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. . ABSTRACT

| An examination of bacterial strains from the pelagic
and epibenthic regions from the water columﬁain the
Northwestern Atlantic Ocean near Newfoundland was made.
Ninety-one strains were recovered from the pelagic angd .
epibenthic regions and tested for 135 binary characters.
U51ng numerical analy51s. clusters of related strains were

identified .and the characteristics of the clusters

determined. Pelagic strains were mainly fermentative and

™~ .

C clustered separately from the epibenthic strains whlch were

mostly oxidatiVe;‘ Identification was achieved with the aid o

of" type and reference cultures. Fermentative bacteria were-
tentatively identified as members of the genus yibrig
although some spec1es of Aernmnnaa were present. o

Nonfermentative strains were identified as Alteromonas,

Elazobagterinm and_ Rsendomgnaa Although direct parallels

could not be drawn, the bacteria isolated for this region -

]

most closely resembled populations described for Alaska. New‘

Zealand and Antartica.-; . - ¢

- B . .
. . -
a . * *o -

L) . . ‘. ’ v

N



. ' ACKNOWLEDGEMENTS N

I wish to thank Dr. .John Gow for his advice,
. . !:, N . .

enoouraoement and supervision throughout this broject and
preparation'of this thesis.. I thank Dr. Pat Dabinett for

‘ his adv1ce. suggestions and comments with respect to the
:‘*’:. _ B . "principles—of numerical taxonomy, and 1n the preparation of

. P

“ ‘this thesis. I thank Dr. T.,Patel for hlS suggestions

during the initiation and development of this progect. \ \“
i,i *f"i As;wellp I have greatly appreCiated the computer
. ﬁ'f assistance from Ms. Donna Green and : Mr. Bill Garland

= -~ (Computing Services, Medieine) and the cooperation of the

Computer'Serv1ces technical staff during the production of
. graphical plots and typing of thlS thesis. ‘
\f"‘ o ' {\X;; Numerous people have ass:sted me during. the rLgearch
ph senoﬁ—tbis~p393eet
_K”
Wilson, Mr. Wai Au, 'Ms. -Jennifer Martin—aqd~Hs Janet—Nolan.

———

-:_ ‘;i. .‘ Photographic'ﬁork was aSSisted by ETV, Audio-V1sua1 Services
. (Faculty ‘of Medic1ne) and Roy Ficken (Biology Dept.). '}

'-Electrdn microscophy was done by Ms. Carolyn Emerson.

;5 : .;.l R hr. ‘A special thanﬁs to Hs..PatriCia Reddick for her
*encouragement and"KEIp during the final phases of thlB‘

L R project. .
. . . N . v . N ] _

=



-

-iii-

oY)
.

TABLE OF CONTENTS

”

ABSTRACT .I....'.....l..lll..l.l..'...ll....-."l.lll..'i

v

Page

ACKNOWLEMEMENTS ...l.".l‘.l‘...ﬂ'........I.....l..'l..ii

JTAPLE OF CONTENTS .'.l...I..I-‘................;.l.‘..!_..j:ii‘

-~

LIS.T-OF TABLES .IC....‘......C..Q.......I......'......I...v

?

, e —~—

INTRODUCTION .l.II..I.'........"....... O......'.I..I.I.

¥

1.
Yo,
s

.

Ecological aspects of marine bac eriology .....f

(

Taxonomic aspects of marihe bact riology ceeens
Theorétical aspects of numetical taxonomy covee

Objectives of the. present study ceseeeeseroenve

.MATERIALS AND METHODS .l.ls..l....l.tl..‘.'..............

1.
2.

Media used to isolate and malntain the strains .

Isolatiﬁh-of the strains“.........;.‘:.;.....ﬂ..

3.

4.

5.

6.
7.
8.
.

Type cultures and reference Btréins Ceeeraraceas

Binaty characterization tests ffieeievseececoccas
Flagella Sta’ini;‘lg .'.'l,'.'.‘.;‘IQ'.........:I...I....
Polyi@ ~hydroxybutyric acid accummulation ......

Aromatic ring. cleavage cec..eseveccccccnscssescns

NUmerical EAXOMOMY eesoeeesossssessnsssasasanses

Elect‘ron miFrOSCOpy -on‘-‘-oo.-cooo-.oc'oooo'oo.c‘-o

.LIST OF FIGURES\-oo.-oo..ornt.-oo-.--.oon-o-o‘cooo-oo-.-Viij.

1

‘g

10

16

18

18
19
23

t30

30

31

32

33
33 -

.i\



P T .-
nikd s, .

| r/) " TABLE OF CONTENTS (continued)

"iV' JEp— B

€

“ .

'RESULTS ....}..........."...........'....'.‘A‘."..........‘... 38.

~.l. iSOIation Of sanains ........l......0....'...‘... 38

.

-2, Genéral characterization Of the OTU cooceveasoss 40 -

30‘ IdentificationOfthe OTU o 9_-;000000‘- veesse e 77

~

DISCUSSION ."7‘.........'......“.-.'.....‘.:........‘.‘._‘.'.....I 92

—r

. SL”MHA‘RY’OF CONCI::GSI_ONS -I-‘-o..-“----:o;-c-o‘;.o‘n‘-ooo-ooo.o‘oo‘-loo

LIT'ERATUR‘E CKITED‘-Q‘G sessese e ’oro;o !.‘o ; e s eo00 e 0." 010{0,:0 . 0. L] olu 0101

~ - v

"‘;'APPENDIX'A:o::ooo\.‘n.c'-:'o;ol.oo‘-o:ooo.oc:o-oooo‘o‘o;oo"o;-ou9‘.116
¢ e - . I . ' . i ,

.

L 1

I -
) APPENDIX B ‘-_.'-.--...-.-..r..._:.-.--o_,..'.-‘.....(........».150‘

‘y



f ' ' IR s MMM
. * "‘i,:;??j/: ‘ i t
- T Ree kY »
y [ \ v %r} ‘l““-_.f_'\_;\".
LIST OF TABLES * ¢
- l Page-
.bee cultures’of marine bacteria from the - : o
- American Type dulture.(ATCP). Rockville, T
Méry1§nd used as control %qltuies cofoasseassess 34
, . . . L . . ' : N
~.Type-an§'reféfence culthrJé used to [identify
QTU ...y‘.-..-'.......-...'.....'.'..‘..........:'......-3'5
SRR . :
. A . e Cu
Reference cultures described by Holllohan (1982)
: = . oC o vl
..0.’..‘..l.l‘nuotntttoito!‘.r..n_i.....,’u.;.DOOCOb-' 36 .
| —_— i . —
Number of colony forming units (CFU) in the
pelagic and epibenthic zones’?fff;..m...;,..... 39
_Thg relationship between zbne.3f¢iqi1atfoh, T
Leifson's (oxidation-fermentation) test (MFO),
. * . LIS Y
‘godium~-ion~requirement, motility and pigmentation
. 8 == —l ‘ ) R . . ' .
in clusters obtained by Euclidean distance. and ,
WaEd‘s~cluBEeting method ..........}...:g;...., 52 A
. . 1" bl ' ) - .
§ ' e |
.' * \.(.‘ %



-vi- . . , . / . )

LISTﬂQg TABLES“(contipued)'

.8 ’ ' . - . !
. ‘Page
Biochemical, physiological and nutr1tiona1 . ot

characteristics of clusters A, B, C,‘D and E

baced on Egclidean distance and Ward's

lcll’steril‘g ‘me.-thod .-..'..,.......bl....."-....li.ﬂu...l 55

2 . ) |

v LI . . i

' S . - ol
Biochemical.,pbybiclcgica;ﬁand natritional

ot N
A
| TABLE
6a
)
E _
| - lep
.- ..characteristics of clusters I, F, G, H and J
: based Qn'EthIQgcq Qistance'ahd:Wardfs
' \ " ClliBtering I[_léthOd .'.:.tooo:o'o..c----'---ct--n;'-.--h 61
e g ’ .
\
v 7
|
N . |
& *‘ )
- p .
- A
tl [} " ’
? J .‘-""-_,‘—-—"
L] :9.

teas v f
Qe o, e ]
[ .

. APPENDIX A - | 3

4

OTU which did not cluster consistantly'c;.....;. 78

~

Sources of the diagnostié:échemes used to. —

identify pelagic and epibeRthic.OTU from the

Northwest Atlantic Ocean near Newfoundland ..... 80

-
Summgty of-tentatiyeiy identificd OTU secesensss 90

£y

P

Source and date of isolation, culture I b

collection number, isolation depth, and OTU

designation for each strain’;...,.;.....,.a.;..;ll? f

v
.



TABLE

.

—vii- I

LIST” OF #ABLES (continued)

3 ‘ Page )
‘ .

Listlof 135 bYinary tests with corresponding-test:

number used for numerical analyses of 115 OTU ..119

bl

~

Data matrix for the numerical claésification'..,IZ&

- -~

APPENDIX B | c | . Ta

. b .
» . . . . o

List of 114 binary tests with gorresponding

test number used for aﬂ@lyses of both S

fermentative and non-fermentative 0TUJ..........151

~



‘ »
4
FIGURE
1
1
!
‘_), 2a
LR '
1 ‘ l,l’ .
. o
ik '
" Ced . -
B . ; .
i s
L " 2b
e I !
!i: s
. ‘ll ‘b \
! E » :' ' e s
| iy .
.
BEERE
Ch
. ‘e i i (‘_
oL ‘
SIS
Rig 1
I R
vl
e } !
o L4
N i
— .
# é “
Ot ’ Il .
o e
i %
‘ ‘ o
. Cy g‘; !
»w ,“ :
P
. rl’!- ’ 5
Pt !
. . f ' N ; .
IREE N
y q- ;_<‘ ! '
. Lo
B, et
Tihres, o ¢ l .
1 bR ’-%
' lgieme 3 \
| PR
s s & :H? . } ': »
.o b, T .
‘. "‘ rif s $ *
' s 2
- ' \ } :
?
. .
[
“a
¢ °._‘ N t ”

' November, 158? and June, 1983

An examp;e of poiiﬁly-flagellhted organism (OTU 27)

-viii--

LIST OF FIGURES _ v

- . L]

Page

-

Site of rst and second isolation taken in

-

‘Peritrichoﬁs-é&agellatrbn of type culture

Alcaugeneﬂ aqnama.unna stained by

Leifson's staining technique ceseesssscsscacmssss 4l

h’.
—

-
-

-y

stained using Le fson;s'staining technique; ++.... 43
Electrofl micrograpn/fpbwing OTU’ 100. with two
mlar flagella .l.....I;..'....'..‘I'..‘I.l..e..iﬂl 45

]

.
. ~ ' 4

Dendrogram obtained using 135 binary tests

‘and 115 OTU. Euclidean distance coeff101ent

andiward'BClUBtering methdd ecesoessnnnse oo“o.-uu -". 48
Wﬁ | ' ‘ o ‘

An abbreviated version of the dendrogram

e

obtained using 135 binary tests and 115 oTU,

. Euclidean dis;ance coefficientf/nd

D
)

~\ no- . ‘
Whrd's clustering method .....;.\................ 50

\"
n 1
L] .
- ’ . ]
] # M
-

] ' '
i a

v - §

....‘.....‘.......‘. 20’

? .



~,

7

FIGURE

-

»

‘10

' An abbreviated version "of rhe~dendrogram

3 obtained ueing 135 binary testsland.lls OTU. fo a'”?,if?

wlinkage Cmféorin-g) I,:.’;.l....CIZ.':.'...l....I.. 71

. --"';'; . ° ». ! “: "‘:ﬂ
& ' ‘ : Loy
-— » 5
‘s . . .
-ix- S " o7  —
LIST OF FIGURES (continued) . SRR
. / b X
. ’ ‘Page

obtained us1ng 135 bLnary tests and‘ﬁls OTU.

Jaccard coefficientmund average 1L§kage

cluste[ing .g.g/.ooococoqcouoocoqococon-oaocclo.l 59 \, . '_

. . o

.
e : . . %
I

An abbreviated version df the dendrogram

' simplecmatching coefficient and single o ’

i

- L4

- g

—

An abbreviated version of the dendrogram

obtaingh using 135 binary tests and 115 OTU, F ) e

simple matching coefficient and density -
'.search clustering ..............:.............u. 73 N
[ . ‘ o o ’ ‘
9 .—An abbreviated version cf'tne dendrégram : 1“f‘ )
" obtained using 135 binary tests~and 115 OTQ; S ‘i ;
Euclidean distance coefficient and | .;
relocate clustering ,T.,.....r..;..,.;:.E....f.. 75. -
Dendrogram"obtained ueing 114 binary tests ) ) 3
and 85 fermentative oTU, simplé matching . o - ‘&..':
. coefficient and single linkage clustering CREREE 81 }.f; /Zi
| ; , SV Ly



! -X=- '

"
“J’ - . é!

—_ (ff’ . LIST OF FIGURES (continued)

- ’l
12 .

. o, %- ’ ) - ) i .
“ »  © . % FIGURE C R
'Y ’ . "' N '.‘g * . - - -
e
. )
‘ R S v C ;
s * © 11-  _-Dendrogram obtained using 114 binary tests
P - - . . - . : . . . -
< - - and 71"non-fermentative OTU, simple >
. matching coefficient and single :linkage
Y \ .clustering ‘.0.‘...,.'..........‘.......’......I.Ql.
Ce » ¥ . T .
. - » - . ' ' ) : ) -~
. . Y » -
- . ‘ . a i 'S
é '
.. ’. ) K . EY ' )
: w ‘ - -y .
‘ i ’ N i . ¢ .
e
S o3
‘-'/4. )
- . ‘ - .
. A . ‘ -
R A
3 ) . . LA P
.. . . < .
Lo R * . A\
. =
R B = k
’ N o
- .. . &
o7 ) “ . " .

