ) Y L A -
. e ; . ~ . —‘89 - \ o .,
- e - . I8 [ ’ - e A
Sob e - L= '\-'
3 I'u.. * . oy B
o] Characters which are o value in discriminating
L
IR
9.

' acters possessed by at least .85% of the OTU in 4 cluster ;

R

':and occur w1th a blnary frequencles ratlo of at’ least 2. 0

.~That 1s, the frequency of occurrence of each character in ‘f

. _,/,.«,

-41ts reﬂpective cluster lS at least tw1ce as hlgh as the'

vfrequency of occurrence 1n‘the entire set of six clusters. e i

RV ‘L : -

atlon 1n Tables 5 and

SR \Q;;b A Comblnatlon of the 1nfo S
6gmay e complled to give a diagn' th table for the 6 ,‘ - o

Such a'table ‘can - form the basxs »'.' o

' t

L by which tests can: be selected f@r the 1dentif1catlon of -f. ]<;~'

'J‘the groups of marlne eubacteria described in thls study.' o

PN

G + C. obtalned by examining representat1Ve o

' From 1nformation that has been given 1t is

The OTU 1n all clustersj“
I

For each cluster a tentative

< . Q

A more deta;led 1dent1ficat10n will be “T
s . ‘ , :

Cluster A has 20 strains from seaweed, all of
1979. All are fermenta—;-
Only one OTU could grow at 35°C

Eleven strains accumulated PHB as an intra—'”
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| Test. '- (20)b (13) (34) (._13:-)__'_..';;(_._13.);_";-.‘(.,1,7_.). :

.

N PI-iB ac'cumdl'at"ion‘*';_. o1l e 8 ;'_'1,4:»_ et - s

arglnine dlhydrolase f.;—:”’Q'?'h.“ }jﬁf S - 5fjizh

growth at 35°c 7.“;f;f,7. T I B BRI

_\growth at 40°C 1“"”7;:f:“- F;,-- J~‘f4{ i+',ng} eale” -

.c\w

lamlnaranase

‘Q agar dlgestion 'ff;”f.”ip-57lﬁ;;ﬂg - R f';‘f“{kff'l

: a19’lnase "i'ﬂf R TR R & RN NI

Cmaltose L w10 E w0 e comg)

“géllobigse .t w4 o3 SN g oo o
melibiose L . . +'| ' - \ -‘ ‘,- __'- _ !'v :‘ - . ) _.

' ﬁ%Mahnoeé I T TR I R T N

’1actose LIRS AP ST S n;g:;; -~

: DL—cxtrulllne "i' R T AT SN

. - e o

b

’3fia: numbers\lndlqite numher of 9051t1ve stralns.rfn.’

RN N D
T +. = at least 5% of the stralns pos;tlve. g

1ess than 15% of the stralns posztlve.i‘

”

b Indlcates the number of strains ln each cluster.{"
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‘ 'that all of the stralns

o

-7 T

“
Tl

73hydroxybutyrate. None of them could lumanesce, denltrlfy,.ﬁ'
'produce acetoln and/or dlacetyl or possessed . constltu-, L
;tlve arglnlne dlhydrolase system.» The stralns in thlS

,cluster produced the most extracellular enzymes. There-

:were some p051t1ve results for all elght exoenzymes testedj”
and these were the only stralns that produced cellulase

-.and dlgested agar. Nlnety percent of the stralns produced

i / ¢

o 1am1naranase. ThlS percentage was greater than that found :""

- 6

in any other cluster.. All stralns produced gelatlnase and

“a{gllpase. The results ot the nutrltlonal screenlng Showed

\were capable of growth on 17 of the'*i

. 0

117 organlc substrates tested. One or more of the stralns"
‘lﬁ]were capable of ut111z1ng 55 of the 117 compounds testedn

The straln tested from thlS cluster had a moles g G+ C [IA

-

: 43 1 The stralns 1n thlS cluster can be ldentlfled as

N , . ) . -

"nmembers of the genus VlbrlO. L ..',jf-sj- Lo U

. e
' "_

'(JH Cluster B contalns 13. fermentat;ve stralns 1so-ﬁ'

lated from the scallop, P magellanlcus. Approxmmately

'cellular storage product when grown 1n broth contalnlng

|
I
two thlrds of the stralns accumulated PHB as an 1ntra— '{gg;”}°f" ,

DL-S—hydroxybutyrate.‘ None of the stralns lumlnesced,

produced acetoln and/Or d1acety1 or possessed a constlt— )

s .

-“;utlve arglnlne dlhydrolase system. Approxlmately half of 0
'e"the stralns could denltrlfy.' Twelve of the stralns could
:Vgrow at 4°C, none could grow at 35°C or 40°C _ The only

,d"lexoenzymes produced by the stralns were gelatinase (100%), ff{‘

-

¢
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-lipase' '(84 '6%) , and 'chitinase' '(15 4%) . The stralns in :

,-cluster B were the least nutrltlonally versatlle of all

, a

.

were utlllzed by one, or. more of the strains in this’

n\

‘cluster The straln tested in th:.s cluster had a moles %

G+ C of 45 l The stralns “in thJ.s cluster can be 1dent1- -

° ~ -
'

‘ f:.ed as members of the genus Vlbrlo. .

a Cluster C COntalns fermentatlve bacterial stralns s

a

P lsolated from the seaweed A.‘ esculenta Seventeen of the ;

: stralns were D2 :Lsolates. 'I‘he-other sevent‘eenwstral}\s were -
.~'(

3

"'n otrlfled and grew at 4°C. . None of the. stralns '1um1nesced'

c.

.produced acet01n and/or dlacetyl, ‘or were capable of growth
_ at 40°C Elghty—flve percent of the stralns in \:hls
cluster possessed a constltutlve arglnlne dlhydrolase, a’
-lffar greater percentage than that found 1n any other K . -

cluster.» SlX of the seventeen QZ *!Lsolates 1n thlS cluster

PR
123

'accumulated PHB as. an 1ntracellular storage product ’f'hese
. are TU 31 35 ~36 -38 " 40 and 4l OTU 3-1 36 and 38
. _accumulated PHB when grovm J.n broth contalnlng DL B- . ) ,
: hydroxybutyrate. .oTu 35, 40 and 41 accumulated PHB when.
'.grOWn 1n broth contalnlng D—glucose. ; EJ.ght of the ‘seven- '.

o teen D3 J.solates in thlS cluster accumulated PHB when ',

L

. ) grown 1n broth conta:.nlng D—glucose. ) These were OTU 50,

LBl 55,56, 57, 60, 63 and 54 At least 75y of "the _I

’ - -

. .ﬂ'.lsolates in thlS cluster were capable of producing an

o
o B

D3 rsolates. All of the stralns produced oxidase,s den:.- o

..M_v..x. s azan

) &
:-,_the 1solates.' Only 37 of the ll7 organlc compounds tested NG

Y R : o,
ISV IR RS P T

uen.‘)-) J-..‘”'
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; ,the genus V1brlo. . ,' PRI - o

o fermentat:.ve. -The remalnlng 13 stra:.ns 1n this cluster

'_"are oxldatlve., OTU 68 to 71, 73 0 75, Tand. 77 to 79 are

‘ 'grew at 4°C All but one of the 1solates in thJ.s cluster

" accumulated PHB, produced oxldase and catalase, and

'as sole sources of carbon and energy All. 17 of the .. L

- S e

Coe

: _extraceullua amylase, gelatinase, lipase and alglnase. -

S ,"Twenty percent of the stralns produced an extracellular

- v

' lamlnaranase and 5 7% . produced chltlnase. None o‘f the

o'-

-,.-_\strains produced cellulase or agarase. Only 45 of the 117_

'organlc compounds tested in the nutrltlonal screenlng were" '

'_utlllzed by one: or-more of the-lsolates. The stralns

Atested 1n th:.s cluster had a moles % G +C of 45 3. h

.

stra:.ns in thJ.s cluster can be 1dentif13ed as belonglng to

. Cluster D has L8 stralns 1solated from seaweed.

) '..Three Of the strains, OTU 10 15 and 18, are Dl 1solates.

"_'-OTU 31 and 38 are D2 :Lsolates. All 5 of these stralns arel o

D2 J.solates. OTU 80 to 82 are D3 1solates.. All stra:l.ns

a
N

.owt

:utlllzed D—rlbose, D—galactose, :Lsovalerate and malonate'

R

strains whlch accumulated PHB dn,d so when grown in: broth

contalnlng the monomer, DL-B hydroxybutyrate.‘ Only one

: of the stralns, OTU 31, possessed a’ constltutz.ve arginlne '

..‘da.hydrolase. .' None of the stralns in t‘hlS cluster ‘lumin-— ~

P .o

'esced prcduced aceto:Ln and/or d:_acetyl dlgested agar, _-'j’_.

-I..,'or produced .an’ extracellular chJ_tJ.nase or cellulase. .

4Stra1ns in thlS cluster were nutr:.t:.onally versatlle, as




e 2, L
N [
. . ‘e

N ’

e L e s e e

' 'stralns 1n ‘thlS cluster OTU 1T to 82, were capable of

- 62 5 moles % Therefore, the ox:,datlve stralns in cluster .

o106,
Rt TE

Cy

,1nd1cated by the fact that at least some of the stralns
utlllzed 79 of the ll7 organlc substrates tested as. sole
~:carbon and energy sources. . Thlrty—three of the compounds

.were utJ.l:Lzed by 100% of the stra:.ns.- S:Lx of the oxa.datlve L

'

'.aromatlc ring cleavage'. -All-6_ of these-- stralns cleaved

quinate via'the ortho bathway." OTU 18, a fermentatlve

'fstraln, was found to have a G 3 C. c0ntent .in ltS DNA of
45 3 moles %. Therefore, the fermentatlve stralns :Ln

oluster D can be 1dent1f1ed as belonglng to the genus o

' »

".,Vlbrlo Slx oxldatlve stra:Lns, OTU 70, 71 77 79, 80 and

‘

81, were found to have a G + C content ,:Ln the:Lr DNA of

\ . o N

- _D can be :Ldentlf:n.ed as belonging to the genus PseudomOnas.