3

Page

86-



s E

——

l. Ecological aspects of marine bacteriology.

-~ Oligotrophic and heterotrophic bacteria are commonly
found in the'marine_envitonment. '0ligotrophic bacteria
predominateAregions of the ocean that haye little or no‘
dissolved cé&bon;and they usually exist in a free-living‘
stateoregardiess‘of theipresence_of pafticulate ordanic .
mgttet. Heterotropﬁs,!on the otner hand, reside in areasfof

high concentrations of dissolved or particulate carbon and
- t |

are usﬁallj in an attached state (Akagi et al.,1977; Fukami

et al.,1983). .-

Investigations into ‘taxonomitc representatives of .

oligotrophic bacteria in the water column are few ?5 number.

"~ These bacteria are difficult to isolate and cultivate

—

(Kuznetsov. et ai..1979). Numerical taxonomic .studies of
marine heterotrophs have been more common becauae these
bacteria are- readily isoiated on a high nutrient source.
This group of bactetia readily becomes attached, rapidly
metabolizes and reproﬁuces, and is relatively easy to

maintain (Horowitz et al.,1983). Oligotrophic bacteria can

'be isolated on media cdntaini%g 1 tov15 mg carbon per litre
: (Kuznﬂksov et al., 1979) and heterot:ophs are %apally

'isolated on media containing 29 or more of . carbon per .1ifre

(Akagi et al., 1977), Martin and Macleod £1984) have shown,

T
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that both the specific nutrients available and their
concentrations can determine which organisms will ﬁultiply\t
in a particular environment. |
Several numerical taxonomic studies have dealt.with
heterotrophic bacteria Isolated from the marine environment.
One of the first numerical taéonomic studies of the
heterotrophic‘bacterial flora of the wafe: column was .done

by Pfister and Burkholder (1965). Morphological,

physiologtcal and'biochemical‘tests showed that

—-—

o—

‘iclassification of organisms was possible u51ng standard

compdter programs. Of 9 phenlc clusters obtalned, 5
clu;ters were tentatlvely 1den€3f1ed as pseudomonads with -
different degrees of similarity. Although one cluster was
unidentifiable, Achromobacter and Flavobacterium were
tentatively identified as well as species frem the éamily
Micrococcackeae. ; |

Qu1gley and Colwell (1968) 1nyestlgated bacterxa

" isolated from the water 'column in the PaC1f1c ocean. Using

numerical taxonony, ehey 6bserved five distinct phenetic
clusters and were able to identify species of the genus
EBenéannaﬁ and Aexnmgn;a. Their study showed that bacteria
isolated from the deep-sea ﬁud-water interface and those of
théesea yater vere distiﬁéély different. L

Siﬂgleton and Skerman (1973) compared 155 strains™o6f

- marine bacteria, from depths of 50 to 2000 m, with 36

‘luminous bactegial strains from deep-sea fish isolated off

S
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the continental slope of New Zealand. Seven principle
clusters resulted from numericalyanalyses) Clnster I, which
consisted of bacteria isolated from 50 and 1000 m, was _
identified as Moraxella. Clustere iI and iII were .comprised-
of strains isolated from 50, 500 and 1000 m and were |
identified as !ihnigf Clusters IV and V, recovered f;om 50
and 1000 m réspectively. were identified-as Pseudomonis.

Clusters IV and v were identified as Yihxiﬂ fiaghnni and
Bhnhnhagtexium phgaphg;enm Their results demonstrated that

— \\

LEhntQhaQtaxinm phnanhnxeﬁm existed in both the water column \

and the luminescence organs of deep-sea fish.. \

Kaneko et al. (1979) 8 owed that the domirant bacteria
in the.éeaufort Sea were dﬁyierent from bacteria isolated in
temperate waters. Orange- pigmenﬁed Elaxnhantﬁzinm (or
Cytophaga) predominated the surface waters in the Beaufort
Sea. Using numerical taxonomy they tentatively_identified
groups of the genus Microcyclus, yihrinr_gaendnmnnae.
Arthrobacter and Acinetobacter. |

Austin et al. (1979) investigated marine bacteria from -
two geogrephically different estnaries.‘ Bacteria from each
.estuarx_clusteged differentiy: Strains. from Chesapeake Bay
'were tentatively identified as Aninﬂtnbactﬂz_ﬁnzaxella
Caulobacter, coryneforms, Eaendnmnnna and !ihnin while
Acipetobacter-Moraxella and'c_aumme_r predominated the -
water column samples from Tokyo Bay. - -

Hauxhurst et al. (1980) compared strains from the
1‘ L e

<
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Northeastern and Northwestern Gulfs of Alaska. Using
nonetical taxonomy they tentativeiy identified etrains
belonging to the genus yihtio Elavobacterium, Bacillus,
Pseudomonag and Hnnaxella_AQinethacteL in the Northeastern
Gulf. vibrio, Flavobacterium, mnmzclua and
Chznmahaztﬁzinm were tentatively 1dent1fied from the
Northwestern Gulf of Alaska. Their study showed that most
strains tended -to cluster with strains of 31milar regional
origin.. They attributed this disparity to regional e
diffe:ences in- nutrient\iyailability in the water column. -
| Bacterial flora of the seaweed Alaxia gagnlenta and the:
' giant scallop Placopecten magellanisuﬁ isolated near the
. coast of‘Newfoundland was 1nvestigated by Hollohan (1982).
Six major clusters oflfermentative strains weée-identified
belonging to the'genus Vibrio. Although one cluster of the
fermentative strains contained the type strain Vibrio
angnillaxnm-biotype II, the other elusters could not be
identified beyond the genus level. Of the oxidative etrains
recovered, Hollohan (1982) described strains that were | .
similar. to Pseudomopas marina and Altemmnnaﬁ'hnlnnlanktia -
on  a phenotypic and genetic basie. He_deedribed strains of
the genus Alteromonag and éhénddmnna&;whichlcould not be.
identified’beyond the genus level. These unidentifiéd
ciusters may represent undescribed species. 'y

In summary, the following genera have been identified '

a

in the marine environment using numerical taxonomic



'previously described Y;bxig vere désignated

2, Taxonomic aspects of marine bacteriology.
,-"“"r -
Currently accepted determinative schemes for the

identification of several genera of matine bacteria are

‘*‘based on the work inita:ed by Baumann g; al. (1971) and

Baumann et al. (1972). Baumann gt al. (1971) investigated

fermentative bacteria of marine'origin.. Based on bacterial

Y . T

tests largely from Staniet et al. (1966) ‘and using numerical

‘clupterlng methods, ‘6 groups of Yihnin sp. ,and one group

designated as Rhgtnhan:gxlnm fischeri were described. Due
to the ambiguity of the description of thé. genus Vibrio,
they.proposed the genus Beneckea to describe those

fermentative bacteria.which required sodium-ions, were“of

marine origin and were previously described as Vibrio. Two

neptuna., B... nmida and B. pelagica. ‘reassignment of



|
Beneckea. . , .
In the ninth edition of Bergey's Menual (Krieg, 1984)
20 species and biovars of the genus Vibrio are recognized.
| All species have a definite sodiuh-ion requirement and have
been isolated from the marine environment.
Since the writing of the hinth edition, several new -:

— — e

species have been re-evaluated or described. Vibrio
g;dzxii has been proposed for ¥. . angn;llaxum biovar 2. 1t
A _ 'f | is distinguishable from ﬂl angnlllaxum bjiovar 1 by negative -
4 - reactions with the Voges—Proekauer test,.arginine_iq “

-

"Moeller'e medium; Simmons' and Christensen's citrate test,
.ONPG test, amylase, lipase. growth at 37 deg C and failure
to ferment cellobiose, glycerol, sorbitol amd’ trehalose
(Schiewe et al., 1981),
Love et al. (1981) proposed V. damsela for strains
that had the abi?ity to form ulcers oh the epidermis of the )
‘damsel fish. Pavis et al. (1981) 1nvest1gated strains’ of
!ibnin isolated from shellfish, water, human diarrheal -
stgols qnd ear 1nfections. They were able to‘describe a hew
~species, Y. miﬁienn, which can be-differentiated from other
- : straiggxby itslihability-to grog‘on éucrose; lack of theé "
ertracellular enzyme lipase, negati&e reactions with hoth‘ e
the Voges—Proskauer test and Jordan ‘tartrate. reaction, and
senaitiwity to polymyxin. !ihzin hnllisne,_a ‘species not

yet rec4vered-from the marine envirohment, was isolated from

human diarrheal stools. This strain may be responsible for

) .
. . ' ' . . ‘ v 1y
.. R . ) . 1t



o

&

coast of China’ (Yang et al., 1983).

“fermentatlon of sucrose and lactose.

. phenotypic similarities.

-7-

diarrhea in humans who have eaten raw fish (Hickman gt al.,

!L diazn:xnphigus was described by Guerinot et
(1982).

1982).
al. This species is distributed througnout marine
and estuarine environment and the gastro-intestinal tracts

of marine animals. This specieg is clearly different from -
other species of Vibrio in it's ability to fix nitrogeh by .a_ ..

Vibrio nxientalis was isolated off the
Unlike other vibrios,

nltrogenase enzyme.
R

it ls unlque in its ab111ty to 1uminesce, accumulate

POlYﬂQ -hydr&xybut?rate as an 1ntracellular reserve product

and" utllize DL-éz-hydroxybutyrate, putrescine and’ spermine

as carbon .sources. Tison and Sneidler (1983) proposed the

name ylbxio aeahnatlnns for vibrios having arginine
dihydrolase abtivity, negative Voges-Proskauer test and
Thi's species wasa‘
1solated from shellfish in estuarine environments. -
Baumann et al. (1972) also 1nvestigated C .- |
non-fermentative marine bacteria. Based on a wide variety
of morphologlcal. physiological and nutritional cha:actexs
they were able to identify 22 groups on the basis of '
Peritrichously flagellated groups "

- ¢
with a molecular DNA % G + C values of 53.7 to 67.8 were

assigned to the genus Alcaligenes. Polar flagellated groups

were assigned to either the genus Altermonas (mol DNA & G +
€'43.2 to 48.0) or Pseudomonas (mol DNA'$ G + C 57.8 to ..

64.7). Four species were assigned to the éenqs Alteromdnas



-8~

t

(A; cnmmnnis A. vaga, A. macleodii and A.
mahinnpraeaena), three species to the genus Bﬂgudgmnnaa (g‘_~ﬁﬁ?
doudoroffi, P. mazina. and P. nautica) and four gpecies to
the genus Alcaligenes (A. pacificus, A. cupidus, A.

yenugtus and A, aestus).

Studies on evolutionary relationships based on

ribosomal ribonucleic acid (rRNA) studles revealed that

Alcaligeneﬁ aeuatua, ‘A paclilcue A. cup;due ‘As

._.xennatne and Raendguonaa marina were - derlved from*_, t,

.fluorescent pseudomonads.. Consequently Baumann et

.al (1983) proposed that these alcallgenes and pseudomonads '

be placed im.a newly created genus. Deleya.. Delexa ERR. are )

.characterized by the followzng crlterla, accumulation of

poly a—hydroxybutyrate (PHB). as’ an mtracellular reserve

product, growth at 20 and 35 deg‘f, and utilization of

-glucose, acetate, propionate, succinate, fumarate,
quﬁ -hydroxybutyrate, DL-lactate, pyruvate. glycerol,

L}

L~ 0(—a1anine, D-& -alanine. L—glutamate and proline. With
the-exception of DLI maxina all specres of D%Iega are
peritrichously flagellated. ' - |
Stuéies of rRNA homologies also showed. that etrain G-1
(AICC 27130), whicu previouslﬂ was not assigned-to |

: . \
Pseudomonas because of low mol DNA % G + C values, was in

fact the same evolutionary linkage as P, pautica and P.
doudoroffi. Therefore thie‘strain was assigned the ﬁame P.
‘stanjeri . Baumann et-al. . (1983) dlso studied the .



————

" yaga ‘from éhe“genus.

. jannasghii-reepectively.

Fe-50D dlsmutases, this species was
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Lot e,'—"'." ” \ ' R ‘:
denitrifying marine strain Pseudomonas perfectomarinus. -

Based on bhenotype, ironfcontaininé superox

dismutase (Fe~SOD) and glutamine synthetase (
\

—— ’

concluded that’ tﬂiglepe01es was also part o
lineage as P. ahanxerl- ‘

The marine epecies Rsendnmnnaenniﬂnifi
black or brown pigment, had a mol DﬁA $ G +
phenotypic properries of Alxefgmgnaa. On ¢
charaeteristics anh the simikarities observ
esigha
nlS£1£aQ1£na (Baumann g; al.,1984). |

Further reassignment of

r

|
and DNA hybridization studies excluded A.

t

3 .o !
reassigned these species to the genusluariﬂnmnnia.

et al.

reactiensr Groups H-1 and I-1, originailj

Baumann gh‘a;. (1972), were assigned as Q.

as done when rRNA

(1984) showed that A. commis and Aj _
. related to the genus Qceanospirillum based
r - . -

ide ,
GS) seqeences he
f the Bame

 —
lcieng prodeced a
C and general
be basis of these
ed in GS and
ted Alteromonas

1

nnmmia and AL

Van Landschoot ‘and De Ley (1983)°

Bowdrtch

6n Fe~SOD and GS§
descibed in

kriegii gpduar

Recent determinative schemes are“availéble-for other

genera 6f'aquatrc becterie such as Eljighankerium;
sznnhaga Alternmnneﬂ. Moraxella, Acinetobacter and ’

Aergmnnaa (Bergey s Manual of Syatematic B

1984). None of the Btrains in these gener

)

cteriology,

require

‘sodium—ions for growth and 80 they can be differentiated

yaga were more .



~

: Anine:nhanten (Bovre, 1984{. Most strains are: para81t1c in B

~
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»

~

from marine pseudomonads, alteromonads and vibrios oh this
basis. Flavobacterium strains are aerobic, non-motile,

usually orange pigmented and have a mol DNA $ G+ C of 31 to
”'-d

42. They can be dlfferentiated from Cytophaga whlch shows
gliding motility (Holmes et al., 1984). Monaxella.and
Acinetobactér belong to the family Neisseriaceae. Their
growth temperature optima are between 32~to 36 deg C,
although there are gome psychrophilic strains oft  _

-

warm blooded hosts, again with the 'exception of, some strains '
of Anineknhasten Asinetnhanhen is strictly aerobic. p
‘Acnnmnnaa-and YAhLin both belong to the family YibzinneQQAQ
(Baumann and Schubert, 1984). The primﬂ}y criteria by yhlch
these two era can be differentiated are mol'DNA t"G +C |
and sodium—ion requirement. Iihz;n has a mol DNA % G + é of

"\38 to 51, while Aeromonas has a-mole # G + C of 57 to 63.
Yibrio also reguires sodium—ions for growth, while Aeromonas

does not. — 3 ,

.
t

3. Theoretical aspects of numerical taxonOmy‘.

(1

Numerical taxonomy'wes def ined by Sneath.and§ Sokal
(1973) as 'the grouping by numerical methods of taxonomic
units into taxa on’ the basis of their -character states and
is based on the prinolples proposed by Michel Adanaon.‘ The.-

principles of numerical taxonomy are as follows: = - -
. ,-r""'

——
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i) Maximum imformation content should.‘ be obtained for

all taxonomic units (strains).

-

i1) All characterization (tests should have equal

A

weight.,

ki)’ 'I'axa Qmuld be defined on the basis of overall
similarity accord:.pgwto the results of the analyses (Colwell

and Austin,1981). ° > ) $

Similarity among all possible pairs of strains in the

‘ data matrlx can be determined using a simple matching- .

coeffic:.ent or similarity ra'tio. The difference between

-

these measures is best explained whén referring to a 2-X 2 A

frequency table: ‘.

PR
e
-

'The letter A refers to the number of tests which scored -

positive in both OTU and the letter D tefers to the number -
of tests which scored negative in both OTU. The letter B
refers to the number of tests which scored positive. for OTU .
X but negative for OTU Y. The letter C, on the other hand,

!
refera to the number of tests which Bcored negative for OTU

" ¥ but positive for OTU Y.. The sum of A, B, C and D equals

the number of Binary-tests used in the 'st'udy. Simple

matching is ekpressed as follows:



\
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T s = A§+ D/A+B+C+0D )

'whereas the similarity ratib (or Jaccard coefficient™) is

expresgssed as:

s

S=A/A+B+C, . .

\ ——

3

.'_,___/
Simple matching and Jaccard.coeff1c1ent dlffer from one
another in that the former takes 1nto éonsideratlon both

'Positive and negative matches, whlle the latter ignqres

",. - .=-." .. negative matches (Wishart 1978) .. .f o .

P

¢ Dissimilarlty is measured by comparing ‘the number of

f ~
-t

tests present in OTU X but absent in OTU Y .(B), with the
- { number of tests present in OTU Y that are absent in OTU X

(C), over the number of tests-(Wishart 1978). DiSSLmilarlty

v

A . is a d1stance measure and may be compﬁted in several

- different ways. Eucliqean d%stance 18 used in this study;

n

and is expressed as:

. dX,Y) =B+ C/A+B+C+D .,
. e . . . e . \

| o HF' - Ball, GrHTTY66. A comparieon of gome cluster seeking "
' ' techniques. Stanford Res. Inet ,Calif. ‘ :

Ll

B
¥

L‘ ' ' ' . ' i ' " . . toa
5 . . . . .
w3, . . A 1- [N s Cgr .
PALAER B ) 1 v ] P . :t ’ . . ! . s
1 “ , A . . R | H . t ot v
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1

o ' / :
where d is the distance between OTU X and Y. This/;easure

is based on the Pythagorean geometry and therefore conforms
to the following conditions: . )

»

r
s

1) d, ¥)> 07 d(X,Y)=0 then X=Y . o
1) a(x, ¥)=d (¥,X) ‘

4id) am,m + A, > a0,y ‘

N
e

where Z refers to OTU z (Sneath and Sokal, 1973).

Once ieasures of similarity or dissimilarity are’

'determined, strains with "like' qualities can be grouped -

togetner using qlustering techniques. The object of clusEer

[ IR

- analyses is to reorganize OTU with similar characteristics. s
. . 4 .o ) .
so that they have a high degree of association with one d

1.4 P ,"—_ s .
another, while OTU with dissimilar characteristics have'a'

low degree of association. Clustefing of OTU can, be dene in

a number of ways and is dependent on the similatity or » '

dissimilarity value used. Each technique-defines distance-

rity between-OTU andsgroups of OTU in.a .~

° Y]

different u y. A . ‘

Hierarchical clustering is most commonly used in'
numerical taxonomy and consists of twp methods: "
agglomerative and divisive. Agglomerative techniques
perform //series of successive fusions of N entities into
groups. That is, this method reduces data tﬁ’h single .

cluster containing all entities.’ DivisiVe methods =

(/-‘)-

wat
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partitions the entire set of data into N groups each

- containing a single entity (Egeri?t, 1980). -

: , : 3
In this study several agglomerative methods were used,

_namely: single linkage, average linkage and Ward's method.

Slngle linkage or nearest neighbour can be used for both
simtlarity and dissimilarity measures. Groups initially
consistrng of single,rnd1v1duals are fused acc?rdlng to the

distance or simrlarlty between nearest members. ‘Groups with

the smallest distance or h1ghest similarity are fustd and as

)

.a consequence. this decreases the number Jof existing,groups.
The disadvantage of -this method is the tehdency to E"ain OTU

together rather than inltiate\new clusters (EVeritt, 1980). ’

b

—Average 1inkage degines the distance or srmllarity _among

)

. . ' .
Y . . - 1

groups as the\average of the drstances between all pairs of .

. OTU in the group and fuses those having simllar values, &

method described by Ward'sfjl963) utillzes Euclidean
- ¥
"distance values and clusters OTU so that the nucleus of each

‘cluster represents an OTU common to all other stra:rns-w:.thi'nr

the cluster. At eich step of the analysis, union cf every

possible pair of clusters 1s considered and'the two clusters

’

whose fusion results in the minimlumdlncrease in the errors

L)
- —

Sum of squares are comblned.
,.Relocate cluatering is defined by Everltt -(1980), as’ a

divisive form of hierarthral clustering. Initially all

"atrains are assigned to one of the N clusters (depend}ng on

‘ghe orderﬂinAthe,data matrix).‘“anh strain ls then compared

-
D

4.

\
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to other strains within its assigned cluster. If a strain\
becomes more similar to another cluster during a relocate .
scan, the strain is'transfsrred and sn iteration takes
place. ‘ihst is, the entire'cluster is re-evaluated until
all clusters become stable‘rW1shart, 1980) . -

DenSity search clustering is used with. Similarity .
values.. fgﬁs method calculates the density of space 1n the

; .

immediate vicinity of each individual. Small density values

represent‘:sﬁ;ons of high density and vice versa.

IndiViduals are sorted so that the least dense values become

- the first clustef\nuclei. During each cycle the radius of

the cluster surrounding the nucleus is_increased to'the next

density value. If the new density value exceeds the radius .
distance, a new ciggter‘is.initated. However, -if the value ?
is within the radius distance, the strain joins the cluster.

LA _ i
If the strain is within the radius distance of several .

-

clusters, all clusters join to becomhe one (Wishart,.1§801.
. Most cluster?analyses can be represented in the form of
WO dimensional diagrams which illustrate the fusion or

division which has occurred during various stages of the
P

analysis. These are known as dendrograms (Everitt, 1980). N

Computerized output showing characteristics of the clusters o

’

at different levels of similarity or dissimilarity also
assist in the interpfetation of'dendrograms." Ideally the

investigator should designate groups’ of OTU as clusters at a

)

similarity or dissimilarity level which best separates
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groups of OTU on the basis of unique characteristics
posessed by grohps. This similarity or disaimilar;ty value :
is mede‘at the discretion bf tpe investigatdr. e
Several clustering analyses should be performed in
order to access the robustness of the clusters. It is an
indication of a robust classification if a similar
clasei@}éﬁtion scheme is achieved using several different
methods (Wishart,1978). OTU which do not group with similar
OTU using different\nﬁmerical anelyses.should be regarded as
;outlieré or vagrant OTU. In generalr‘theseAOTU are members
group which is poorly represented in the data matrlx.

Vagrant OTU may also be a indication of incorrect or

1nsuffic1ent characterlzatlon (Everitt, 1980).

L]

4; Objectives of the present study

The focus of tﬁis study was to characterize bacteria
from the water of the Northwest Atlantic Ocean near
Newfoundland and determine characteristics of representative.
groups using ﬁumerical taxonomic techniques. It was of
interest to determine similarities and diQferences between
pelagic bacteria isolatec from the open water and'epibenthic
bacteria.isolated from the sediment. 1£ was also of
interest to compare key representative strains from the
* study of Hollohan:(l982), to determine if celagic and
epibenthic strains were eimrlar‘ro those isolated previously

"
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from the seaweed Alaria gsculepta and tiu: giant scallop

b
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Materials and Methods

1. Media used to isolate and maintain the strains.

Natural seawater and artifical seawater media were used
in this study. Also,.complex and defined media Qere~
prepared.

'Tﬁe bacteria were isolated using a complex natural
seawater medium described by Gow and Mills (1984). It
contained yeast-extract (1% wg/voll, protgose-pgptgng no.3:
(Difcé):(l%'wt/vol) and 75% natural aged seawater. The )

meaium'was solidified with Oxoid tecﬁnical,gradelaéar.no, 3!

|
i

added at'l.i& (wt/vol). This medium was called YEPN medium.

Some medisﬁwere prepared with buffered artifical
seawater (BASW). The BASW was pfgéared by mixing equal
volumes of 2 cémponents that were preparég at double
strength. The‘tw;-components were an artifical .seawater o
(ASW) and a buffered salts solution (BSS). The single
strength composition of ASW was 300mM NaCl, 50mM MQQO@:7H20,:
10mM KCl and 1.0mM CaClp: 2HO. The sifgle strength .
composition of BSS was 50mM Tris(hydroxmethyl)methylamine
(Tris)-hydrochloride (ph 7.5), 1.0mM (NH,)sHPOjand 26 M.
Fe(NH4)2(SO4)2'6H20.' The BASW was devised from formuiae by
Baumann et al. (1971) and Gow ek al., (1973). '

A {eaat-extfact, protéose peptone medium similar to

YEPN was prepared by substituting BASW for the 75% natural
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seawater. - This medium was designLted YEPA.

Luminescence medium (LM) was used to maintain some of .

"the cultures. It consisted of 5% (wt/vol) yeast-extract, 5%

(wt/vol) Bacto~Tryptone (Difco), 0.3% (vol/vol) glycerol,

0.1% (wt/vol) CaC03and 1.2% technicéi grade agar in BASW.

This medium was similar to one described by Baumann and:

Baumann, 1981).

Another medlum that was used to maintain cultures‘waa a

‘modlfled Lib X medium (MLX) (Grlfflths et al., 1%74). This

medium consisted of l% (wt/vol) Trypticase (BBL), 1%
(wt/vol) yeast-éxtract,,0.03% (wt/vol) sodium dit;ate, 0;03i
(wt/vol) sodium glutamate, 0.005% (wt/vol) NaNO}and 0.001% -

Fe(NH#) (804)2'6H 0). Thesq;ingrediehts wete added to ag F
75% (vol/vol) natural seawater buffered with 50mM Tris (i'
7.5). This medfum was solidified with 1.2% technica; gréae
agar. ‘

All of the above media were sterilized‘by autoclaving

at 121 deg'C for 15 minutes.

" - ——

2, Isolation of the strains.
The first isolation was made from Conception Bay,
Newfoundland, Canada (1apitude 47034,4'N, longitude ‘.
‘ 53°1.5'W) in November, 1982. Samples were taken in the
vicinity of a station (Fig. 1) named station C (Powell,

1980). The station was near the east side of Kelly's island
q h > .



K

n

?jgyré 1. éite»of‘firéfzand:éecona isolation taken
in-ﬁovember,.lQBé and June,'1983. Shown
is the pfbvince'Qf_Newfoundland, Canada
and:thg appr;xiﬁaté location of SFation c

in Conception Bay. ’
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in a region with éediment(on the seabed., Samples were taken
from open.water (pelagié) and from the surface of the
sedihenf (epibenthic). A second isolation from the pelagic
zqgg/was“ﬁad; in June, 1983.

One litre water-samples were collected aseptically at
20 and 60 m. A Johnson¥§obell (J-Z) wategréamplgr (Zobell,
1941) was used to collect pelagic samples from the water
column. A. 250 ml core saﬁélé of sediment was taken at a

depth of approximately 61 m. A K.B. design core sampler

(WILDCO INSTRUMENTS, Michigan) (fitted with a sterile plastic,

- core tube was used to céllgct sediment°frpm~whiChran .

epibenthic sample was obtained.

Once the samples were collected they were'étored in
[ o ‘

seawater and ice until thex Qere processed in the
laboratory. The time that elapsed between collection and

plating of the samples was less than 6 hr. For pelagic

‘aamples, individual colonies were obtained by the spin-plate

tgchnique. "A recent description of this technique was given’
by Gow and Mills (1984). Ten plates of YEPN medium per
sample weke inoculatha. ﬁhg epibenthic bacteria were
obtained from sediment contéined in the‘sterilé plastic
cylinder gf the core sampler. The~t6p centimeter of
seéiment was remoyed asepticaliy and 1 g wet weight was

added to a 99ml dilution blank. This was serially diluted

spin-plate tethnique. -The dilution blanks contained 75%
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natural seawater.