’

Cluster E has 18 stralns 1solated from scaliop

Two of these strains, _OTU 115 and’ 116, are fermentatlve. AR

'__The rema:Ln:Lng 16 stra:Lns are ox:Ldative. ; Thls is) the only

cluster 1n whlch none of the stralns accumulated PHB as an BT

) 1ntracellular storage product None of the strams lum1n‘\.,_ e

E _esced produced acetoin and/or dlacet)(l, grew at 40°'C,

’ dlgested agar, or produced an extracellular alglnase,

.chltlnase or cellulase. All but one straln grew at 4°C.

5
.

".Wl,th the except:.on of llpase, extracellular enzyme fl ’

.productlon was markedly low” 1n th:l.s clu ﬁ:er.. Lipase was
..produced by 94% of t,he stralns. The results of the )
I'nutr.ltional screening showed that only lO of the 11.7

'compounds tested were. ut\,llzed b§' all of the stralns.

FFC U S U U S
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:, capable of aromatic ring cleavage. OTU Il.»".l.?, 118 1-20, 131,

~ 'may be tentatively identified as strains of the genus '.; L

'_Vlbrlo. An ox1dat1ve stra:./‘n from thlS cluster, oTU 118

o oxidase, denitrlfied, produced an extracellular 1ipase,

o .nutra.tiona})y versatile. Twenty-eight of the organic -

-ThlS 1s a much lower number than that found in any other

"cluster At least one pos:.t:u.ve result was, obtained for 7l

. 'of the substrates. Eleven of the ox1dat1ve stra:l.ns Were

‘.132, 133 and 139 metabolized- E—hydroxybenzoate v:.a the

. &R o : D
ortho.pathway OTU 134 “and 137 cleaved quinate Via the ; R

Ao'rtho pathway- OTU 130 and 138 cleaved benzoate via the

ortho pathway _ The fermentative strains in th:u.s cluster

[

-"._"-was found to have a G + C content {n its DNA of 44 4 moles

\ .

‘%.’ Therefore, the ox:.dative strains in cluster E can be

SN

1dent1fied as belonging to the ‘genus’ Alteromonas. .

Cluster F has 17 stralns, all of which were

> K

.1solated from scallop Eleven of the stra:.ns were ferment—
".at:Lve and SJ.x were ox1dat1Ve. : Three of the strains o

accumulated PHB as an J.ntracellular storage product when e

'cultured in broth contalnlng an excess of the monomer, R

'DL-B hydroxybutyrate. These are OTU 99, 100 and 101

o which ‘are. fermentTatlve.‘ All of the strains produced o %

and grew at 4°c. . None' of the stra:ms luminesced, produced" :

'acet01n and/er diacetyl, possessed a constitutlve arginine L

o 'dlhydrolase, dlgested agar, or produced an extracellular

'g“ang.nase or cellulase.. The strains 1n tll_s cluster were

]

n
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compounds tested Were utJ.l:Lzed by all of the stra:.ns as

sole sources of carbon and energy. ‘ BJ.nary results were
obta:.ned for 76 of the compounds. : Three of the oxldatlve . :

stralns were capable of aromat:.c r:Lng cleavage.. These a,re,,

OTU 121, 123 and’ 140, all of whlch metabo 1zed p_—hydroxy-

benzoate v1a the ortho pathway. An ox:|. at:Lve straln from .-

thJ.s cluster orTu l22, .was. found to ha e a moles % G i C

content of 413. l The fermentatlve stra:.ns in th:.s cluster--

“ Alteromonas. T

' may be tentat:.vely J.dentlfled as members of=7 the genus -

.

VJ.er.o, and the oxldatlve stralns as members of the genus

e, e
[

AT

s

" oTU -w'h"J'lch"jdo“"not'-cluste;r "co'nsistently :

The rema:.nder of the seaweed and scallop isolates

T do not cluster cons:.stently as ‘a- result of the f:u.ve cluster

L analys.Ls methods. , These twenty OTU aré listed in. Table 9

’ 'and 67 the. only two oxidatlve stralns 1solated from sea- "- .

. :'?-'

They are a heterogenous c\fllect:l.on of stra:Lns wh::.ch, w:.th o

a few exceptlons, bear no relatlonshlp to each other or. to .

any of the robust clusters. L

' It is interesting that thls list 1ncludes OTU 66

weed in the Dl set. ‘ These two O‘I‘U are closely related to -
each other, differ:Lng in only two of the one hundred and‘
twelve characters studled, these belng the utlllzatlon of
L—u- alanlne and a —ketoglutarate as. sole carbon and energy

sources.' These two OTU probab'ly repreSEnt a slngle L

hacterlal specnes. They do not cluster closely to any of
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. Source
. Source

' ' Table 9. OTU which do not. cluster.consistently .

. .. ‘Metabolism

i

25,28,36;,37 .+

66,67

86,69,110;112,113,114, "

119,126 .

14 2
- 1a
o

14

© 14

‘148 -

149

- .63. o :
12,76 0

o 141
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5
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' sources, separates these two stralns from the predominant

T UV ——

- the robust clusters.' These stralns are ox:.datJ.Ve, ' and S

the only extracellular enzyme they produce is lipase.' '
ThJ.s, comblned w:.th theJ.r abJ.l:Lty .to utlllze only 23 of

the 117 organJ.c compounds tested as sole carbon and energy

/ ~

» seaweed and scallop flora‘ on a phenotyplc basus. “oTU 67.

was found to have a G + C content J.n 1ts DNA of 46..4 moles

i

‘%'; Thls 1ndlcates that OTU 66 and 67 belong to the genus

‘ closely related to each other, formlng a. tJ.ght group as a

Other stralns llgted 1n Table 9 that are of

1nterest are O'I‘U 112,.113 and 114 '“hese strains are

result of all flve cluster analyses.. All three OTU are
fermentatlve and were 1solated from scallop. The only
exoenzymes produced. by these stra:Lns are lJ.pase and

gelatlnase ' Thlrty—elght organlc compounds are ut:.llzed

by at 1east one of" t‘he stralns as sole carbon and energy

= sources. ThlS is the same - number as that found fo:ythe

o

stralns An cluster B, whlch are also fermentative stralns
- . ,;
1solated from scallop..' Actually, twenty e:Lght of the

- substrates are common%both groups, and thJ.s 1s probably

why OTU 112 113 and 114 clustep near cluster B in’ three

'_" of the flve cluster analyses.; L

-

T Stralns 83 and 84 are ox;LdatJ.ve and both were

«

1solated from seaweed w1th the D3 set. These stra:.ns are .

not related to- any robust cluster and may represept a

L gt o T D

2 _"‘.*,,:
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r,;ﬂ“-’ s:.ngle spec:.es smce they dlffer from each other on a .

51ngle character, th.‘LS ben.ng the utllizatlon of glycerol

‘as a sole source of carbon and energy Only ll of the 117
. .

' jorganlc compounds tested were utlllzed sole sources of

—

carbon and energy : Interestlngly, these compounds are
L predomlnantly allphatlc am:.no ac:.ds and sugars. , Hence,
these stralns are nutrltlonally 1solated from any of the

.;.'robust clusters.b_. As a matter of fact, lack of nutrltional

;_‘versatlllty appears to be the main reason why the seaweed

o '-:‘and scallop isolates llsted 1n Table 9 do not cluster w1th s -

‘ any of the robust clusters. R T TR

\

The llst of OTU 1n Table 9 also includes all nlne ;-'

reference stralns 1ncluded J.n the cluster analyses. .

s, ) - -

'Although there are a llmlted number represented it can be S

- "concluded that the type cultures, whlch are mes'cphlllc,

. ._-"are dlfferent than the populatlon of psychrophlllc bacterlav

i 1solated from scallop and seaweed Th:.s will be elaborated '

upon 1n, a later sectlon.‘

‘ . 'i."xoenzyiﬁe "p"'roduction‘-f )

b

ot

As a’ pomt of general J.nterest a synopsn.s of the

results of the exoenzyme productn_on tests for the seaweed

’_ "and scallop stralns J.s glven 1n Table lO. The percentage

c~ of stralns producmg gelatJ.nase, chltlnase, and ,to a

o, T

B "lesser extent, llpase 1s about the same regardless of the

' sourc_e of the. stralns. However, am0ng these three
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{Soﬂrcé,of'OTU

. : N _-'. /
, . Fermentative - .

yro

) '-(65

| Oxidative

Cew

“seallop . . -

. ' Fermentative -

... ‘laminaranase

_‘alginase

YT

-7 83

celluldse (CMC) . 29

L}

Ry

‘ _amylase L
‘gelatinase -

"chitinase.- -

<.

-

88

63.

211:,11-
 ?47}4::

.O,f |
35§-f,'

88
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orgamsms. More strains from seaweed produced lamJ.nar-"-_.»l B \

- ,anase, alglnase, cellulase and amylase, and tw1ce as many -
. ', Table 10 1t is apparent that the source of the stran{s is:. “I_ - _:

'-‘,'I-exoenzymes However, among stra:Lns 1solated from seaweed
.the percentage of straJ.ns that produced exoenzymes was A

:j"'greater among ferméntatlve stralns tharx among. oxidatlve L

1,'.~.'

' fdent-if5i'ca=tio“n : af-.- oTy’ -

/ characters, such as ‘the matrlx used earller 1n thJ.s study,
_;.s J.mportant for descrlblng groups of orgamsms that have o
._ not been” studled extens:.vely. Cold ocean marlne S
.__‘,"eubacterJ.a are 1n thlS category It requlres a 1ess
.extens:Lve data matrlx to determlne 1f the cold Ocean
f."marlne eubacterla can. be identlfled by character sets that
;are, known to be useful for the 1dent1f:|.catlon of mes Ophlllc ; . t
'marlne eubacterla.' These character sets can be found in

dlagnostlc tables publlshed by Baumann and Baumann (1981) -

(1981) for the J.dentlflcatlon of mesophlllc fermentat:.ve

- 107 -

fa-

' '. exoenzymes, gelatinase and chltrnase were produced by

‘ fermentatlve orgam.sms more often than by ox:.datlve

fermentatlve stralns from seaweed produced these exoenzymes-'

)

‘ than dJ.d oxidatlve stralns from the same source. . From

_more 1mportant than whether the stralns are: oxldatJ.ve or_ :

"fermentatn.ve Wlth respect, to the productlon of a variety of,-' s :

i [

'

«

stralns. L \ v T a

oo
, .