To obtain the dry weight of the sediméﬂt. subsamples

were dried at 105 deg C in tared weighing véssels until

constant weight was achieved.

‘fﬁll plates‘were incubated at 15 deg C and observed for

A}

| .
growth at two weeK intervals for a total of 6 weeks.

Colonies with a diameter of lmm or gre
from the epibenthic reglon were numbered an

strains were picked by using a table of ran

. Simllarity colonies derived from the pelagi

diameter of lmm or greater when picked. Th

-

suﬁcultured onto MLX medium and incubated f
deg‘c. Cultures were checked for purity by

and then were routinely transferred on eith

ter and derived
;epresentativé
om .numbers.
régions-had a
colonies were
r 2 weeks at 15
streak-plating

r MLX medium or

LM medium. Sets of stock cultures were maintained on YEPA '

slants. After good growth was obtaine8 tubes were filled

with sterile mineral.oil' until the sloped portion was

4

covered. This increased the stgrage life o
cultureg.

[ 4
3.,Binary characterization tests.

\
Most characterization tests'were done
procedures described in Hollohan (1982). T
were essentially unchanged .are mentioned br

which were revised or modified are mentione

F—

1
+
Y
f

f the stock

following
hose tests which
iefly, but tests

d in greater
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detail. Procedures for many of the tests can also be found

" in Coiwell and Wiebe (1970), Baumann and Baumann (198l1) and

the Manual of Methods of General Bacteriology 1Gerhardt,
1981). For those tests. that required incubation, 20 deg C |
was used unless othercise specified.
" a) Gram reaction. The’gram reaction wée determined using. s
the method suggested by Skerman (1967) and verified by the ™
non-staining KOH téthnique (Buck, 1982). t

b) Motility.‘ Twenty-four to forty-elght hour LM broth

cultures were examined by phase contrast optical microscopy.

~Motility was considered posit1ve only if undisputable

movement was observed (Colwell and Wiebe,1970).

c) Leifson -MOF (oxidation-fermentation) test. Bacto-MFO
medium subplemented Qith'a.d% mémbrane Sterilized glucose.’
was use to differenriate~oridative'ena fermentative
bacteria. Eermentetion was deterﬁined usiﬁg MFO medium
overlaid with sterile'minerel oil. = Fermentative bacteria
produced acid in rhe-anéerobic test tubes while oxidative -
bacteria produced acid only in-the aerobic‘test rubes;

Bacteria which did not produce acid in either test tube were

considered MFO negative (Leifson, 1963).

d) Oxidase test. Several drops of freshly prepared

ascorbic acid were added to a sheet of Whatman's filter
paper. A thick‘inoculum was obtained using a sterile cotton

ewab, and.dabbed on the soaked filter paper. The

n
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de;elopment of a blue-purple colour within 60 seconds *,
,indic;ted a positive test (Chruckshank et al., 1975).

e) Arginine dihydrolase. BASW lacking TRIS-ﬁCl }ph 7.5)
was prepared with the addition of 1.0% (wt/vol) L-arginine,
0.1% (wt/vol) proteose peptone No. 3, 10 mg/1 phenol red
and 0.2% (wt/vol) technical agar. A control medium was also
prepared which consisted of all the above with the exception
of L-arginine. The tubes were‘incubated ané.overlaid with
- stérile minerai’oil. Cultures wére inocubated,fopr to seven
days. A positive reacﬁidq was noted by ‘a difference ;h
colour . due to an increase in alkaiinitylin the L-arginineﬂ‘
tubés fBaumann and Baumann; 1981). | |

£) Denitrification.~—Denitrificaéién‘med%um consiséed of
BASW suppiemented with an additional 0.6% -(wt/vol) TgIS-(pH
7.5), 0.5% (wt/vol) yedst extract (Difco), 0.1% (wt/vol)
-;odium succinate, 0.1% (wt/vol) sodium aéétate, 0.13, |
(wt/vol) sodium lactate, 0.2%. (wt/vol) technical agar. No.3
and 0.3% (wt/vol) NaNOB. The cultures were first inéculated
in denitrification mediuim and incubated for 48 to 72 hours.
Then they were'transﬁérred to new denitrification medium and
overlaid with mineral oil. Growth was'obsefved for 2 weeks.
A test was considered positive it gas was produced;(Bauhann
and Baumann, 1981y,

g) Sodium-ion reqﬁi?ément. Sodium-ion requirement was

determined using sodium-free BASW-supplementqd with 1:0%

(wt/vol) glucose épd 1.0% (wt/vol) glutamic acid in'free

S -, N
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acid form. This medium was adjusted to ph 7.5 with NH3OH

instead of NaOH. —Cultures were. first suspenaed in BASW

a

‘lacking NaCl ahaathen resuspended in sodium-free me dium
containing 1% (wt/vol) Oxoid purified agar. A similar

medium but containing sodium-ions, was inoculated as a

control. Both sodium and sodium-free media were autoclayed

and c¢odled before the addition of membrane-sterilized
. !
galactose solution. After inoculation, sodium‘and-

sodium-free medié were incubatéd for 1 week and ‘observed forlf‘

1 i £

 m———
V- .

the presence or absence of growth. + ' i L

e § .

h) quwthjtemperatureé. Straiﬁs were suspended in tgst”

- . L ¢ R P
tubes containing YEPA broth and incubated in circulating
¥ . -
water~baths at 5 ,35 and 40 deg ' C. Any visible growth
obéerved in three weeks was-considered ﬁos}tive. Controls

R

were .incubated at 20 degQC to ensure viability of the
strains during the test period. /
i) Nutritional screening. The following comg9uﬁdstere
tested as sole gsources of carbon: (alcoho}sfpethanol. '
isopropanol, n-bgtanoi: propanoli e;ythridiolf.nfmanniﬁo£;

adonitol , D-sorbitol, ﬁegptinbsitol, glycerolél‘(amino

acids) glycine, Lwalagigg' Qﬁflanine, B-alanine, L-serine,
v - -3 . ) )

itnithine, DL-aspartate, L-lysine, L-afginine.
DL- -ain:lno-butyrate, c(—aminovaletate, &-—aminoya_lerate,
n-acetylglucosamine, L-glutamate, DL-citfulline;

(carbohydrates) D-ribose, L—arabindae, D-xylose, .

A
» . \...—--.0_ . . P

L-theorine, L-leucine, L-isoleucine, DL-norleucine, valine,

-

poered

-

/

P

FEES S
;
:
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D-trehalose, D-cellobiose, D-fucose, D-galactose, D-glucose,

"

D-melibiose, cellulose, D—fructose, D-mannose, lactose,
maltose, sucrose, L-rhamnose, salicinJ D-glpcurinﬁte, %) s
D—galacturonate. gluconate, mucate, inulxn, D—saccharate;
(carboxylic acxds) _acetate, isobuty:ate, proptionate, 5-;

‘ butyrate, 1sovaler$te, pelargonate, heptanoate, v -

& *

glycocholate, {” —amino butyrate, valerate, oxalate,
3 S
malonate, formate, plmelate suberate, succinate, adipate,

. azelate, sebacate, maleate, fumerate, D L-mala%p, L—malate4

e

DL-glycex:ate, DL-lactate, DL-& —hydroxybutyrate,

DL-tartrate, L-tartrabaq meso—tartrate,}glyé%late. citrate. |
A - ketoglutarate,“pyruvate7 1taconate, aconitate; (other
amino aC1ds and related compounds) L—histrdine, L—proline,-
'L-tyrosine, kynurenate, L-phenyalanlne, thryptophaq,

( .
p-amlnobenzoate, putrescine, DL-kynutenate, ethanolamine,

'D-tryptophan, benzylamln;, (non-nitrOgenous aromatic and
other cyclic compounds) D-mandelate, L—mandelate, benzoate,
m—hydrobenzqate, phthalate, quinaEg, p—hydrobenzoatﬁt

(other nitrogenous éompounds)tbetaihe, saté§sine, creatine, .
h;ppuratq,fniACinamide) nicotinate,.allqntoin and a&enipe.

. The carhon souf@és'&eie stefiliied gither.Py.
‘; autoclaving ofmby‘membrane fiitration.’ The appropiate ‘
méthoé for &ach compound wgi'giVen'by Ho};ohan (1982) and
Palleroni and Doudoroff (1972). ‘Carbohydrates were p:Spareq .
-at 0.2% (wt/vol) in BASW with 1% Oxoid purified aéar. \

Carbon sources were tested at 0.1% w/v in BASW with 1%
. . . -‘ . ’



DTN

- T -28~
C?urified agar. Acidic or basic carbon sources were adjusted
to éH.?.S. Strains were cultured for 24 to 48h on LM agar ;
prior to screening to ensure good growth. Strains were then “

[~

added to BASW until a light turbidy was detected. These'

" suspen8ions were then used as inocula. Media were

[ s
inoculated with.a multip01nt inoculator (Lovelace and

Colwell, 1968) used with a. multiwell ‘tissue culture plate R
(Becton Dickinson and Co., Ca.). The well Capacity was_ 2. 8
ml. and the media’ to ‘be indﬁulated -had béen pouréd into 100 x

100 x 15 mm square’ petri diahes. A gontrol consisting of . 1;1
MLX agar ensured viability of the strains. Anothet control -

consisted of BASW agar without a carbon source;\ This latter

control was used to determine the amount of growth that *

occurred in the absenCe of nutrients.= ' ‘ g\
3) Voges-Proskauer {VP) - test. VP test was done by the

method of Blazevic and Ederer .(1975] uaing BASW instead of

distilled water to prepare the medium. ] ’

L]

k) Fluorescence. Fluogescence activity was observed by . —

growing the strain in MLX medium. The cultures were = '/fﬁxfﬁ\\

) ..'examined in normal day-light for the‘$roduction of . -

fluorescence. -

»

1) Extracellular enzymes. All exoenzyme tests were
conducted using the multipoint inoculum method (LQvelace anq.
Colwell,. 1968). Amylase, gelatinas&% lipase and cellulase
/activity were determined using YEPA medium supplemenged with 'C,«Q
0.28 (wt/vol) starch, 2.08- (wt/vol) gelatin, 1.08 (vol/vol) ..°

t
[]

' ' ¢
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tween(BO or 1.0% (wt/vel) sod{uﬁ-carboxymethyl-cellglose
respectively. Alglnase testing was done by.overlying YEPA
) agar with YEPA AGAR plus 2.0%8 (wt/vol) soqium alginate.
Laminarinase was prepared by spreading a thin layer of-4%
(wt/vol) laminarin (Sigma)‘o;ér-a base of YEPA agar. Chitin.
medium was prepared by overlawing YEPA agar with YEPA agar
supplemented with an-additional 0.25% (wt/vol) yeest extract

[ 4

and 0.5% (wt/vol) colloidal chitin. ,
" After 48 hours the starch plates were fioodeaiLith
Lugol 8 iodine solutlon. A positive am§ﬁase test. was shown -
'by;tﬁe productlon of a clear zone Burroundxng the inoculum
. point. Gelatinase and cellulase vwere a;so tested after 48
hours. Celat;n plates were flooded with 308 trichloroacetic
acid. A zone of ciearing indicated positive gelatinase
activity. Ce&lulose plates were first fleoded with. 1 mg/ml
Congo red in dlStllled water (15 min), followed™by 1M. NaCl
(15 min). A clear zone 1ndicated cellulase activity. -
‘Alginase, chftinase, and laminarinase activities were noted
by a clear zone surrpunding the inoculum point. Agarése‘
actlvity was noted by a prominent .depression in-the agar.
Most of the above .procedures have been described by Baumann
and Baumann (1981). The test for cellulase was described by

Teather and WOOJ (1982). . - -

‘ o\

l’: “
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4. Plagella staining.
AY

Flagelia staining was best achieved using the Leifson
sta}ning technique (Gerhardt,198l). Cells were s;ohly
shaken in MLX broth for 24-72 hours. Then 2 to 5 mf/;f
inoculated broth were added to-10% (vol/vol) aqueous
formalin until a faint turbidity was detected. Several ml
of this suséension were very'caréfully pourea over an
acid-cleaned slide tllted at approxlmately a 45 deg angle.
After air drying, the slide was marked around the borders
with a wax pencil.‘ Approximately 1 ml of dye solution was
added for 7 -to 10 minutes and then floatedhoff Qith tap
water. The'flagella and cells, which stained red, were

examined by light microscopy.

-

v
5. Poly-&-hydroxybutyrié acid accrxmula'tion.
: .
Strains were ~grown on médium consistihg,of BASW with
0.02% (wt/vol) {(NH,) 2SO4and 0.04% (wt/vol)
DL1£ -hydroxybutyric acid for 48 to 72 hours. The isolation
* ~ and estimation of PHB was done by the method describéd by
ﬁSlepecky and Law (1960). A 2-m1 portion of e;ch culture was
added to 8 ml of 5% hypochlorite (bleach) . After 24 hours,
the strains were centrifuged (10,000 X g) 'for approximately -
20 minutes. The supernatant was caréfuf&y discarde: and the
!

cells were purified by a series of suspensibnh,aﬂd ' ..

centrifugations using distilled watel" acetone (2 times) T
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and diethxl ether (2 times). After drying for 24 h, the

+ cells were dissolved in 2 ml'H2504 while heated in boiling
waeer for\lo min. A positive test for '

' poly-Q -hydroxybutyriec acid accumulation was determined by

observing "an absorption peak at 235 nm due to the presence

of crontonic acid.