A data matrlx wh:Lch 1nc1udes a 1arge number of -

'

The dlagnostlo tests used by Baumann and Baumann R -




S U e S SR SO S -
J . - il - . T

R Ce e

St
LY N

L

»
&

- T

-v108 -

marJ.ne bacterla are glven J.n Append:l.x B Table 1’": h._, -

results of these tests for all of the fermentative stralns

from Seaweed and scallop were comp:.\%ed In addltlon, S ‘

results V'ere complled,- from the llterature, for all
: b " L.
currently recogn:,zed type cultures of facultatl’Ve marlne -

eubacter1a1 spec1es. ' These. results are glveh :Ln a data

o Tme

matrJ.x (Append:.x B Table 2) whlch was analyzed us;Lng the

: s:.tnple matchmg coefflclent w1th s:Lngle llnkage clusterlng..'"

‘ 1n F:.gure J4. It 1s apparent from Figure 14 that there are

s The dendrogram whlch resulted from thlS analys:.s 15 giVen

st111 six clusters, despite the use df a much smaller data

R

-'s',et. Clusters A, B and ¢, and the :fermentatJ.Ve component

- T

of clusters D, E and ‘F are all J.ntact. v None of these

H '
v

clusters :anlude any of the twenty-one reference strains.~ :

The latter stra:Lns form two dlstlnC‘t clusters conta:.nlng S

spec:.es of Vlbr.'LO and “Photobacter:.u.m

' : Cluster C, whlch contalns fermentat:l.ve stralns

from the D2 and D3 seaweed :Lsolatlcpns, 1s a relativelJy

- tlgh-l. cluster at the 90% 51m:Llar1ty level This ¢lus ter

fuses w:Lth one of the Vlb] io clusters at the 85% sln':Llarlty

4 level Two representatlve\stralns from cluster C, OTU 44

: (a D2 1solate) and OTU 59 (a D3 1solate) ’ w’ére exam:Lned

u51ng electron microscopy to conf:.rm the type of flage\l’}x R

tlon “ straJ.ns were\ conflrmed as bavmg a s:Lngle pola
flagellum when grovm :Ln 11qu1d medlum (Flgures 15 and 16)

The G + C content in- the DNA of - both OTU 44 and 59 wa'-'.

T - e d — s SITRFRIRETRPSRIIPREIPIA 1 T O
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~found"to be'45.3'moles %.‘ Therefore, it may»be concluded _3_53:'::Lw

that the stralns 1n cluster C are’ members of the genus.:

'Vlbrlo,'and may represent a new spec1es..lT 54 R

e - . . ' V.
L [N . A

Cluster A, whlch con;alns fermentatlve stralns

‘frcm the Dl seaweed 1solatlon, jOlnS the Cthbrlo cluster
at the 83% 51m11ar1ty level @TU 21, a represéhtitlv

)

straln from cluster A, was found to have a G +C content B

‘y N

l 1n 1ts DNA of 43 1 moles %. It was conflrmed as hav1ng a
51ngle polar flagellum when gfown 1n broth and observed
us1ng electron mlcroscopy (Flgure 17) Therefore, 1t can':
bexconcluded that the stralns in }luster A belong to the ;”

lgenus Vlbrlo, and they may represent'a ew specres. L
Cluster B and the fermentatlve component of

cluster F fuse at. the 87% smmllarlty level and these, in

'turn, que w1th the A- —Vlbrlo cluster at the 79% 31mllar1ty ﬂ

—

nlevel' Here they are ]Olned by 4 of the OTU hlch‘comprlse

T
.. '

the fermentatlve component of cluster D.' OTU 93,- . ff“, s
EOR FEA
R representatlve straln from cluster B,_was found to have a

srngle polar flagellum when grown in broth and examlned o

us1ng electron mgproscopy (Flgure 18) It had a’ G + C

i

°content 1n 1ts DNA of 45 1 moles %., Therefore, the stralns . '.“ -
" from cluster B, wblch were lsolated-from scallop samp%es, ‘,' f]g

can be 1dent1f1ed as belonglng to bhe genus Vlbrlo, andz

they also may represent a new- spec1es.- Based on phenotyplc

characters only, the fermentat1Ve stralns from cluster F .
o o e
can also be 1dent1f1ed as belonglng to the genus Vlbrlo,

‘A o ST . e e, - L. __,_.,-—

~

2 ,‘J‘.
\b ¢
f‘
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;and they may represent-a spe01es not yet descrlbed in the
111térature.; ”:'_f; ’_.p : /ﬁ;' . f.‘,:. f :ngutp “Q._J‘
All of the fermentatlve stralns 1n cluster D were .

\wsgkffﬁﬁ'

',1solated from seaweed durlng the Dl and D2 1solat10ns.;'OTU

;-18 ‘a Dl;lsolate, was found to have a G + C content in. lts"»;..-»é

zﬁnf_;, _E”f'h‘j ViDNA of 45 3 moles %. ThlS 15 COHSlStent W1th the genus h‘.';.;

PE kT fn-..‘Vrbrlo. Therefore, the fermentatlve straln from cluster D -

s

“f.can be assrgned to the genus Vrbrlo.A These also may

represent a new spec1es.,

HY

.fr The two fermentatlve stfalns from cluster E OTU
. 115 and 116, occur w1th1n6the larger cluster of mesophlllc

',gtype stralns.j Based on phenotyplc characters already

l .
\

'.4W;l_“:"f :'T”:vdescrlbed, OTU 115 and 116 can be tentatlvely 1dent1f1ed as oo
S T "_'belonglng tO the genus Vlbrlo._ A more deflmte ldentlfl-a
'f catlon can only be made when data on the moles % G + c of .7

o . these stralns are obtalned ',.:'”:_, o T

"fj_' 1.}_ S . OTU 19, 28 and 63,‘whlch do not occur ln clusterst;\ B
S » ,5l-‘A to F form a small cluster rn thlS analy31s at the 83%

-srmllarlty level Wlth Vlbrlo angu:llarum blotype 'II and mayfﬁ

.;__be tentatlvely 1dent1fred as stralns of th1s specres.

i? The dlagnostlc tests used for the ldentlflcatlon N
- - of ox1dat1ve marlne bacterla whlch accumulate PHB‘are given “- ' .-
7:1n Appendlx B Table 3. The results of these tests for all
. [;h'”-;;hof the oxldatlve, PHB-accumulating stralns from seawesd, as-'
i,'“V B .well as the reference stralns 1lsted 1n Baumann and Baumannlr';, g
, N f"f(l981), were complled 1nto a, data matrix whlch is given in f E
:'\7: \\ . ) - . . . - '. ." . - M "
) ; ‘l.’ o b '
-'_wfnf‘:"fﬂ?"-M.h"."vl-'_'.”'_*-‘":-?“.'; _-,—.ll..—.,.--.: e -_i« . »_ g ; , u' i - ;_.:~.,,;- u_..;uu-v’—ku_ﬁ.»k-unuauu’i n
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Appendlx B, Table 4 The data were analyzed usrng the -

~

o D f' s1mple matchlng coeff1c1ent w1th s1ngle llnkage clusterlng .

. s
i . PO - I

None of the ox1dat1ve stralns from scallop accumulated PHB

The dendrogram°wh1ch resulted from thls analysls is glVen' Coe T
¢ T TR
1n Flgure 19._ All except ‘one’ of the oxldatlve, PHB— o S

S pariacnts AT ST

K

accumulatlng stralns from seaweed are in cluster D -The'-

TR

' "remalnlng straln, OTU 76, 1s not a member of a partlcular

'3¢fAf~h755~. . cluster.A It can be seen from the dendrogram (Flgure 19) ﬁﬁj'ﬁfgjf

B B

“f'i ?'- . _i”~$‘{T3j that the ox1dat1ve OTU of cluster D“form a dlStlnCt cluster,;

at the 88%. s1m11ar1ty level whlch 1ncludes Pseudomonas ;T

"marlna\- OTU 70, a representatlve straln from thls,cluster,

Sl F—

was conflrmed as hav1ng a 51ngle Dolar flagellum when grown”d

,'1f. . f‘}i;;' hxfi'fln broth and observed u51ng electron mlcroscopy (Flgure 20),"
N ' ';. ‘ .':.OTU 70 71, 77 79 80 and 81 were found to have a G + C |
-?éf .- content . i thelr DNA of 62 5 moles %.} Thls lS w1th1n the
i'range of values publlshed for P marlna (Baumann and _}h;

: e 1QL:'A:.:"., Baumann, 19 l) Therefore, it can “be concluded from pheno;~d'

) ‘ tygrc genetlc evmdence that the oxldatlve OTU in cluster‘j‘J

® . D ar .stralns of P marlna. OTU 76 has pot been 1dent1f1ed -

. ﬂ~52311,_ The. dlagnostlc tests used to 1dent1fy oxmdatlve

A

o marlne bacterla Wthh do not accumulate PHB are glven 1n ‘.Wf'

o p ! \

';P" : -j., Appendlx B, Table 5 : The results of these tests for the R

_seaweed and scallop stralns, hJch are ox1dat1ve and do not_u

5

o ~f:H R ;J'?'_,' accumulate PHB as: well as the approprlate reference stralns‘ L