6. AnOmatic ring cleavage.
N
Strains were growﬁ.in 250-ml mediE’consisting of either
0.1% (wt/vol) p-hydroxybenzoate or, 0.1% (wt/vol) quinate or
0.15% (wt/vol) sodium benzoate for 48 to 72 hours. _
Bacterial cells were harveseed by centrifugation (15,000 X g
for. 10 minutea).. A suspernision was made in 2 ml -of 6.2M Tris
‘buffer (pH 8.0) and tge cells wvere gently shakeﬁf/ Then«0.5
ml toluene and 3.5 mg of pxotocateggoic acid wkre carefollf
Qe vhile the cells were lightly Shaken at 30 deg C. The
productlon of a yellow colour within several minutes was a
positive tes% for meta cleavage. Excessively hard shaking
could have resulted in a negative meta cleavage result. If
a yellow colour‘was not apparent, the suspension was lightly
shaken for 1 h aJS checkpd again. One gram (NH4) SO4and 1
drop of sodium nltroferricyanide was added, followed by 0.5
- ml ammonia solution (28—303). _The,pzoduction of a vivid

purple colour was considered positive for ortho cleavage

(Gerhardt,1981).
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7. Numerical taxonomy.

Each strain was regarded as an operational taxonomic
Unit- (OTU). Eight replicates were used as controls during
the collection of binary data. This was done to ensure good
agreement of characterization tests as suggested by Sneath
and Johnsor (1972).; Numerlcal classification 'was done by

the recommended procedure by Wishart (1978) using the

CLUSTAN analyeiS'peckage implemented on Digital Equipment
.Corp. Vax 11/780 computer. A binary data sgét was created.
Binary data was coded 'Of for negati%e cher cters'and.'l'

‘ for positive characters. Euclidean distandge was computed,

and Ward's clustering method was used to group up to 10
clusters. Results of these analyses ;ere presented in the )
form of dendrograms. Relocate clustering was computed u31n%_{
several random clﬁiters. Simple matchlng coeff1c1ent was
'useﬁiwith densaty clustering to give estimates of modes in
the sample. Jaccard coefficient with everage linkage
clustering was also used. |

Once'clueters were determined, charecteristicenof the
clusters were investiga . Binarf frequency scores, which
represent the.frequengyjzi a test in the clueter over . the |
frequency of the ' test in all other oTU, were multiplied by
the product of the frequency of the test in the clUstet over

the number of OTU in the cluster. This value, known as .the

- scaled score, was divided by the maximum value of the test
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assuming it was ideally 100% unique to the clﬁster. This
computation gave the scaled score of the maximum value which
was considered unique if a value was greater or equal to
208. In this study, séaled score of the maximum value is p.
simplifige discriminant wvalue thatlident{(ies test {s) which
are unique to a cluster. ’

]

8. Type cultures and,reference strains.

A list of typg culfutes and reference strains is'giuéh
in Tablefl. Type cuitures wefg‘obtaiped from the Ameiican -
Type Culhure Collection, Rockvillé, Maryland. The C -
apprdpriate American Type Culture Collection (ATCC) num%ers
&re given. To aid\l'n the identifj.gation of ﬁlagic and
epibenthic strains, 32 additional type strains were iqciuded
}Table 2). Some reference strains described by gollohan
}1982) were also used in this study. The generic
designaﬁioniand the number assigned to thé s;rain by . -
Hollohan (19&2) is giJ;n in Table 3. Theéz‘cultures wé?e

e’ . '

- used either in numerical analyses or as positive and

- negative controls in characterigétion tests.

9. Electron microscopy. ) /ﬁ;;fr//,

Represeﬁtative strains werefsuépended in ‘MLX broth and

lightly shaken for 8 to 12 hours. Approximately 10 ml

-

]



-34-

- Table 1. Type cultures of marine bacteria from the American
, Type Culture Collection (ATCC) , Rockville, Maryland,
included as control cultures.

Type culture ATCC#
" Algeromonas undina - -~ a0660
Alteromonas espejiana 29659
Vibrio vulnificus 27562
Vibrio splendidus 25914 ;
Alteromonas macleodi 27126
! " Photobacterium angistun | 25915 o
* Alcaligenes aguamarinus 14400 ’
Deleya venusta ' 27125
\ Smonzs nautica ‘ 27132 ] "
WAW 11040 ’ .
: s Oceanospirillun commune . - 27118 v
) Qceariospirillun yagum 27110
Deleya cupida S " 27124
= Peeudomonas doudoroffii 27123
— peendononas f£luorescens E13043 ‘
" Deleya marina 25374 .
4 *
‘ =
* -
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Table 2: Type and reference cultures used to identify OTU.
The American Type Culture Collection (ATCC)
-number or Laboratory Centre for'Disease Control
(LDC) number, species, and Opergﬁyonal

Taxonomic Unit (OTU) designatio

are given.

ATCC Number Name OoTU
7744 Vibrio fischeri 7744
E14048 Vibrio natriegepnes E14048
17749 Vibrio alginolyticns 17749
17802 Vibrio parahemolyticus 17802
E19264 Vibrio anguillarum E19264

- 25916 - Vibrio pelagius 25916
25917 . Vibrio nereis - 25919
25919 Vibrio barfveyi = 25919

. 25920 Vibrio campbellii . 25920
. 27043 Vibrio nigrapulchritudo 27043
33125 Vibrio proteolyticus - 33125
33466 Vibrio diazotrophicus 33466
29570 Vibrjo gazogenes 29570
14393 . Alteromonas haloplanktis 14343
27135 Qceanosprillum jannaschii 27135
27120 Group Bxl Baumann 27120
27128 Alteromonas aestus 27128
8017 Alteromonas putrefaciens 8017
33492 Alteromonas luteovidlagea 33492
29988 Alteromonas rubra 29988
27130 Pseudomonas ‘stanieri 27130
27133 Oceanosprillum kriegii 27133
27121 Group B-2 Baumann 27121
29985 logei 29985
LDC Number Name ~ 0oTU
7588 Vibrio damsela LDC7588
7588~ Vibrio damsela LDC2588
75 Vibrio hollisae LDC75
9012. Vibrio ordallii LDC9012
9013 Vibrio costicola LDC9013 R
9067 Vibrio alonsais LDC9067
9555 Vibrio fluvialis LDC9555:
9578 Vibrio metschanikovii LDC9578 |
* : number assigned in this study. .

~ : -replicate. e

*

e

-,.-v-’.
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.
Table .3: Reference Cultures described by Hollohan (1982)
o % that were included in this study.
- original source of the OTU, -MFO reaction and
: OTU designation used in this study.
N Hollohan (1982)  _— e Mo,
c number Source MFO reaction
OTU 44 Alaria esculenta fermentative
OTU 21 Alaria esculenta fermentative
OTU 93 PRlacopecten ‘magellanicus  fermentative
\,, " OTU 99 Placopecten magellanicus fermentative
- OTU 115 Placopecten magellanicus  fermentative
: ‘ OTU 18 Alaria esculenta- - fermentative* -
: : yZa
oTU 117 magellanicus oxidative
OTU 121 : magellanicus oxidative
OTU 67 Alaria oxidative
. OTU 133 Alaria w - oxidative
—'——a———-—--——-———————-‘-—\- ———————————— e e ot o e e e e e ey s St B B v e D G Gy e et S
» ~ : number assigned in this study.

—\
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aliquots of suspension were transferred to t#st tubes

containing 0.1 ml of 378 formaldehyde (adjusked to pH 7.5) \\.

anéuzentrifuged at 3,000 X g for 10 minuﬁes.f The ! * )

supernatant was discarded carefully and the Eeils were

suspended in 10 ml of distilled Qater and thien centrifuged

two more times. After the last centrifugahion, the cells

were suspended in 1 mi:d' tilled water. ":&
This éuspensibn gas negatively stained with urényl

acetate which were'added at a 1:1 ratio. One déopiof this

mixture was placed on a 200 mesh size carbon Fofmvar_cbgted

L_/’édﬁper grid for 1 minute. After drying the |grid was

examined ué}ng a Zeiss EM 9 A electron micrgscope. '

%
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RESUL&S
l. Isolation of strf}ng& | N
The numbers of bacteria present in the pelagic and
epibenthié zones of the water column‘are given iq Table 4.

Overall baéteria; counts were highest in the epibenthic zone

and are expressed as colony forming units (CFU) per g dry wt ., —

of sediment. -Since the number of epibenthic bacteria were

" numerous, 175 gtrains were selected for subculturing..

:mbrtaiity. In totai 36 out of the 175 straiﬁélfrom the

__In general, the numbér of colony forming units per ml was

5

fﬁubculture occurred over a period of several months.

However, many .of these strains were difficult to maintain

and, over é,peri;!rof several months, thére-qu ca. 73%

. © .
epibenthic zone were successfully cultivated. Because the~
number of colonies per ml seawater from the pelagic #one was
low, it wa; q?cidea to isolate all of the strains §£3m~a 1
ml.sample from'each of.two depths. Mortality was again high

and only 28 pelagic strains were cultivated successfully

¢
from the November sample. Again, the loss of strains on

Because oﬁly 64 strains were succeaéfUl}l,cultivated .

|

from ‘the sample taken_ in November, it was decided to obtain
additional samples and a second set was collected in June;

+

1983. The epibenthic zone was not.sampled on this occasion.

: . JR
higher during the June isola!&on than in November. However,
the number of strains successfully cultivated was still low.

This timgpa total) of 27 strains out oE;174'found fh 2 ml
*

-

e . :
;"“ e : . .
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Table 4: Number of colony forming units (CFU) in the
pelagic and epibenthic zones.
strains initially 'subcultured (S) and the -
number successfully cultivated(¢) are given.

The number of

»
- JONE
B e ot e et s e o o e e e o —— e . ol
TIME OF _# PELAGIC EPIBENTHIC
SAMPLING
20m 60m 6lm
CFU/ml § ¢ CFU/mL S C CFu/g" S C
Nov., 1982 37 ° 37 10 = 22 22 18 1804 175 36
(1st isolation) N
June, 1983 100 100 .3 74 74 24 - - -

(2nd isolation)

— —— — —— — - — — — — — — — TP G e e B e e S s S S S S — - W Ry o ———

grams (dry weight).
not sampled. ,
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seawater was successfully maintained &n subculturing.

&~
Therefore, the total number of skrains or operational
‘ \

taxdnomic units (OTU) isolateqlfrom ﬂhe pelagic and
epibenthic zohes of the watgf'co%umnlwas 91. Of these, 28
were -igolated from the pelagic zone in NogemSer. 1982, 36
were isolated from the epibenthic zowe in .November, 1982 and
27 were isolated from thé pelagic zoJe in Jpne, 1983.

Additional type cultures were added t¥ make 116 OTOU. 4 -

L I g
v

2. General characterization of the OTU.
. : .

] r — .

All OTU were gram negative, catalase positive, and -

unable to produce argininé dehydrolase: .No OTU were able to.
. | T /7 :
utilize d-aminovalerate or DL- A -=aminobutyrate as sole '

sources of.carbon. With the exception of type and reference»

*

strgﬁné'no OTU were able to accumulate PHB as ‘an

intraqe%luggr reserve product. All OTU gave a negative

* Voges-Proskauer reaction.
Not all the OTU were motile but,"of those that wete,

all had polaf‘fiagella. Examples of flagéllated OTU are

!
gtven in Figs. 2a’% 2b and 3. Fig. 2a shoys a peritrichous

type of flageilation (Alcaligenes aqnamaninua), and Fig; 2b,
a polarly flagellated organism (OTU 27) f#om this region.
Both were stained by the Leifsqn's methodL An example of'é

polarly flagellated organism (OTU 100) whiich was determined
by transmigsion electron microscopy is given in Fig. 3.
N #“ < (N )

o

« .

[ RN
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Pigure 2a. Peritrichous flagellation ‘of type culture )
. . Alcaligepes aguamarinus stained using
s ° : S v ’
Leifson's staining technique. v
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_ Figure ZH' An example of polarly flagellated organism
(0TU 27) stained by Leifson s.staining

technlque.
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-

, o
Figure 3. Electron micrograph showing OTU 100 with -

-two polar flagella. These flagella may- be -
distinguished by viewing this photography

~

under a steroscope (12,000 X).

I

i g
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In order to determine if strains from thé pelagic zones

and the epibenthic zones would be different based on

~ physiological and biochemical properties, a data matrix was

constructed which consisted of 115 OTU and 135 binary
characters. The 115 OTU consisted of 91 pelagic and
epibenthic strains, 16 type strainéﬂgnd 8 replicates.
Replicates were used as a chec} for assesging accuracy. A
list of the 115 OTU is given in Table 1, Appendix A. A list
of the 135 binary tesos oséd in the numerical—analypio—of
tﬁgxiig;OTU is given in Table 2, Appendix A. . The results }J
obﬁoined foi’every OTU'sco;ed as- binary characters, are '
given in Table 3, Appendix A.  The déta'wore analysed oy
Euclidean dlstance and Ward's clusterlng method the
dendrogram shown in Flg. 4. At a dissimilarity value of
0,§96, there were ten clusters by Euclidean distance and
Ward's clustering.method (Fig. 5). A summary of properties
common to eéch cluster is given in Table 5. With tpe
exception‘of 3 QTU in clustoE A, pelagic OTU from the
November isolation were found. only in clusters B, C and D.
OTU from the June.pelagic sample grouped in éluste:; A, I

and J with the majofity~occu ing in cluster A. Ep#benthic
OTU occurred in all clusters;g}bh the exception of cluéters |

I, H and J although the\higority were found in clusters G

and E. Only epibenthic OTU were found in clusters G, E, and

F. Overall, the maJority of OTU from the pelagic OTU . f

clustered geparately as did epibenthicﬁOTU. The majoritY‘of'

+

8



Figure

*

4. Dendrogram obtained using 135 binary tests,
’ * N

115 OTU, Euclidean distaaﬁe coefficient'and

‘Ward's clustefing méthod. The Y-axis gives the

dissimilarity at which OTU and clusters of OTU

merge.' ‘ \
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Figure 5. An abbreviat';a version of a dendLgrv obtained
using 135 binary tests, 115 OTU; Euclidean
.distance coefficient and Ward¥s clustering method.
. . Ten clusters were qbtained‘aé a dissimilarity value
ca. 0.6. Numbers below cluster 1ettéfing
indicates pﬁmbgr of OTﬁ associated with clugéer.
The Y-axis giveé the dissiﬁilarity.vhlues at

which OTU and clusters of OTU merge.

e
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Table 5. Relationship between zone of isolation, Leifson's
(ofidation-fermentation) test (MFO), sodium-ion
requirement, motility and pigmentation in clusters
obtained by Euclidean distance and Ward's clusterlng

method.
CLUSTER
. ZONE OF ° : S
.~ ISOLATION ° A B . D .G C E I \ H J
« AND (26)~(12) (11) (14). (14) (10) (7) (5) " (11) (5)
CHARACTERS o
ZONE )
. * ¥
PELAGIC 3 9 7. - 1 - .- = - =
(15T ISOLATION) ' )
PELAGIC 718 - - - - - *5 - e 5
(2ND ISOLATION) . :
EPIBENTHIC 5 3 4 14 1 10 - .3 - -
(1ST ISOLATION) r .
TYPE STRAINS “- .- - - 2 - 2 2 ‘\11 -
FERMENTATIVE 16 7 9 - .13 - 5 - 2 5
OXIDATIVE * - 2 3 1 14 1 5 - s 8§ =
=a) ‘ .
NO REACTION 8 2 17 - - 5 2 - 1 -
SODIUM-ION . _
- REQUIREMENT 16 12 11 11 14 . 2 2 5 9 . -
MOTILITY 16 12 -11 14 13 2 2 4 5 5
. PIGMENT 20 - - - - 8.1 - T s
(NON-SOLUBLE) a
~ : number of OTU in cluster. a
* : no. of OTU out of the total in the cluster that were
positive.
-+t all strains in the cluster were negative.
(a) + strains that did not utilize glucose gave ho reaction in
the MFO test. ’~
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the type OTU also clustered separately. Most were found in
cluster H. There were no pelagic or epibenthic OTU in éhis
cluster. Because of the small number of pelagic OTU from
the 20 m depth, no attempt was made to differentiate between
pelagic OTU from 20 m and 60 m. For each sampling date tpe
OTU from both depths were considered the gsame in the
analysis and the term pelagic was appiied to these OTU
regardless of the aepth from which they,wefe‘isoiated.

Some key characters were examined to determine further
imformation about the clusters. .Theéé ch;racters inéludedﬁ_ e
voxidativelo; ferméntativ; metagolism as déterﬁrned by éhe '
MFO test.igghis test can yield several results. Otganiqms -
which uti;ized glucose aerobically and anaerobiqqlL1°had a
fermentative metabolism. Those -that utilized glucose
aerobically only had an oxidative metabolism. Somé
organisms were oxiaative but éid not utilize glucose. These
organisms grew on MFO med;um but‘did not show a react.ion{.'L
The 3 types of’reaction are shown in Table 5.. Also shown
are those strains that ;équired godium—ions, those that were -
motiig andAghqse for .which the colonies ﬁ;d non-soluble
pigments such as yellow }r orapge.'”THE/latter Fest
‘character was of ;nterégt because it was readily deterﬁined .
at the time of isolation of the OTU. ’ o

The following observations were ﬁadg (Table 5). .Host‘

of Chg,clust;ers ha® both oxidative and flermentative OTU

although one or the other predominated in most clusters.



-54-

-

FPermentative OTU predominated élusters A, D,“F, I and J.
These were pelagic ?TU from the first and second isolationsf
Most of the epibenthic strains, shown in cluster G, E and F,
had oxidative metabolism. One-half of the OTU in cluster E
showed no reaction in the MFO test. These were still
considered to have oxldatlve metabollsm.' Further

caléulations showed that 80% of the OTU from the pelaglc

zone were fermentative and 83% of the epibenthic strains -

r’""__’ N
were non-fermentatlye.

.
’

——n-aSeventy-seven percent of the‘OTU'required ‘sodium-ions

,.._/‘

. for groﬁth. of the—26 b?? that did not requlre sodlum-ions,

14 were from the eplbenthiCrsample taken in November, 1982

and lz.were from the pelagic zone taken in June, 1983.
!

Cluster -E, consisted -of predominately oxidative OTU that 4did

QTU that were

not require sodium-ions. Most of these were non~motile and
pigmented. Cluster I had ferﬁentetivez\

non-motile and dig not require sodium-ions ‘for growth.

?hege were pelagéc strains from the second isola;ion. {FWO
OTU in this cluster we;e type culturee‘t‘pt required
sodium-ions. .Cluster J contained 5 OTU of which none
required sodium—ipne. 'All were motile and pigmented. Of
the 10 OTU that were in cluster A and did not require
sodium-ions, one was. epibenthic, the rest were pelagic OTU

‘i.

from the second isolation. ..

Other biochemical, physiological and nutritional

characteristics of the clusters are given in Tables 6a and
-
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Table 6a: Biochemical, phfsiological and nutritional
characteristics of clusterg A, B, C,

based on Euclidean distanc

clustering mefhod.

-~

P

D and E

~and Ward's

—— e D G P TS G G e D D G G S S s e GEP TEm G S B G RS PSS S e S A A e A G S SED AN D S Gt GED G Gme Y S e e S S e

——— S G G G S G s Gt G S St G G T D Gt B G S Y S Y Y SIS A G Al TR TG TD S e (o G e G D e GER S G D R M e

ALCOHOLS

ETHANOL e
. ISOPROPANOL -
N-BUTANOL ‘ .

. ‘PROPANOL.
ERYTHRITOL - _ +
D-MANNITOL
. ADONITOL
D-SORBITOL -

*. MESO-INOSITOL
GLYCEROF,

AMINO ACIDS

GLYCINE
L-ALANINE
—ALANINE
& -ALANINE ,
L—-SERINE .
L-THEORINE
L-LEUCINE
L-ISOLEUCINE

S T

VALINE | .

DL~NORLEUCINE
L-ORNITHINE

.DL-ASPARTATE +

- L~LYSINE -
L-ARGININE
DL~ ~AMINO-BUTYRATE
- g-m: VALERATE
' 8-AMINOVALERATE

NMEHET T NNET D

[ T S I N R AR A SR B N

CLUSTER
B C
(12) {14)
-
+ 4
- 2
3 1
3 3
9 +
1 2
3 10
1 2
6 7
7 8
- 10
+ 9
2 .5
- 9
+ .4
—‘ -
+ 7
» l -
+° 5
+ 1

(s

i N4+ W

L+ V 4+ 1 I

I N+ + 4+t

1+

;i ituo4+ 1 113 &1wl + 11

N+ ++0+ 4

o — i — it g --—————--— A S IR G D G eE D G S S S G S S S S S BN S G G G G G Y S S G S DD G D N WY SRR Ve

-
1 +
0 .

11 OTU negative

-

c-

epresents the number of OTU. in,.each ¢luster
5% or more OTU positive

* : 2 OTU of the 26 OTU ha&e this character

-
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D-MANNOSE . ,
P LACTOSE. -

" D-GALACTURONATE

. PROPIONATES °
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Tableu6a continued .;.

TESY NMME . 426)  (12)

(AMINO ACIDS CONTINUED)

«N-ACETYLGLUCOSAMINE 1 1
L-GLUTAMATE 2" 4
DL-CITRULLINE - -

CARBOHYDRATES =

D-RIBOSE . %
L-ARABINOSE , -
D-XYLOSE :
D-TREHALOSE
D-CELLOBIOSE ’
D-PUCOSE .
D-GALACTOSE

- D-GLUCOSE
D-MELIBIOSE ,
'D-FRUCTOSE .- . -——

L

11T 1wl I HHEMRT T RI1O W) | w

 MALTOSE ' ,
SUCROSE . * . o,
L-RHAMNOSE -

SALIEIN :
D-GLYCURONATE

D-GLUCONATE
MUCATE .
INULIN. , ¢
D-SACCHARATE

. Pa

HEFE LT IWINNT LR+ Logsl |+

CARBOXYLIC ACIDS

R - . ' LY

i ) FATTY ACIDS

*

ACETATE !
ISOBUTYRATE, = ;

-

‘BUTYRATE = :
ISOVALERATE o
PELARGONATE oo
.HEPTANOATE - °
'GLYCOCHOLATE. ;

Y ~AMINQBUTYRATE
VALERATEY + -

'4++E'lh+?&n
. A

NN ECE IR

N

< N

(

-

R
N

)

2

apwmlndbms

°

Hi+wmig+ 1

*

NI wGn IN<Q+N+

L

CLUSTER

14)

11 *
10

-

s

L]

L

el

-

(.

(11)

------------------------- o — e —— - - - — - G D G ST D D S S S S e e i e

"

I TR e+ T+ ++ 1 +4+ 10+

6
+

—_-----‘_----"-T‘--‘L--ﬂ— ————— il e e o s G G Bt i e " oo oy

* g unfhue charactet determined by diactimatory analysis

\..g :

(10) -

1

!

o« ¥ T+ 1o+ 1 | H+Rnws+ il ++0r4
L ]

=

N

w -
. -

-%'

o

'3
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Table 6a continued ... ¢ CLUSTER i

* D \“B

-—-————-.. D G D B D S D R T Y e S s P T D SR D M T W T S I D S I I G DR s e —————o————————

ii) DICARBOXYLIC ACIDS , . s

OXALATE
&E&Wﬁ

PIMELATE
SUBERATE -
SUCCINATE
ADIPATE

'SEBACATE

it
+|9ll+hb—'ll

=N W=
+ I =Wl + 4+ 1
+1TWUI I +4+a ) !

#FUMERATE'
iii) HYDROXYACIDS

DL-MALATE
EMMWE
DL-GLYCERATE -

DL-I{ACTATE -

DL-§§ ~HYDROXYBUTYRATE
D- (=) -TARTRATE ‘
L-(+) -TARTRATE .
MESO-TARTRATE
GLYCOLATE - ~
CITRATE . - .
AL-KETOGLUTARATE
PYRUVATE :
ITACONATE
.ACONITATE

Nieswl 1 | NPTWwHLW
L+ +Wled 1"l ++HWO
+ 1 4 4+4+ 101011 +4+10%

+
NI +HFWHIHINDOWNW

MJINO ACIDS.AND RELATED COMPOUNDS .

L-HISTIDINE
{,~-PROLINE
L=TYROSINE

RY ATE ,
" _L-PHENYGAHANINE °
LrTRYPTOPHAN
P-AMINOBENZOATE

»re

t
T T A
w
1 TN &+ O

S

AUl + )+ N+ D

N+ ++~J Wk HA+~JN
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; Table 6a continued ... CLUSTER
- A * B C D . E
TEST NAME : " {26) (12)  (14) (11) (10)
(AMINO ACIDS AND RELATED COMPOUNDS CONTINUED)
PUTRESCINE - - 2 - 4
- DL—KYNURENATE - - - - 4
ETHANOLAMINE : - 1 - - 7
D-TRYPTOPRAN - - - - -
BENZ YLAMINE p - - - - -
NON—NITROGENOUS‘AROMA'TIC AND OTHER CYCLIC COMPOUNDS .
L ' - Y
. . I
D-MANDELATE - 1 - - + *
. L~MANDELATE - - - - -
. . " BENZOATE . . | - - . - - -
.. ¢ M-HYDROXYBENZOATE - 3 - - 5
L.  _‘PHTHALATE - - - - -
- QUINATE - - - - -
P-HYDROXYBENZOATE - - - - -
‘ OTHER NITROGENOUS COMPOUNDS '
. o o o ; . . -
R . BETAIN . T = e = - - 5.
, SARCOSINE - 1 - . - +*
CREATINE - - 2 < + *
HIPPURATE 1 2 ¢ 2 - -
NIACINAMIDE 1 - - - -
NICOTINATE - - - . . - - -
ALLANTOIN - - . - - -
ADENINE - - - - +
ENZYME REACTIONS T
. \ 7
. GELATIN 7. 3 + * 5 g
- ’AGARASBA§B ’ - - - - e
' .- ALGINASE L - - .- - =N
.- ._  {v.CATALASE | + + +. + + M-
< “CELLULASE 4 1 o+ 5 -
-~ CHITINASE v ] 9 * 1 4 - -
o 'LAMARINASE } . 1 - - fo- -
, AN - 1 + - 10 & +
~ E 2 2 8 4 * -
R S OXIDASE v 12 + + + 2
C R ‘ . - ; oo
\ . ' N ~
. ) . - ~y
- i L 4 -
- ) e ' , '
,if‘r-.tqk._‘ ¥ . . L 4 ':‘ ] 18 ‘ LY
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Table 6a continued ,.. * CLUSTER o
' A B c D E
TEST NAME (26) (12 (4) (11)  (10)
o ..
GROWTH TEMPERATURES
4 - ‘
GROWTH (5 deg C) + + + + 4+
GROWTH (35 deg C) + 5 713 4 +
GROWTH (A0 deg C) 5 3 /2/ 2 7
E
OTHER CHARACTERISTICS ‘
. R . "
.DENITRIFICATION L - - - -~ - s
FLUORESCENCE - - - - - _
P . W Py G p——— i o e e, > s e o e W i et e B e G TR0 D 0 A B G B, \ -_—.'......'.._L___-
H\ ‘ ' . - i
e Q . ..) =’
- e
i ' (
\
N [
. , s
/; i %
"’¢ H -
| -
3 {
v
» D ! N
“ :
. v X o
* l ’
y S L] .
S |
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" carbon were unique to this cluster.