- b , llsted ln Bdumann and Baumann (1981), were complled 1nto a .
.. 1 B Lt ;_ - - .
A ,;?h R data matrlx (Appendlx B, Table 6) whlch was analyzed usmng fff‘f 5
! : ~ ‘ T N K . . v Lo oo - '. . T I !
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'_‘II"'.the s.unple matchlng coeff1c1ent w:.th single llnkage ) "
R -clus ,terlng. The resultlng dendrogram 1s glven 1n Flgure 21 "’5
= - ,' Only f1ve of the ox1dat1ve stralns from seaweed ' E’
" do not accumulate PHB._ These strazrns are’ not’ members of o ‘ ;
S R any partlcular cluste;‘ and 11kew1se do not form a d::.stmct ; ’\
.l\\ _ o | L .cluster in thls analys:.s.: Three ;of these stra:l.rls, OTU 72,_ ‘.,.,"'"r lf
.83 and 84 appear to be assoc:.ated wrth spe01es of . 4
. Alteromonas, but even ‘a tentatlve 1dent1f1cat1.on 15 not : " L ’
, pos.slble.. .The remainlng two stralns, OTU 66 and 67 the S 1 .l"
. R on‘ly Dl (seaweed) ox1det1ve strains in the entlre study, ,‘~._‘7'~f.- é E
S fuse w::th OTU 133 and l13\4 at the 91% srmilarrty level -""!_rh;em- A \j
1atter two OTU are scallop 1solates from cluster E. - 'Th‘i.s-i"‘. | "‘;
{ ' group of four OTU cannot be 1dent1f1ed at the spe01es level. ?}
e However, OTU 67 was found to have a G + C content in, its i
s DNA Of 46,4 moles %,' J.ndlcatlng that 0TU ‘66 and &7 belong ;
B : to the genus Alteromonas. OTU 133 was - found to have a G + c . o }: .
content 1n 1ts DNA of 62 5 moles % J.nd:Lcatlng that OTU 133 " ' % ;
' _ and 134 belong to the genus Pseudomonas., OTU 119 and 120 . -
v : - c*annot be 1dentuf1ed at’ the present tlme. R TR R _-
i The remainlng OTU in. this . analysis are ox1dat1ve S "
b o " stralns from scallop.. They belong to clusters E and F o
. It can be seen from the dendrogram (FJ gure 21) that cluster o G
% 'E ‘is fragmented-.. All of the oxidatlve OTU 1n cluster E, e RN
' except the two mentloned earller, form a. large cluster at _ L k‘ .
- the 87% 51m11ar1ty level th.ch also 1nc1udes the ox:.datlve : — _;“' -
b _ OTU from clus_te:_r F. The OTU from cluster F d1V1de the OTUI'. '
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! of OTU merge.- B - NP
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I ‘ marlne bcxcterla form a, cluster w1th Alteromonas haloplankt:.s

7" a$ "stralns of thlS specles. However, eleven of the O'I'U from
thlS c/luster are capable of aromatlc r:.ng cl eavageiby the ' v
‘ ortho pathway. Thls c’naractermstlc is not possessed by t;ype )
cultures of A. haloplanktls. , A representatn.ve straln from '. ‘ :

B Py

' 5"1-"' | th_ch are. not capable of aromatlc rlng cleavage may be

(e T ARV NEYRACA S

PO TN S T A t Basnam : . 3 N T - : . B VI o e P T
T T RN Sy s A S A I AT s L e S s e O AT TR S 1 ¢ SRR N 4 i = e et e g ;e g et e Y Sy o
B . R ' . A - - - . . .
. T o . 3 L o

< Cfrom cluste'r'E into two- subclusters. Accordlng to the o
v o " 3 ) .
dendrogram thJ.s large cluster of ox1dat1ve, Pl-lB—negatlve

A0S

"

i T L i e T L S N S S S
N SLATRA SRRt _ax..-,:g,».:.a._,,“;—,-,__a.‘..;;.(,,;;-_—:.) £, DN

at the 85% simllar:.ty level, and therefore may be J.dentlf:.edl .;' T

the OTU that were not capabJe of aromatlc rJ.ng cleavage, OTL.I-.‘-. '-. .
122 was found to haVe a G + C content 1r mts DNA of 43 1 B 1

‘méles *.' Thls is w1th1n the range of values ‘that have been

MRS publlshed for A haloplanktls (Baumann and Baumann, 1981) "
' ' OTU 122 was also conf:rrmed as having a smgle polar C

flagellum when 1t was grown “in broth and observed usn.ng o g

electron microscopy (Flgure ‘22} Ther%fore, the stralns

ldentlfled on. a phenotyplc and genetlc bas:Ls as stra:.ns of-‘--.,' :
Alteromonas haloplanktls._ A represe'ntatne stra:Ln whlch . 5':' '
) o was capable of aromatJ.c rlng cleavage, OTU 118 was found . S
| to have a6 + ¢ content in :Lts DNA of 44 4 moles ¥ Th.'LS B
) . 1.s only sllghtly greater than the highest publlshed value S 2
‘ ' for A haloplanktls of 44 0. moles % (Baumann ‘and Baumann, o \‘,

1981) Therefore, the straJ.ns 1n thls group Whlch are .'

, capable of aromatlc rlng cleavage can be 1dentified as. oo

. either a ne‘w blotype of A. haloplanktis or’ boss:.bly a new o

o spec1es of Alteromonas. -
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. 'Figure 22. = Electron micrograph of-OTU ' . . . - . .
.-+ .122 showing "a single polar SR I '
L . flagellum (86,970X). )
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In summary, .'Lt can be stated that the fermentative

-'strains from each of. the s:.x ma;lor clusters cannot be
._1dent1f1ed at the specs.es level but they may represent new
o -spec:.es in the genus V:Lbrlo, a separate spec:.es belng

-represented by, each cluster. Three fermentata.ve stralns '

o

'th.c,h do not cluster cons:n.stently, OTU 19, 28 and 63, can .

be tentatlvely ident:.fied on a phenotypic bas:.s as strains

T 'of V. angulllarum blotxpe II All three OTU were 1solated

's'..,

-'_from seaweed, each on a dlfferent sampling date. "l_';[’he'_~ :
.'oxz.datlve stra:ms from cluster D,- all of Whlch accumulated

- PHB and were 1solated from seaweed (D2 and D3) .- can be . f ,.', s
_.1dent1f1ed on a phenotypic and genetic bas:.s as strains of )

o Pseudomonas marlna., 'I‘he only two ox1dat1ve stralns from

‘the Dl seaweed isolatlon, oTU 66 and 67 were 1denta.f1\ed as

_.-.

. belonglng to the genus Alteromonas and they may represent,

O"

‘ a new spec:.es. The oxidatn.ve strains from clusters ‘E and F

(except OTU 120 133 and 134) . which ‘were’ 1solated from

scallop and dld not .accumulate PHB, ¢an be 1dent1f1ed on a

phenotypl and genetlc basis as strains of Alteromonas

haloplanktJ.s and, 1n the case of those sfralns Wthh were o

_ capable of aromat;.c rirg cleavage via the gﬁq pathway, -
. .. elther ‘a new biotype of A.. haloplanktis or a new specres ﬂof
;’i“'Alteromonas."" OTU 133 and 134 were 1dent1f1ed “as- belonglng
4_ to the genus “Pseudomonas and they may represent a spec:.es
" not yet described \ o o . ﬂ. AR
: 7" . - ( . - .
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_ seaweed and the scallop and that,

thls table also augments the assertlon

The: identi'f'ica'tioh of 'the stfains‘ dn éluétéré'A

K

to P 1s smmnar:.zed J.n Table 11. The lnformatlon g:wen 1
~made earller, that

dlfferent spec:Les of bacter‘:.a were assoc:.ated vuth tl-i&

S

of bacterla on the seaweed changed w1th tlme. -

A
b

to ‘an- extent the SpECleS
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R S . -Table 11. Identlflcatlon of the major clusters cf OTU'_ "-‘ R

‘% ' obtalned in, th:.s study. oo £ ,

. Cluster: .. -  Source . ¢ . 'Genus/species* . . " .o

A "séawee'd';;'Dl . ‘ o p0551ble new spec:.es of &
R ‘V:Lbrlo- : de51gnated Vlbrlo:-,'. —

\

L SDP ay e TT e

BT o7 oscallop o e T possmle new species of ST VRIS R

ra -

= . L 'fq"l AT ' h V:Lb’r’i‘o, des:.gnated Vlbriu‘::' B

T T - YO R

S ‘ c ‘_'-.',‘f.j'.s.t.aa:weed; 'D2., D3 o possible new species of
I ) a f - _':'VJ.er.o, des:.gnated Vler.O X L
L T USRI sped. - G
E D - -n§§&§§dé,,D.];,_';,D2_ possmle new spec:.es of e
,E ) l' | R lf.'".'»‘VJ.bri.o des:.gnated V:Ler.o"'_ :'
: '.'éeiawleed'; b2,D3 ] "-'Ps‘e’udpmaﬁas‘-."ma-x"i'n&‘l ’
: * Id:esntifica'{iian"a-t the spec:.es‘ level was- carrled out | ‘
: - - when possuble usmg the ch.terJ.a of Baumann and Baumann
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Table 11 continued ... , - R .
., - Clustexr ... - ¢ Source . ' Gen.us/spec:r_es "
TE¥,F L e gdallopt poss:.b]e new.. species' of
. B V:Lbrio, desu;nated Vlbrlo
. :..'". ‘ o sp. e and Vlbrlo sp f.
e e . o : —_— S
. .scallop : Alteromonas haloplanktls C
e ol Coo S and eithe,r a new blotype of
: ' haloplanktls or a new

e
.~
‘
-
,

spec es of'Altergmonas.__
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RN o envlronment and the majorlty of the stralns were obtalned

'ﬂ} 5{.1 fffu.ln this study it was observed that almost all of the d
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‘DISCUSSTON. S T PRI
"FOf'thié study, the’ methods of numerlcal taxonomy

‘were used to classrfgzggld ocean bacterla from two sources.

-

Py

.These were seaweed (Alarla esculenta) ‘and glant scallop

-,(Placqpecten magellanlcus) The prlncipal objectlverof thls

' study was to determlne 1f cold ocean marlne bacterla are thelﬁ'
tﬂ_isame specmes as thelr mesophlllc counterparts from temperatea

~waters,.but w1th a lower optlmum temperature for growth, or-
‘fwhether they actually gonstitute different species;f-é."

esculenta and P magellanlcus were chosen as. the sources of -

'?.the stralns because some earller work had been done to .',.f-“»7;j S

LI

Jcharacterlze the stralns from these sources (Hollohan, 1980,'}

:LPowell, 1978) and the prellmlnary results lndlcated that ‘ d.[.ui-é

‘~there might be. several dlfferent types of baé%erla present.

fAlso, a rev1ew of the llterature showed that the bacterlal

.:1flora of these organlsms had not been studled 1n depth ‘t; ‘ ff ;n

The stralns studled were from a cold ocean

e ‘.

when the water temperature was approx1mately 5°C. 'Although o ',L"'{

f:the psychrophillc nature ‘of the stralns was not determlned

K

Pstralns grew well at 4°C. A mlnorlty of the stramns
; e - ol o
'studied by Baumann and Baumann (1981) grew at: 4°C . Studles I

'?5 have shown that bacterla 1solated from the coastal waters

~

"lf:tﬂh'lf*fof Newfoundland and Erom: the Grand Banks of Newfoundland

o,

'have an optimum temperature for growth of 5°C to 12 5°c

-
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7and that_;hey grow well at l°C (Gow, personal communlcatlon,
MlllS, B Sc. Honours Thesxs, Memorlal Unlvers1ty of
',Newfoundland in preparation) ThlS type of growth response

‘".wlth temperature 1s typlcal of psychrophlles (Morlta, 1975).€r

'.fermentatlve organlsms, these two types of organlsms were

"bacterla together in such analyses.d

'x-establlshed, and several hundred publlcatLons’concernlng the
I-years (Colwell and Austln, 1981) The most commonly used ,;'féé

. l - ‘._
"Colwell\(l977) evaluated a- total of 31 coefflclents for use-

.v.T_L)L:.f;..wh;-;, A ey A3 . s .. . PO . . e

rrn L T I T L Tt L

S I28.a-,."' ’ o

v . s e ' y L D

- Although ox1dat1ve and fermentatlve metabollsm o

are heavily‘weighted characters An- trad1t10nal taxonomles,

a,

:and ox1dat1ve bacterla are often studled separately from .

:1ncluded together in the numermcal analyses performed 1n
_thlS study to determlne whether the clusters whlch resulted
:f”would reflect the natural grouplngs OF: the. stralns. 'Fbr,'

-lall but a few exgeptlons thls turned out to be the case.

%,
However, ox1dat1ve and fermentatlve stralns Were separated

O N

:1n.the cluster analyses Whlch compared the pSYChIOphillc
"stralns w1th the mesophlllc type stralns llsted 1n Baumann PR
_and Baumann (1981) Thls was done because 1t would have

-"_hbeen redundant to include both fermentatlve and ox1dat1ve

The prlnc1ples of numerrcal taxonomy are well

"appllcatlon of these technlques to bacterlal cla551f1cat10n

and 1dent1f1cat10n have been publlshed durlng the last 25°

:coefflc1ents in such studles have been the 51mple matchlng

<

’ and Jaccard coeff1c1ents. In view of thlS, Austln and

.51n numerlcal taxonomy of mlcroorganlsms.E These authors

e sl e e g e
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found that 15 of these coeff1c1ents prov1ded useful

“?_f IR __discriminating properties.u They concluded that a W1de range
of coeff1¢1ents can be useful in. numerlcal taxonomy of
é.a:_;__ o ;bacteria, and thaéythe chorce of coeff1c1ent need not be

n,- ;fﬂ”' . -'.llmited to the 51mple matching or Jaccard coefflcient.._

? e P .lThese authors also recognized, however, that the choice of
:coeff1c1ent remalns subjective. Researchers have continued

"} - . L . . to- use either the 51mp1e matching or Jaccard coeff101ent,. :hf.

| | 'perhaps because these coefficlents are relatively srmple,*:’

l{@ f:and therefore easy. to understand (Sneath and Sokal, 1973)
A few examples ‘of papers which have.employed the 51mple
7f1matching coeffic1ent are Baumann et é; (197la), Baumann

al. (1972), Pfister and Burkholder (1965Y and Gillespie .

T"(1981). The Jaccard coeffic1ent has also been used in many‘.‘

R g;} __'.'studles,' 1nclhd1ng kaneko et g .(1_97-7, 1979) ; Hauxhu;st

| ."‘et a1. (1980) and Atlas et al. (l982)' For reasons whlch
.have already been mentioned 1n the Introduction, Colwell

L and Austin (1981) have recently recommended that numerical

‘j'taxonomic studles of bacteria utilize both the 51mple_ T ~§§_‘

' pmatching and Jaccard coeff1c1ents.; ThlS practice has been L

,followed by Colwell and* coworkers, as well‘as others,:formb,.

* sonie time (Austin et al.,xl979, Sochard et al;, 1979 ; Gray
‘Jand Stewart, 1980) . The study reporte i//thls thesrs -
"utllized theASmele matching and Jaccard coeff1c1ents, both
:J’w1th 91ngle linkage clustering L The resulting classifi-h'd‘

g'catlons ‘were v1rtually 1dent1cal, as 'was . the case wmth the

-

.ﬂstudies mentioned,above. ThlS 1nd1cates that the exclu81on

B
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's;f' was. 51m11ar to that produced by the 51mple matching and
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'a.t of negative matches, as w1th the Jaccard coeff1c1ent,.had
mlnimal, 1f any, effect on the classlfication which was _Q:i;' e
produced. J i . -;f

Three additional cluster analysls programs were

,used in this study to test the robustness of the OTU cla551—-”-.'”ir
.flcation. The cla551f1cations produced by - these three \
programs c01n01ded.‘ In fact, the cla331f1cations produced
by the Euclidean distance coeff1c1ent w1th both Ward's and

- o

relocate clustering were 1dent1cal The cla551f1catlon EV‘

B -

nroduced by the Jaccard coefficlent with den51ty clusteripg

e .

~

‘. R K .
‘fj_ Jaccard coefficients w1th SLngle linkage clustering.. That :j

‘is,-the hierarchical arrangements of the clusters obtained \\\J//,
from the five cluster analyses were of two general patterns. ;A;;J
One pattern was, obtained when the Euclidean distance '}' ”fyr

. coeff1c1ent was used the other w1th the 31mple matchlng or . -

Jaccard coeff1c1ent ’ Hence, the differences in- clustering
. patterns result from u31ng elther a dlSSlmllarltY or o o ”),“" -t!
. 51milar1ty measure.' However, the dlfferences between the
two general hierarchical patterns were minor.l Even more
'1mportant1y, the OTU 1n the major clusters varied llttle,
| if at all between analyses. ThlS indicates.that -the OTUI

cla551f1cation obtained rn thls study 1s~taxohom1cally

' robust when tested us1ng the crrteria of Wéiﬁart (1978)
A rev1ew of the pertinent 1iterature indicates that the . f‘lt*y
= study reported in, thlS thesis 1s the flrst 1ﬂ whlch the, | |
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criteria of W1shart (1978) were applied 1n testlng the

robustness of the OTU c1a551fication for bacteria.
:) e, ,“_: ;‘ This study also represents one of the first known
attempts to apply the taxonomlc schemes dev1sed by Baumann

" and Baumann (1981) for- the characterization of the bacterial

,flora of macroscopic marlne organisms, specifically seaweed )

and giant scallops. Bacteria 1solated from marine sources

_have been characterized 1n many studies conducted durlng the .

past two decades.» These studies have employed either the
o original taxonomlc scheme of Shewan et a1 (1960) or more.,

recent rev131ons of that’scheme such gs those published by

~Gibson et'al (1977) and Sochard et al (1979) In a11 cases

o the. strains were 1dent1f1ed at the genus level In most

casqs only.a llmlted number of strains Were 1solated often

from many sources. Thls makes it difficult to observe any

' correlation between source of strains and groups 1dent1f1ed.

el K
A . f Colwell and Llston (1962a) studled the natural

(-\
bacterial flora of several marine 1nvertebrates as part of

‘a. general ecologlcal survey oﬂ%marine commensal bacterla.'

L The invertebrate samples 1ncluded Crassostrea gigas (Pac1f1c

oyster), Hallchondria panlcea (marine sponge), ﬁbli o ‘

' opalescens (squid), Metridium senile (sea anemdhe), Aurelia

.sp. (medusa), and PSeudostylochus ostreophagus (flatworm)

4

. ," - whlch were collected in Puget Sound Washlngton., Also

1ncluded 1n the study were samples of Coenobita perlatus

(1and hermit crab) and Lambis lambis (snail) which were

captured in Eniwetok Atoll 1n Micronesia. _These.organisms

TR LTy M Seren . - ot vt s D e 1y, e N S S e = e B e g s S 2 gy e et e g+ e 08

Kiesi Ablaataid
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;represented Six invertebrate phyla., A total of 220 pure
ES e ,fcultures of bacteria were isolated and identified.n it was
g>‘_: ‘observed that, With the exception of Lambis lambis and°

'Pseudostylochus ostreophagus, which are littoral zone

animalb the distribution of bacterial genera Wlthln the - i

-

,.5‘*’«-:'1 B M

o e ‘JV'_‘, T 3-samples taken from animals belonging to widely different
! B o _taXonomic groups was similar. The predominantvbacterial o
',genus present, in all cases except the two mentioned above,'l

s,

}“was Pseudomonas. Flavobacterium and Achromobacter spec1esl=

twere also present in Significantly large proportions.

. Lambis‘lambis yielded a bacterial flora conSisting entirely

‘,AFT- o of Pseudomonas and Achromobacter. Pseudostylochus

- -

,f |
- %' B P 'ostreophagus, on the other hand, yielded BaCillus, Aerobaoter
. , ,
!
i

'and Alcaligenes speCies. - The authors noted that 89% of the

I\l i,,' Coo - Pseudomonas strains isolated from L. opalescens produced a L

';'.”green fluorescent pigment : It was also observed that

R

- ;'fermentative types of bacteria occurred in- significant -
7-numbers on C. gigas, H panicea, L lambis and P. ostreo—

phagus,'all of which are either SeSSlle or assoc1ated With

\. _),

‘n';4; SeSSlle animals. OXidative bacteria were the major types' h

"isolated from the free—SWimming L. ogalescens and the '.f'i ‘ ‘?.g

idrifting Aurelia species.'-Ihe types of bacteria isolated }

'from C gigas by ColWell and Liston (l962a) were found to

be" Similar to those found during an earlier study of the
o 'J;.bacteriology of. this animal (Colwell and Liston, 1960), 1n' -

thch the dominant genera were found to be Pseudomonas,

v

L - -yibrio and Elaﬁgbacterium,; oo ﬂ- ::n. ﬁf'.f"; S :4Qp: _ﬁ o

o
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Beeson and Johnson (1967) studied the natural ‘sl

bacterlal flora of the bean clam, Donax: gouldl. Forty—seven o

P jbacterlal stralns were 1solated and 1dent1f1ed The-

"'predomlnant genus was Vlbrlo, Wthh comprlsed 50% of the

*

_{f,tlcilsolates, followed bydbseudomonas (17%) : Th:ee straini were . ;
V‘identlfled as Escherlchla Castellanl .and Chalmers 1919 :
h'spec1es and the remalnlng stralns.were left una551gned i

" I';'In v1ew of the paucity of knowledge of the -
:]bacterial ilora of coelenterates, DooreSIand Cook (1976)

'characterlzed the aeroblc,_mesophlllc, heterotrophlc bacterla

27', ~l,:found on the medusae of the ‘sead. nettle, Chrysaora qulnque—

o 4f cirrha, in. Chesapeake Bay Computer analys1s§bf 208 unkrown
. e .
) bacter”al stralns 1solated from the sea nettle perm:tted the-

"-1dentif1cat10n of 15 groups ‘of bacterla, representing 133 of

.
[

. the stralns.; The remalnlng 75 strarns falled to’ assoclate

o e e ..,
B ALLE v e LA e »

w1th any of the lﬁ groups at the 70% 51m11ar1ty level.