= -60-
6b. Table 6a gives characteristics of clusterf A to E and

Table 6b gives similar imformation for clusters F to J{

-

~ Cluster A (Table 6a) contained fermentative and "
oxidative .OTU mostly from the epibenthic zone and the .
pelagic zone, second isol'ation. These OTU used_ few of the B
112 sources of carbon. None of thhe 135 binary characters \_
was unigque to the cluster. . - .

-

"Cluster B (Table 6a) contained motile, sodium-ion |
Sy

requiring strains from the first 1solation -and most of these
OTU were pelagic. Chit;na!e activ:.ty and t}xe ability to

utilize glycocholate and heptanoate as solé_‘e’ources of

!

-\,,C,l'ust:er ? (Table-Ga)_ consisted predominately'of
T

ferrﬁentétive U from the pelagic region collected in

' vaember. This clus.t’er also consisted of one’epibenthic OTU'

-~

and the type culture3° Photobacterium phgsph;_z_eum and
Al.tﬁx_czmen_a.a undipna. All OTU required sodium-ione and were
fotile. Extracellular lipase, gelatigase, cellulase and i
emylase pr.roduction were unique to this cluster. In
addition, most strains were able to utilize D-mannose ,

n-acetylglucosamine and':malt’ose‘as sole ca<bon sources.

.Cluster D (Table 6a) consisted of pelagic and

) epibenthic OTU from the first isol\ion. Seven etrains were, ,_

isolated £rom the pelagic zone and 4-yere epibenthic

strains. All 0'1‘U1were motile” and required sodium®ions for

growth. Only two OTU were oxidative, the others were
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Table 6b. Biochemical, physiological and nutritional T
characferistics of clusters I, F,«G, H and J '
based 6n Euclidean distance and Ward's
cluster)ng method.

CLUSTER

TEST NAME (7~ (5) (14) -(11) (5)

o S SR G Gmm GeP S S S S G PER gk Gy GED GRS Ghy R D G SN S G Sam Gan G W G s g G G D I G YD Sat G GRS WES SED Gt Gt OB Sen Gam EEb Gmm Gup yem —

ALCOHOLS"y : : .
'

N

ETHANOL

ISOPROPANOL -
N-BUTANOL -
PROPANQL

ERYTHRITOL
D-MANNITOL

ADONITOL '
D-SORBI

MESO- INOSITOL
§LYCEROL

*
ur

>

.7 .
-

+ W4
»
||h|H|N:)+

N+ +U++ W+
f+|+
v

R R R

*»
+ =W

t

: +a\+m'+qu | ©

aMiNo actps . ¢ ‘ | o ’

.
“
.
-

GLYCINE
L-ALANINE .
D-ALANINE
~ALANINE
L-SERINE
L-THEORINE
L“-LEUCINE
L~ISOLEUCINE
VALINE -
DL-NORLEUCINE
L-ORNITHINE
DL-AS PARTATE
L-LYSINE .

.

P
»

“
*

e
. ) — } . *
l+r1 410211 1t 11 +41

™

DL~ o =AMINOBUTYRATE
o ~AMINOVALERATE =
& -AMINOVALERATE T4 . | ;.
————————————————————————————————————————————— o e e o e e Cy
represents the number .of .OTU' in each cluster
85% or More OTU sitive

all OTU niEative%B

L4

£
L

TI1TOUOUHRFERKPFPW+ENL T D!

+

+IlwblllHt+%ll+++
+||¥m+éwaq+q+++¢+

=

‘uniqyue chajpacter determined by discrimatory analysis
'8 OT® of

e o8 50 ll‘ (1]

e 11 OTU. have this-character : -

bt ’
Rl
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Table 6b continued ... CLUSTER

- T Y P S G i G e e ot S S et s Bl G T GYS GO TP GEP G G YA G GED I WP GV (P M Sy S D S S G S S e e e e —

(AMINO ACIDS CONTINUED) : Yy
N-ACETYLGLUCOSAMINE 4 -

L-GLUTAMATE +
DL-CITRULLINE 1 - -

CARBOHYDRATES

D~RIBOSE I i
L-ARABINOSE
D-XYLOSE -
D-TREHALOSE

D-FUCOSE *
D~-GALACTOSE
D-GLUCOSE
D-MELIBIOSE * -
D-FRUCTOSE ~~
D-MANNOSE

LACTOQSE

MALTOSE .

SUCROSE

L-RHAMNOSE

SALICIN . -
D-GLUCURONATE
D-GALACTURONATE .
D-GLUCONATE '
MUCATE | -
INULIN ;
D-SACCHARATE

~
[ ]

P >
N\ *

WH+ WU ERWW I D+N+FUHSUEWW!
F 1+ 4+ 4++HFNF T HNF+WINN ] WW
P T T R A S T T T TV TR . o R

DI O+ + Dl O~dWNFEd+ DI JOND +

CARBOXYLIC ACIDS
i) FATTY ACIDS

.
.

ACETATE

ISOBUTYRATE
PROPIONATE
BUTYRATE *
ISOVALERATE

HEPTANOATE

GLYCOCHOLATE
-AMINOBUTYRATE

VALERATE. .

}\A T

el + W =
++ W+t ++ 4+

1
t
{ Qg
1
i
t
1
!
1

Il WHOANY O+
++WEE O+ +

ot

++++++++F R+

A R s
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Table 6b continued ...

TEST NAME (7)

(5)

(11)

(5)

A R S G D AR AV P D S S e G ———— T ——— ] —— i Y D W W S A W ol g P . S - . S T ———

ii) DICARBOXYLIC ACID

OXALATE
MALONATE
FORMATE
PIMELATE
SUBERATE
SUCCINATE
ADIPATE

AZELATE ;
SEBACATE ’
MELEATE
FUMERATE |

S twoaH+ +FONW

iii) HYDROXYACIDS
"

L-MALATE
DL-GLYCERATE
DL-LACTATE .

DL-§ —HYDROXYBUTY
> D= (=) ~TARTRATE
L- (+) ~TARTRATE
MESO-TARTRATE
GLYCOLATE
CITRATE N
a(ZKETOGLUTARATE
PYRUVATE o
ITACONATE ¢,
ACONITATE /

- VA
AH{-NO-‘Re%DS._AND RELATED CO

-,
Blt++ENWI O+ +

L~HISTIDINE 4
L-PROLINE +
L-TYROSINE +
KYNURENATE . 1
, L-PHENYLALANINE 4
. L=TRYPTOPHAN 1

+ 111l ++++WwW+ 1

-

MgOUNDs

+ =t ]+ 4] W

I =+ W+

£lt+ LRI+ 444+

+ 1+ + 4+

W+ +BUAWNS+ a0 +

+ =W '+

++++++t+++++|+
* % % » '

*»

+H I+ +t+ b
* *»

o *

]

*

—— ey S S S s Ak G e Sk S G e e e e e g s S g S S S e S et S G SN G G G GED GLA GME GE DY S S G GRS G S AR GRS OEF M S

.
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- SARCOSINE

© ENZYME"REACTIONS.

; -64~ ‘ ’
- - .

—————— — ——— — e W S D G e G G S G SIS G50 S0P S Gim G B e G S S e S —— — T D W G S G G SR SED GF D S NS GEP Re S G SR

(AMINO ACIDS AND RELATED COMPOUNDS CONTINUED)
P~AMINOBENZOATE - \\\5 -
PUTRESCINE 5 -
DL-KYNURENATE 1 -
ETHANOLAMINE _— 5 * 2
D-TRYPTORHAN 1 -
BENZYLAM - -

»

*
I 1 =

*

NON-NITROGENQUS AROMA?EC AND OTHER CYCLIC COMPOUNDS

D-MANDELATE
L-MANDELATE \
SENZOATE .

- M~HYDROXYBENZOATE
PHTHALATE

1
] WwwWu

m&m—u—aml N
1 l 'I.I'F-“I = |
11

i

1
W w

5
o
= -
-3
g
=
o
0

BETAINE \

S
f W
I

CREATINE
HIPPURATE
NIACINAMIDE
NICOTINATE
ALLANTOIN
ADENINE

11w
[N I B "SI I |

4+ Wt +

SR N L b . b
1
!

1
[V

-,

\
CELLULASE = ™/
CHITINASE
LAMARINASE
AMYLAS ‘
LIPASE - ™
OXIDASE,

] Al )W)
Wt ||+
+RONT N W

4

4 W+

N

14+ 1 1 4+411

»

*

% % % %

4
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Table 6b confinued ... " CLUSTER
1 F G R J-
TEST NAME (7) » (5) »14) (11) (5)
+ GROWTH TEMPERATURES . i
| , s
GROWTH (5 deg.C) +, ot + 't +
GROWTH (35 deg C) + + 6 T+ + -
GROWTH (40 deg C) .- 4 3 -6 -
. ‘ -
’ OTHER CHARACTERISTICS '
¥ A3 - . | -
DENITRIFICATION - .+ - -~ -
FLUORESCENCE - - - J 2 -
-————-—----—-—-_—-nn-—u--—_“--ﬁu-——.—---' ------ - QS A Gub IV JEn Eun APER P G S S G k
L g ' ) ”
¢.|"'-"_|. -
- rA
\ .
o . . P ..
(
B '}
/ | s,
. - ) ‘
v N
N\
' —
(N ‘;
R A
. , e ,
. *
~ - :
N
"’

. h
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fermentative. These organisms were ane to utilize
iyvalerate, glycocholate, malhonate, D-~galactose, and
isobutyrate as sole carbon sources. -
Cluster E (Table 6a) consisted of 10 epibenthic oTu.
With the exception of 2 OTU, 'all were orange pigmented.
- Although‘all 10 had a'n.oxidat"ive metabolism, 5 of these did
~~ not give a. ;:eaction in MOF medium. Only 2 OTU re&:.red

—r- - sodium-ions for growth and were motlle. These OTU were able

to utilize adenine, itaconate, kynurenate, D-mandelate, .

AT

y creatine, sarcosine, pimelate andlL-tyroéine as sole sources

of carbon.. Several strains demonstrated agarase activity.
-

* Cluster F -(Table 6b) consisted of three oxidative OoTU - ,

from the epibenthic zone and two type OTU. The type OTU
were P_aendnmnnas nautica and Alicaligenes aquamarinus. All

A ) OTU showed a definite sodium-ion requirement and were

motile. These OTU showed the abilitys to denitrify. . Also,
: o -

" this cluster was able to utilize adipate, - glycolate,
n—tg}ltariol and belargonaté as.sole carbon sources.

Cluster G (Table 6b) was composed of only oxidative

epibenthic O'I.'U.'r Eleven OTU dmnstrated a definite

. : sodiuﬂr’ion requirement an'd all OTU were motile. A,_

distingumhing chgracter for thi.s cluster was the

B
P

P v utilizatign of valerate as a sole carbon source.
Cluster H'Q(Table 6b) congisted of lp type cultures.

Eight were oxidative, 2 ferme;xtative and one MFO negative.

" All demonstrated ‘a sodiurﬁ-_-:lon regquirement and were motile.

v e

b

,
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«~fhis cluster was distinguished from other clusters by the

1

ability to utilize& —~alanine, allantoin, L-ornithine,
DL~citrulline, benzylamine; pelargonate, betaine and-
D-galacturonate as sole sources of carbon.n , -
-7 Cluster I (Table 6b) cénsisted‘of 1 epibe‘nthic, 4
pelagic and one type OTU, Oceanospirillum ‘vagum. Five OTU
were fermentative, the other 2 were MFO negative. One O'i'U
was gi_gm_er{ted. All OTU demonstrated motifity. Two OTU

r’eqﬁired sodiufi~ions. These OTU were able to utilize

\ . : — .
meso—inositol, and ethanolamine as sole sources 'of carbon. "
e - . . N ‘

. In addition, five O0TU were able to utilize benzoate, ' o

.p—hyaroxybenzoate and guinate as sole car bon sourceg's.‘ One
OTU (84) utilized the above aromaticiddmpo'unc_ils via meta-
cleavage, the other-4 OTU were able to utili'.z‘e a;:omkat‘icl'
compounds via ortho cleavagej.

Cluster J (Table 5b) consiﬁté_d of only s;x:aixia from the

second isolation. . All OTU were fermentative, .orange
pigmented, motile and did not show any :equirement'for?
sodium-ions. The utilization bf the following cgmpoun‘ds

were unique to this cluster: . nicotinate, p-aminoBenzoate'
pthaiate, D-fucose, D-t_:ry;;to;_)han, DI'.-nor.jLeucine.‘ 'inulin,"“_‘ o
L-rhamnose, 'i):t.:a.r.'trate; maleate, L-tryé;:ophan, L-mandelate, |
oxalate, benz'ylainine, isopropanol, adipate, D‘:L-Jc,itrhllir}ef,.
niacinamide, DL—kynurenate, v.al_i_ne, adenine,'mea?-;.l:értrate_,

L-ornithine, glycolate, kynurenate, allantoin, itaconate,

L-tartrate,’ creatine -and L-lysine. OTU in this cluster grew

. .
.
. N ’
4 , ’
X . - . —
.
. . ‘

*
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,on a large number of substrates compared to the OTU in other

CiUBt?IB.

-

“With the exception of 2 prange-pigmented OTU (OTU 52 --
53, -and OTU 45 - 109) and OTU 47 (which gave, an ca. 90%

agreement to OTU 106) , all replicates used in this study

L

. b\’)
In .addition to the nnmerical analys:.s ns:.ng Euclidean

...‘-'

distance and Ward's clustering method, several other

gave a minimium of 97% agreement.