1, S ;' Twelve of the groups (68 8§§of the 1solates) were ldentlfledl
: BRI -"as Vlbrlo, 2 groups (ll 6% of the 1solates) were 1dent1rred

as Pseudomonas, and l\aqbup (8 2%, of the lsclates) was B
ildentified as Bac1llus. The authorsﬁnoted ‘that all of the

e o e YT
- .

T e it g
.

. bac1lll werealsolated from a group of morrbund nettles and 'L;S-.

therefore reflected an abnormal conditlon. The remalnlng T.Q“

_,
Lo . .
s e . o e
-

O 1solates were dlstrlbuted“as follows.' Flavobacterlum-(z 4%).

Ac1netobacter (2 4%),lMoraxe11a (l 9%),_ ytophaga (l 9%),.f

'-j* . .j;,'f' ' and gram—p091t1ve coc01 Ll 4%)...

Slmldu et al. (1971) studled the bacterlal flora
g‘- '.. 'ﬂ:. of phytoplankton and zooplankton in lehlura Bay, Japan.—”

: .
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’ These authors found that VlbrlO and Aeromonas thether

-comprised more:. than 70% of the bacterlal strains isolated
-

: 'from the plankton samples. Pseudomonas comprised approxi—fu

mately 15% .of the strains R

A v i PR ‘ I

One of the few attempts to characterize the

'natural bacterial flora of echinoderms lS that of Unkles

(1977) who studied the sea urchin, Echinus esculentus.

;Three anatomical siteg wexe sampled for their bacterial

o
flora .‘the gut, the.coelomic fluid and the peristomlal

. membrane. Approx1mately 200 specimens of E.. esoulentuS«f

3were examined, the animals hav1ng been collected over an

: 7of 85 bacterlal 1solates from the sea urchins and for K

comparison, 26 strains from sand and seawater were identi-

4

;nfied. Overall, the main genera were Pseudomonas and Vibrlo. -

,From seawater and sand, and from peristomial membrane there ST

' was a high percentage (approximately 25%) of gram~pos1t1ve

-bacteria, but none was found 1n the gut or coelomic fluid.‘

From"he latter 51tes‘the predominant gengfa were Vihrio,"”
L}

e

"318 month period at approximately monthly 1ntervals. A total

_fo 1owed by Pseudomonas, Aeromonas, and Flavobacterium,'in A

N .
peristomial membrane, and from sand and seawater.

Sochard et al.'(1979) studled bicteria assoc1ated

hat -order. ‘A few 1solates of Moraxella and Ac1netobacter,'f‘i

“:'(formerly ClaSSlfled as Achromobacter) were made from the o

ith the surface_and gut of five speCies of marine copepod..,_'

-

:A total of 329 strains of bacteria were)isolated. Fifty—i

o

five percent of these strains were 1dent1f1ed as. belonging

— - g - r - (ST PN
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~i53 2':ff"j fto the genus Vibrlo and 22% weré 1dentlfied as Pseudomonas"
i::;?j:'i ;' ' pec1es.. hree percent of the 1solates were rdentlfled as-;"
o ;.{‘:r ' : :.letophaga or Flavobacterlum, 17% were unldentlfled, and 2
o _i }:‘ f; .flsolates were assigned to the genus Chromobacterlum _

F '{_”;:‘ o o _ Boyle and Mltchell (1981) studled the bacterlal ’
':,7} ﬁ;i :5:: flora'of the.marlne wood—borlng 1sopod ﬁlmnorla lignorum
7n}."f o 12' i_Sixty—51x stralns of bacterla were 1solated and the .

T; o .fl'? ”}redomlnant genera were found to be Aeromonash Pseudomonas,“':.
-?; : fj:;f ; . V1br10 and Ac1netobacterx_'- | . Io -
%fﬁ'L;. .%ffl, . Atlas et al..(1982) characterlzed 130 bacterlal

.‘V}.Ziif' : '.zstralns lsolated from the Arctic amphlpod BoeckOSLmus S o
ﬁj;f;r tlgh.‘} iaff1nls and found the dom}nant bacterlal flora to consist' o
-”, : }':-- . ‘of gram-negatlve, motlle, facultatlvely anaeroblc rods wh:ch AR
f-'%_:{ f_.‘ 'aappeared to be members of the genus Vlbrlo. ' .
-J':{:'ai":-- -f The bacterlal'flora of marlne sponges has been i
:'::;.Infﬂ¥”- llnvestlgated by several people, 1nc1ud1ng Madr1 et al
5 e .'_'j:~(1971) . Relsw1g (,1975) . I‘mhof/f and Truper (1976),‘and
“ 1 - . :‘.Wllklnson (1978a,,1978b 1978 - -

S ’ Madr1 et . 1 '(1971) studled the bacterlal flora‘

. of the redbeard sponge, M1croc1on1a prolifera, and found

~'that lt consisted of spec1es of Pseudomonas, Achromobacter,-‘i

'uFlavobacterlum, cOrynebacterlum (Lehmann ‘and Neumann lB96),__lj_‘1<

Mlcrococcus, Vlbrlo, and Aeromonas. They also found gram—

rnegatlve, non—fermentatlve rods whlch could not be.'.{:.'

'identified. Madrl et a1. (1971) also demonstrated quantl—'

tat1ve differences 1n certaln genera from month to month

over a G—month perlod“ Aeromonas and Vibrlo were 1solated

) k i
) .
' g
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'!h;I ’ although’further study may show that there 1s suff1c1ent-
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,rarely and 1rregu1arly. Pseudomonas predominated durlng the

..'summer months with a corresponding decrease 1n the 1eve1 of

coryneforms, whlle Achromobacter and- FlaVobacterlum 1evels 'vj-'f ';

'remalned relatlvely constant.

In thlS ‘study. of scallop thezpredominant:flora of;

A:Na+—requir1ng bacterla was Alteromonas and Vlbrlo. There

:were two kinds of Alteromonas, One belng A. haloplanktis and

:another that closely resembled A halop]anktls but was -

.J'

capable of aromatlc rlng cleavage and had a sllghtly hlgher
‘moles % G + c in. 1ts DNA. These dlfferences are suff1c1ent

‘~fto name the latter group of stralns A haluplanktls blotype

B L.

'-grounds for the creatlon of a new spec1es. For now, it is

v

_'-proposed that stralns of A. haloplanktls not capable of

Y

"aromatlc rlng cleavage be called biotype I and” stralns cap—a'

'Iable of ortho cleawage be called blotype II

As shown from- the formatlon of clusters by cluster.

'analySLS there were three dlstlnct groups of Vlbrlo asso—“-

...c1ated w1th the scallops. The feature by . wh1ch these groups

could be dlstlngulshed was the range of organlc compounds

pwhnch they utlllzed as sole sources of carbon and energy

»

" "The stralns in cluster B utllrzed relatlvely few carbon‘ -

fcompounds._ The v1brlos in cluster E used ‘a wmder range of "

fcompounds and those in’ cluster F used the most. l . '-'.J.H‘J

In the origlnal\study of the scallops (Powellﬂ :.¢'”

1978) 1t was shown that 85% of the str&uns requlred Na ‘forf{”fkff

.growth. Al further ll% of the strazns were 1dentif1ed as"'s

'9.
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:Pseudomonas fluorescens Mlgula 1895 and these d1d not

- -
. ,-ﬁ// L.
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Y

_requlre Na+ for grthh. Therefore,

. w1th the scallops are Pseudomonas, Alteromonas and Vlbrl :

‘I_The latter “two . groups have a requlrement for Na

1nvertebrates.ﬂ However,

‘:Llsts of Bacterlal Names published by the I C S B

" Commlttee, 1980),

'reported as Pseudomonas 1n earller studles.n

,Baumann,

: clam captured 1ih. the ViClnlty of‘Vancouver Island.

the genera a55001ated '

1n the

growth medlum ThlS 1s one of the flrst studles to report f

strains of Alteromonas spec1es assoc1ated w1th marlne ,1

.

because the genus Alteromonas was

bot off1c1ally recognlzed untll llsted in the Approved

members of the genus would have been v
. R .

‘ _']f.=: It is of interest to note that the marlne pseudo-

monad B—16, whlch has been the object of exten91ve phy51o—
loglcal studles by MacLeod and coworkers (revrewed by '

MacLeod 1965,.1968), has been 1dent1fied as AlteromonaS'

haloplanktls straln 214 (Baumann et al X 1972 Relchelt and

1973b) ThlS straln was 1solated from a~mar1ne

There-_dl'

fore, 1t is apparent that A haloplanktls 19 1nd1genous +6

hoth the western Atlantlc and eastern Pacrflc oceans..{'zr-7;ﬂ'

C0n51der1ng that marlne algae elaborate and

excrete large numbers and amounts of organlc compounds, '

[

whlchrare 1ncorporated as structural components of the

outer,muc1lage‘ of the algae (0 Colla, 1962), and that

heterotrophlc bacterla commonly exhlblt chemotax1s to

:f,.concentration gradlents of organlc compounds (Bell and )
N Mltchell 1972), the surfaces of large, multlcellulaf

's'-'h . . -'. S el
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marine algae should provrde extremely favourable substrates

for the growth of eplphytic, heterotrophlc bacterla

only a few comprehen51ve reports about the bacterlal flora
.of macroscopic marlne algae “(Chan and McManus, 1969
- Laycock, 1974; Kong .and Chan, 1979 Shlba and Taga, 1980)
AR ' Chan and McManus (1969) studled the bacterial |

populatlons of two assoc;ated 11ttora1 marlne algae, 3

Polxsrphonla lanosa and Ascophyllum nodosum, and the

env1ronmental seawater. Twenty*frve s':alns of bacterla

that occurred frequently were 1dent1fied to genus.~ The_

[

most frequently occurrlng stralns belonged to the genera e
K VlbrlO and.Flavobacter.l Eight of each genus were present.

Three stra1ns¢hglonged to.. the genus Escherlchla, two were ‘,_1”'

pseudomonads, and one each belonged to the genera Sarc1na

Goodsrr, 1842, Staphylococcus, Rosenback 1884 and~"

Achromobacter ~One 1solate was Rhodotorula,+Harri

a pJnk yeast.

"K'h Over a thrrteen—month perlod La ck (1974)

,investlgated the bacterla assoclated w1th the surface of

l-_' y

:'.fronds of a subllttoral brown alga, Lamlnarla 1ong1cruris.

’ffA psychrophlllc population was. assocrated wrth the alga’?'“

durlng the w1nter and a mesophlllc populatlon w1th the

J decaylng frond durlng the summer.o Barterla whlch hydrolyze _ﬂ

5and a group of bacterla hydrolyzlng mannitolk_protern and E

'alglnate were characterlstic of the mesophllic flora. :,p

(Sleburth et al.,_1974) Desplte this howevef there are-

v e L bt e e e e s+ b e 4 et - : R A il (Sl P

1928 -
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“:lamlnaran were characterrstrc*oftthe psychrophrllc flora *" '
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.;'Efa | | Q-Inereases 1n the numbers and proportlons of bacterla
.'f éf ;\:ijw;;;::fnutllrz1ng plant substrates accompanled frond decomp091tlon.
-é‘ﬂ: o.ff-. L j:.“ﬁﬂFort; two hundred bacterlal cultures were 1solated and';hnf: .;J
f?qf ﬁ“ f}fu‘_f ' ’ blldentlfled to the genus level - The most common genera x
i ‘.J"Ehf-x:"”;'ff' ‘ﬂJsolated were VlbrlO and Pseudomonas groups 1 and 2.. ':t
-'%:;- “,_'j;ﬂau’_*-f‘]:-'_'gj_' Kong and Chan (1979) 1solated a: total of flfty—‘
; . ; 'elght stralns of heterotrgphlc bacterla from varlous marlne ,“
i 'flalgae." These were the green algae Ulva lactuca,( f: ' i
_5& 'Chaetomérpha brachygona and Cdalum cy11ndrlcum, the brown 3-2;; o
‘{;algae Sargassum hemlphyllum and Ectocarpus srllculosus, and ‘ﬁtrt,;
j’h?,:the red algae Poly51phon1a lanosa and Hypnea charoides.. t" "
y ) :;The bacterLal stralns belonged to seven genera, 1nclud1ng
ftf S - "Pseudomonas, Vlbrlo, Alteromonas, Xanthomonaq -Dowson, 1939,
1. i\;__ : Achromobacter, Flavobaeterlum and Micrococcus. Stralns of
' " '-;Mlcrococcus and Achromobacter were the domlnant flora o
'assoc1ated wrth the green algae. The yellow and orange—' 7
! H:plgmented stralns of Flavobacterlum and Xanthomonas,'and ftr
'%" Avff[ fiflf.ﬁf - ';stralns of glteromonas comprlsed the major flora of the T}}:;;?
) ’ | ) .brown algae.h The domlnant bacterlal flora of the red algae

' was 1ntermed1ate between that assoc1ated w1th the green and

. brown algae. However,.stralns repreqentlng all of the Jﬁ
'~a5519ned bacter1a1 genera were Present f. f..'%' ,'ff'a,:‘fii
. 4 ' Kong and Chan (1979) found that a large proportlon .
}r" :;'{'.-.'“ji;:.ﬂEOf the bacterlal stralns 1solated from the marine algae O
. : ' 'h_Produced extracellular enZYmes Such as gelatlnase, amylase L.,;
R ‘”';nd alglnase’wblch alIEWEd‘the bacterla to utllee varloug ......

s b - . - . . . . P /

'-.:algal substrates."
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Shiba_andﬁTaga (1980) studled the bacterial popu— ;;f"'“

'lations aSSOCiated w1th four spec1es of seaweed and the

o . ~ . [ ‘

fwenVironmental seawater in Nabeta Inlet and_Otsuchl Bay,

B £

_Japan. The seaweed spec1es sfudied were the green algae

Y

f,Monostroma nitidum and Enteromorpha;linza, the red alga; .-f

';j'Porphyra suborbiculata, and the brown alga Eisenia bicyclis. .

'f characterized by a predominance of the genera Aclnetobacterﬂﬁ"

N

'_generally characterized by a predominance of the pigmented

‘:and Moraxella.f Small numbers of pseudomonads and vibrios _

were 1solated from all samples studled.\'

the Vlb]los that were 1solated from fresh fronds of A

-.\,

'jThe bacterial populations of the green and red algae were

M(. R

In thlS study of the seaweed Alaria esculenta,“;5

%

.J_

4McManus (1969), Laycock (1974) aﬁd Kong and Chan (1979) all

u

’ observed that bacterla associated w1th marine algae'elab-

_orated*a number-of exoenzymes spec1f1c for comp]ex pOlymers“___r;r

-, |.!.. ';
present in the algal tlssue..;; ;h;,rﬁ*'

The only study¢@ther than the one reported here

which has characterlzed the bacterlal flora of a marine KJfﬂif

P

o ‘genera Flavobacterium and ytg@haga._ In contrast, the ”“;ﬂﬁvjﬂ‘ :

trb%cterial flora of the brown alga and seawater samples were

“ae

n,marine Vlbrlos and some pseudomonads (namely é marina) ?

‘made - up the majority of the bacteria associated with the :%:‘ﬁ
,'.fronds.f Ten percent of the strains described earlier by | ',;fg”f
}>Hollohan (1980) dld not require Na+ for growth-and were not :1;
“-studied here:fﬂlt was. observed in the present study that 7:i€?"7'

'-'esculenta were potent producers of exoenzymes.' Chan and .'1ﬂjf_7;:
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zeland stud;ed only fresh seaweed blades,

) Laycock (l974) found that the dominant genera

”_ were Lsolated only fr0m Octob

TSR Doy

A0

.alga over an extended perlod of t1me is that of Laybock

o

(1974) who studled fronds of Laminarla 1onglcrurls over a .

thirteen—month perlod _ However, 51nce Laycock (1974)

identlfled the bacter1al stralns only at the genus level

1t is dlfflcult tc>\!3

>

draw parallels between that study and the One reported here.

present-over'

the study perlod were V1br10 and Pseudomonas. ~However;[«

there is ev1dence that there was a succe381cn of bacterlal
")--

spec1es during the 13-month perlod since the bacterlal

- —~——

populatlon associated w1th the fronds dprlng the summer,..
were found €A‘be mesophlllc, whereas the bacterla asscc1ated
w1th éhe fronds durlng the winter were found to be psychro-l

phlllc.~ It is p0551b1e, though that these bacterla were
-
the same spec1es but becams adapted to the amblent tempera—

5

"tures-present throughout the long study perlod

-

capable ‘of produc1ng an extracellular alg;nase and gelah",

fil tlnase remalned cons1stently hlgh throughout the year, whlle“- )

bacterla capable of produc1ng an extracellular 1aminaranase
-.,,,--.. . .

er to Ap:r:.'l.l.r g ;u;~

)» ? Kong and‘Chan (19W9), who studled the bacterlal

flora of seven spec1es of macroscop;c marine algae whlch

' were collected on a’ 91ngle occa31on, found t}at a hlgh

S

proportlon of the stralns 1solated were capab]e of produc1ng
- 2o e o
Ian extracellular gelatlnase, alglnase and cellulase.[

- 9.-':l ’ Laycock (1974) also found that numbers of bacterla',

—anf

et

q‘.\._
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Since neither Laycock (1974] not Kong and Chan

' 'fsay whether the low proportlon of bacterial stzalns capable"l

of produc1ng varlous exoenzymes .on’ decomposed A esculenta

'-brades observed ‘in thlS study is tyoical of marine algae in7-'

N

e general or-a phenomenon that is possibly unlque to A

;,:'(1979), Kaneko et al} (1979), and Hauxhurst et al (1980)

'fcapable of produ01ng these varlous exoenzymes would be"

. Pflster and Burkholder (l965), Kaneko and Colwell (1973),,.;

- esculenta.. The former hypothe51s 1s most llkely to be the Eﬂ'v

icase since 1t has been shown (Haug and Jensen, 1954

v, L

lose and. lamlnaran comprlse a/great proportlon of the

o C i @ ST S

'(1979) studled decomposed marine algae, 1t lS 1mpossmbie to '“'

aperclval and McDowell 1967) that alglnate, gelatln,\cellu_ :EL‘“"

o ) o .
organlc matter 1n fresh fronds of seaweeds such as A RIS

t

N ,_'esculenta -and several LamEnarla specles. Therefore, lt'

would be expected that the greatest proportlon of bacterla

Ny

i’isolated from samples of fresh a]gae ' leew1se, sghples of
'Adecomposed algae would presumably yleld smaller numbers of
l'bacterla capable of produc1ng the same exoenzymes 51nce the -

amount of these substrates 1n the decomposed algal t;ssue'“

is no doubt much lower than that ln the fresh 11v1ng algal

~tissue., co V”"'

' Identlflcatlon schemes derlved from that of

ifShewan et al: (1960) have been used in the study of plank—

gtonlc marlne bacterla by several 1nvest1gators, 1nc1ud1ng A

'Gauthler et al (1975),'S1m1du et al (1977), AustJn et al

;»,__*él:‘\;a
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| ‘ ' ' Agstln et al. (1979) conducted a comparatlve study

'of the bacterlal flora of the water of Chesapeake Bay and ,;»1

P,

','Tokyo Bay A total)of one hundred and nlnety-flve aeroblc,.fi""
':Af., heterotrophlc bacterlal strains 1sclated from the two bays 3

E were examlned for one hundred and f1fteen blochemical,
f{ f::.'hfcultural, morphologlcal, nutrltlonal, and physlologlcal ,."
Lem L

-characters.\ Numerlcal analy51s of the data reveaJed that _"

'.:[ﬂ77% of the 1solates could be grouped lnto 30 phena and

- ;f'presumptlvely 1dent1f1ed as A01netobacter - MoraXella,

- ¥ : S }; 'Caulobacter Henracr and Johnson 1935, coryneforms,i>'{g'h'i't

Pseudomonas, and Vlbrio spec1es. Vlbrio and Ac1netobadter
'1.spe01es were found to be. common in the. estuarlne waters of

f

',"Chesapéake Bay, whereas Ac1netobacter - Moraxella and ."-

:Caulobacter predomlnated 1n Tokyo Bay waters, at the’ 31tes
el : ;samplga 1n the study._ N é&

. R .
" Kaneko et al (1979) studled the taxonomy of f1ve -,

T P I T e T
et . ‘
. -, . . .

.hundred and f1fty—three bacterlal stralns 1solated from the"

e - N

3"Arctlc Beaufort Sea. The stralns were tested for three i_' :

hundred charac‘irs.- Computer analys1s of the results

. f‘ﬁ. .
e .g”:dlstlngulshed 27 phenotyplc clusters. Fourteen clusters

- f';con51sted of bacterla whlch had been lsolated at 4°C The

I

B L _remalning thlrt\en clusters were bacter:a whrgh had been

,f“:'f ""5;“ﬁisolated at 20°C.4 The predomlnant genus 1dent1f1ed wae

-f}; :fiuxa‘”'izZf-iFlavobacteriumf(9 c(ustersh, followed by Vibrlo and ;{;"

L l

'EfﬂPseudomonas.- Seven of the clusters could not be 1den§1f1ed .
,_'jn'All of the lsolates were psychrophllic or psychrotrophlc. ;u=' -
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V.from the northwest Gulf 1solates.' ‘The domlnant organlsmspin
l*not found in the northwest Gulf of Alaska.- Several clusters'

'_i::VlbrlO - Aeromonas group. A hlgh proportlon of the stralns
L y

'from both reglons were plgmented several clusters of @'&/.f

‘*Qan;mals and plants belQnglng to w1dely dlfferent taaonomlC‘.iir

“The results of Kaneko et a1 (l979f contrasted‘

w1th those of Pflster and Burkholder E%?ES) who found

‘szeudomonas spe01es to be domlnant and plgmented bacterla
to comprlse a low proportlon of the bacterlal populatlon in- i

'_Antarctlc waters.sfjf “:? :'f‘j.l,v‘ a

Hauxhurst et aLr\ilPBO) characterlzed two hundred

and forty—seven bacterlal stralns 1solated from the north-

'west Gulf of Alaska 1n OCtober 1975 and one thousand and ten o

bacterlal stfhans 1solated from the northeast Gulf of Alaskaﬂ.f

7:1n March 1976._ Computer ana1y51s of the results:revealed.2{='.

clusters from. the northeast Gulf 1solates and 12! clustersf’

'»the northeast Gulf of Alaska were ldentlfled as belonglng.to‘g

_the Acinetobacter - Moraxella group _tHESe organlsms were o

. from samples collected from both the northeast and northwest'

| ‘Gulf reglons were tentatlvely 1dent1f1ed as belonglng to the

i -

u' M
$

"l,Flavobacterlum were 1dentif1ed There was ‘a notab]e lack of"‘

.

':.fPseudomonas spe01es in both reglons of the Gulf of. Alaska.-w
n"ﬁyg "f Overall, the results of the former studies tend to

"slndlcate that there is no obvious relationshlp between groups

kil,dlstrlbutlon of bacterlal genera wlthin samples taken from"

NS . ® S

N

lQ?of bacteria identlfled and the source of the strains. Thefﬂ‘nyzz;;;i_

;hgroups is 91m31ar. The same is’ true for Water samples from ;3*1 |

,,,,,,,
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"ible, at the speCies\ level Although the s(tudy was -.

-restricted to bacteria that required Na+ fcr growth, Bﬂdto '

B *_;"--b'aé‘,{cér.ia in these clusters could be identified as; belonging-

\

/.

" eographically distant areas. In many cases a w:.de range of

1]

bacterial genera have been identified The most common

genera fcund were Vibr—io, Pseudomonas and Flavobacterium

b

'Such diVerse genera as jtophaga, Escherichia, BaCillus,, e

: -_‘.Ac1netobacter, Micrococcus, Aeromonas, Chromobacterium and

j‘-'Corynebacterium have also been found in various habitats., -

B researchers identified the bacterial :Lsolates only at the

«

o

earlier studies were conducted before the Na"‘ reqUire.ment

o

RN

' ,studies have :anluded various types of bacter]ia, many of-s :

s

: Leg. Micrococcus, Bacillus and Escherichia) R

¢
§ -

T-

- %

had thlS characteristic (Powell 1978 Hollohan, 1980) and -‘

therefore the majority of the strains originally,isolated !

..from the two sources were represented in this study. .

The results show that 86% of the cold ocean

. ': -
s
e

RIS SRR v STVt

was’ popularly recognized as a: distinguishing characteristic :

_90% Of the strains isolated from the scallops and seaweeds'

,.,.However, it must be remembered that for the most part these -

'genus level and many used simple taxonomic schemes. _"I'he' o _—

which could have been contaminants from terrestria], sources L V

.
In the study reported here a comprehenswe taxon— .;’ ,

o omic scheme was used Strains vere: identified when poss-—'

'of true marine bacteria. Consequently, many of these -

isolates fell w:.thin six- Well-defined clusters. The e T

onilie,
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to a small number of genera, namely Vibrio Pseudomonas and

Alteromonas.- ThlS is’ 1n contrast to " the great number of

. N ‘__'.
genera found in some of the studies mentloned earlier. It

has been determined that the 51x clusters may" represent at o

LY

least eight spe01es of bacté’rla. This small number of —

specles would suggest that the waters of'- t1~e northwest
'- Atlanti'c near Newfoundland may have only a few species of

sl

marine bucteria relative to the total number known._,:'

Approx:.mately forty speCies of mar:.ne bacteria that require
) 1;1 for groivth have been described (Baumann and Baumann,
1981) However, dlfferent groups of bacteria Were asso—
c.1ated w1th the scallop and seaweed and therefore 1t 1s ‘ |
poss:.ble that if- more habitats are sfudied more spec:.es of
_ mar:l.ne bacteria w:.ll be found. ThlS would be a subjeqt -~
\suitable for further study. _ _‘ e ) '
h Tho groups of bacteria associated with P

o magellanicus were different than those found on A.

’, L

esculenta. _ BacterJ.a from marine 1nvertebrates and seaweeds .

A\l

have not been compared bef,ore in gl smgle study. _ Colwell :

'_"and Liston (1960, 1962a) - Simidu et al."(1971) and Sochard .

Y

E ,"_invertebrates and concluded that spec:.fic bactemal genera.

' ~were not associated wi:th spec:x.fic sources. . However, the

B4

methods used to differentiate the strains may not have been

suff1c1ently detalled to detect differences beyond those ’

that distinguish genera. The same problem has existed J.n

,et al. (1979) studied bacterla from variious species of .
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: the study of bacterla 1s<51at d from seaweed (Chan and

Y

. mately two years apart

this questlon was beyond the scope of thlS.. thes:.s.. ,;' L

taxonomic siﬁ‘dies is, to provrde simpJ 1fied .1dent1ficatlon S

_ 1n thlS region have been presented in this 'thesz.s.

McManur., 1969 Laycock, 1974; Kong and’Chan, 1979, Stha and .

A

Taga:

The observatlon that the bacterial flora of the _

-

scallop was dlfferent from that of the seaweed does not

, necessarily mean tla‘at these dlfferences are constant ‘T'h'e
L9 ) SREIRY : .
scallops were. collected at a dlfferent s:.te than were the
P

, seaweed samples, and the times of collectlon were approxi-

Had the scallops and the seaweed RERRERS

been collected at the same time and at the same s:.te lt o

il . 7

would provide ev:Ldence that the bacterial flora was
dlfferent because of the assocration of the flora with the

host. ' The differences observed An th:Ls study may- have been

due to’ population fluctuations w1th time or ' to geographical
.

location. {l‘he answer to this questlon would be 1mportant

vto- env:.ronmental blologists. It is poss:.ble that sampling

) /

: at one.-oxr two times or one or two locatn.ons may not giVe a

I s
true plcture of the typlcal b%cterial flora. Anwanswer.to ‘

One of the fundamental purposes of detailed

schemes or dlagnostic tables.‘

?
characters for differentz.atlng spe01es of marine bactemria

Appro)umately fifty important

"Q

~These

tests could €. used to study chang n the population of

AR
the bacterial flora both according to habitat and time.
o I i g, ) :
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Atlantlc near Newfoundland were character:.zed
l
N ‘2‘.

4.

O VY R
| ;summ&ow CONCLUSTONS "~ . *

N Cold ocean marme eubacterla from the Northwest

‘ -

The predomlnant bacter:.a were from the genera Pseudomonas,

Alteromonas and. VJ.er.o . o o .

. The pseudomonads 'We_re J.dent::.fled a§* Ps marlna.

-:Th'e alte‘ro'mona‘ds 'we"re' 'J.denta.fled as A haloplanktls and

| some may be a new blotype. .
Clusters of psychroph:.llc v:.brlos were obtalned "The'se '

sere not :Ldentlfled,to the spec:.es 1eve1 but each cluster

1

‘may represent a new spec1es of marlne v1bm.o.

: Different groups of bac‘terla were assoclated w1th the

‘ "dlfferent habltats. The scallops had a dlfferent popula-

- tlon of bac;terla than dld the seaweedw“ Furthermore,
'there was a success:.on of v:.br:.os that populated the -

B seaweed durlng the blodegradatlon Drocess
: L

.
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