,,cluq‘teking techniques were used to determlne the robustness

of the clusters-. A similar:.ty measure “obtained usipg a

. /
A

"-,Jaccard coeffic:.ent and average 11nkage ‘lustering in an’
- abbreviated VEISJ.OI’L ig shown in Fig. 6% simple matching

".coefficient was used for both singie linkage cluatering and

,

' -deneity search clusteting. ) a%breviated version o,f these

dendrograms is. show_n :L_n Fig. .7 .and - Fig. 8 respectively.' A

dendtog;am using eucl i déan dieta,nce ands relocate clﬁstering

'is shown in Fig. 9. An identical hietarchial arrangement of

-~y

.the clusters wvas obta'ined using euclidean distance with both

F

"'relocate and Ward's clustering methqu. Similat hierarch1a1

clustets \vere obtained uaing Jaccai"d and simple matching

\} \ -
coefficienta. ' Differencee between similarity and

disaimilaﬂity measures . were -minor. OTU which failed to

cluster consistenlqy\gre 1iated in Table 7. Moat: of these

OTU were - either type cultures or orange-pigmented O‘I‘U whibh

bl

had few characte,ristica in common with other OTU.

¢ -

-
+

’
.
v
-7
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Figure 6. An abbreviated ,versign of -a dendrogram obtained? "L . :
) using“135 Binary tests, &15 .OTU, Jaecard ) ,
. \ .‘ . . . .\9‘
coefficient and average linkage $lustering method. ; ,
OTU which cl¥istefed with two or more Q’fU werne . % i .-
a P . . ’ . ‘- ' 3 \ !
., labeXled with the letter assigned to it in Fig 5. - '
i ' .,‘ - |. .- N N ) - . 5
**  Numbers.below cluster lettering indicatﬁs number A \
I . . - . . v e " «
of Qﬁ‘U associated in-cluster. The Y-axis gives- oo
v the S'imila'r'ity,valqes at which OTU and' clusters .
. of OTU merge. * A . | ..
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matchfmj ,coefficient and denaity c’l\iéte‘i‘iﬁg.

O'I‘U h clustered with ' two or more OTU were
labelled with the letterjassigned to it in Fig 5.
Numbers below cluster leit_e;ing indicates. number -
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Figure 9. An- abbéeviated version of a dendrogram obtained

using 135 Blnary tests, 115 OTU, Euclidean
distance coefflcient and*relocate clustering.

» Ten clusters are shown. Ngmbers below cluster
lettering indicates number éf OTU associated in
cluster. The Y-axis gives the glssim1lar;!.
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‘identify the OTU. 1In addition it X?s necessary to use

".These are given in Table 8.

.with single linkage clustering is shown in Fig. 10. ‘At a

1

3. Then, fermentative OTU were separated from

non—fermentative OTU} A list - of the 114 biochemical teets
with corresponding test number is found in Table 1, Appendix
B. The data matrix fcr fermentative and non—fermentatiVe
OTU 'e'r‘ld\characters isiseen in Tables 2 and Table %

L]

respectively in Appendix B. 4' ' . A

-—

Simple matchingfwith single linkage clustering vas used

to determine the relationship between type and reference

. strains. In total, 114 characteristics and 85 fermentative
“OTU were- investigated. Oone hundred and’ fourteen
. charactexistics were used with 72 non-fermentative 0TU. :

The type and reference cultures were used to” help \T\\-

D |

B

published determinative schemes to. complete the

] identification. The schemes used were froh the 9th edition

of Bergey B Manual of Systematic Bacteriology (Rrieg, 1984). “

A

i) Ferhentatiﬁe‘bTU' e ‘ ' R \

b . . ' . ' +

The dendrogram obtained by’ simple matching égefficient

o

_77_ ¢
" 3. Identification of OTU . B ;
. ) \ ,
. ® ¢ '
% For the ‘purposes’ of i‘intitication, 31 type cultures
and 10 reference OTU- were added to the.previouely
constructed data matrix. These were 1listed. in-Table 2 and 5
¥ ,
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Table 7. OTU which‘did not cluster congistantly.

T =78-

Shown is the region of ‘isolation and

corresponding OTU designation of strain.

oTU -

L

‘i

A

-

Source isolati‘on~
pelagic ~lst
pelagic st

. pelagic 1st .
¢ pelagic ., 1st

*  benthic 1lst .
benthic - 1st
benthic lst
benthic 1st
benthic 1st
benthic 1st
- benthic 1st

benthic. v 1st .,

type

type

type

type ~

t'ype il

type

type

- type
pelagic 2nd
pelagic
benthic ' 1st
. type -

'y Lind
r . . -
"
%y s
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H
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The first cluster consisted of the OTU 21, 22
. v
26, 31, 112 and 113 with a type culture !ihrig

dissimilarity value of ca. 0.87,.7 clusters were obtained.

. 23, 24, 25,

nazahemnlztinna (ATCC 17802) -and BRN44, a reference !ibzin

isolated by Hollohan (1982). These OTU were a

"constituenta of cluster C (Table 5) which reqﬁ

sodium-ions. were motile with polar flagella. ?xidase

positive, and able to utilxze D-glucose, malto

11
ired

L]

>
vl

gse and

D-mannitol as sole sources of carbon., These OTU wern from'

both the pelagic-and epiggnthic regions from the firet

2 .
4

1solation. Reference strain BRN44 from Alaria eacnlehta

clusteredrw1th OTU 31 at a similarity leue of

-nazahemnlxtisns (ATCC 17802)eclustered at a 0.
with this cluster. All strains in this cluste

tentatively identified asg’ lihxin

A second cluster consxsted of OTU from cl

~ 5) and Vibrio type cultures. At a similarity
Vibrio alnnsia' (LDC 9067)- and Vibrio proteolyticus (ATCC :

-.oxidé&e.negative.~ Because the

33125) clustereq.'ith OTU 79, 80, 86, 87, 88,

_ These OTU wer% originall? part ‘of cluster A an

pelagic strains from the June, 1983 isolatfbn.

0.90. V.
88% similarity

L 3

I were

uater A (Table

value of 0.98,

90 and 92,
d consisted of

Not.all of

the pelagic OTU had a sodium—ion requirement but all were

motige. -None was able to ﬁtilize D- fructose.

lacked a aodi

'quuirement they were not identified as Vibrig

\’r

S
OTU were' identified aé Aeromonas. OTU 1, 3, 6.

e

L _ o . S
* .Y ” * \" R . : *

All were
um-ion |
ep; These

’ 32; 37' SQ '

‘ '
. . N .
. " ‘
. 'y
' .. . “
. . 4 . Fa 1
Y . -
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-
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Table 8: Sources of the diagnostic schemes uééd -
to iiéﬂpify pelagic and epibenthic ‘OTU -
from #e  Northwest Atlantic Ochan near .
L ,Newfoundland.
Genus Reference - . ’
Beromonas Bopoff (1984); ‘ ’

-Peendomonasg Palleroni ¢1984).

) -Baumann and érhubert (1084).
Alteromonas Baumann, Gauthier anq‘iaumann (1984) .

Flavobacterium Holmes, Owen and McMeekin (1984).. -

*

_ L
!ihnid - Baumann, Purness and Lee (1984);
‘ ’ Baumann and Schubert (1984). «
L] ” . T; '

o

Y
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Figure 10. Dendrogram obtained using 114 binary tests,

85 fermentative OTU, simple matching

-t

coefficient and single l;nkage clustering method.
The Y-axis gives the Fimllarify values at which ™

OTU and clusters of OTU merge.
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o . ~83-~ -
v : ® 5 - ~

- N A o
and. 89 were pelagic and epibenthic strains from ﬁcvembet. '

]
1982 and June, 1}83 isolations. ‘Thése OTU clugtered with

(
the latter OTU as well as the type. sttains Yihzid'finnhgzi _
(ATCC 7744), mhnin damqela (LDC 7588),:¥ibrio lnnei. {arce o

. 29985), and Yj.h:_i.o copticola (IDC 9013). st 4 0. 90 ‘aimilarity

value. Alliexcept OTU 32 and 89, which did not requireq“w' )
”‘sodium—ions, were.- identified as yihxin ep.- OTU 32 wae. ;‘??-

oxidase positive, motile, able to utilize D-glucosep | ‘}

D-fructose and D-mannitol and therefore had many o; the ° ; C

,

-
L3

“carbon.‘ Lipase activity was apparent in ofu 44‘5¢ 12

properties of. Aennmgnaa OTU 89 could nat be identified. ‘
M ]
Tﬁe next cluster consisted predominately of OTU @Eom
cluster .D (Table 5), but several OTH;omiclustere, q‘.('rable

5) and C (Table 5) we;e also present.” Type or refetenge

o ¢

strains did _not cluster with this“gﬁoup. All OTd.in E&ie)/' ‘
cluster required sodium*ions, were motile, oxidas posit Ve@,
utilized D-glquse and D-fructose. Only OTU 13 wa dnable

-OTU 7, 10,012, 13,.16, 17, 19, ﬁ& andr27 were able to

to utilize D—mhdnitol.

[

utilize glycerol. With the exception of oTu. 7, 8, 9, IO end
T fy W ) o
14,. alH were able to utilize maltose as ‘a Bole source of v s

,17’ \/'O

el
20 24 and 28. gaese OTU did not accumulate PQB, quﬂ

. ‘ '

polarly flagellated and\required sodium—ions., They "were

. ! & O , v 1 . .
tentatiVely identified as !ihéin» * .’. ai ; PN f
«~  Clustet J (Table 5) was the tightest cluster~ut a. ;_:';"‘.,
- : simirgrity value of 0 952., Thie'had pelagic OTU frdh the
Sown PR

i 4 ..5.' ' . ’ s -~ ‘ 3 . - 5 ? ’ R . ; - ' 1 e .

. \\ ot ' B . . . :» ® \"‘ ' R " .

L3 w,u !" v . N ‘\\ 3 . . .
o ) > ) " ' , £ (\ - " ”“ *
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T

' unidentified.s . §'

~ . -84-

'June, 1983 isolation. These OTﬁ showed no sodium=ton .

requirement, were oxidase negative. orange pigmented, able

to utilize a. wide variety of carbon compounde, 4nd one was {

-

motile w1th two polar flagella. Tentative identification of

LY

these OTU was difficult because they were oxidase negative.

This suggested that’ these OTU were neither Mihzig nor

\Ae;gmnnaﬂ. Nor' could they be classify as Ei}xgbngﬁerinmj

- o ~ -

because they wer fermentative, motile, displayed swarming

'activity and were. oxidase negative. 'These OTU couid not be

'-assigned to the genus c¥tgphaga because this genus was -

’ ox;dative and oxidase positive. This cluster remained

Faal

OTU 84 and 85 we(J found in cluste;—ifseﬂgth did not’

require sodium-ions.,’However both OTU utilized D-mannitol,

'D—glucose, D-fructos& and were catalase positive and motile. -

OTU 85 was able to utilize gl&cerol and was oxidase !

-

positive. . OTU 85 was tentatively identified as  AerOMONAS.
OTU 84 could not- be identified. ’

'
=

- 1) ﬁonhfermentative'OTp; oxidative metabolism. - '

» -

The dendrogram obtained by gimple matching coefficient

with single linkage ciustering\ie_showndin_Fig..11.' At ca.

©0.85 similarity value, several clusters were formed.- The

first cluater consisted of OTU‘Z.‘ll 29,-39,‘40; 42, 43,
- 44, 46, 47, 48, 49, 50, S1, 52, 54, 55, 56, 57, 58, 62, 82,
91, 96, 98, 102, 104, '105, 106 and 107 from clusters A, B



J{d G.

OTU frgm,cluster A (Table 5), subclustered at a
similarity value of ca. ¢.90. OTU 91, 96, 102, 104 an@ 105
were June straine whicu had a 0.98 ‘similaritys.to type _

. culture Al:ernmnnas lnteezinlacea (ATCC 33452)} OTU 29 58,.
82 and 91 had a 0 89 similarity to type culture Altnzgmnn1§.—w

_puhxefasiene (ATCC 8017) . With~ the exception of OTU 29, all\\\\x’;
required sodium—ions and were motile. ALl utilizeﬁ\\é, -

_\-

D-glucose except for the 0TU 29, 82 ‘91 and 96. oru 82 S

e
-

: utilized D-fructose as a sole source of ‘carbon.. OTU~29 102.
"and 104 utilized DL-malate. ‘This cluster was 1dentif1ed as:
belonginq to the—genus Alierhmnnaﬂ o |

, ,Another,subcluster was gormed by OTU‘Z, 1l, 39, 40,:42,
50, 51, 43, 44, 46, 48, 49, 54, 55, 56, 57 and 62, at a
\similarity value of 0. eé; OTU 1n this subculture were,
mostly from cluster G (Table 5) and coneisted of strains
from the pelagic and epibenthic regions collected in . .
November, 1982.' These OTU were unable to utilize D-xylose{l

L—arabinose, D-fucose, L*rhamnose, melibiose, lactose,

[ 4
' D-gluconatea galacturonate, oxalate, maleate, t Coe

D-(-)-tartrate, meso~tartrate, isopropanol, DL-norleucine, W
‘L-cit_'.rull ine, DL-& -aminobutyrate ,- .B-aminobenzoate) ’
‘ﬁenzylamine, uicotinate, nicotinamide, D-aorbitol,~
m-hydroxybenzoate or produce the extracelluar enzyme
algiﬂaee. All OTU were”;;le to utilize acetate, DL-lactate

~

ané_pyruvate‘as sole‘carbon aources. With the ex eption of.

-=r
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o R A non-ferment’:,;.ve oTU, simple matching
) o coefficient and amgle 1inkage cluate:ing method.
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. ’j' o ) “ . —Bse; o n
0TU 44, all OTU were able to. utilize DL-malate: ' Only OTU
52, 57. and ﬁziwere wnable to utilize gluconate. All OTU
were polarly'flagellated, motile and with. the excegtion of
/OTU 52, 57 .and 62y required sodium-ions. These Olﬁ were
. «'tentatively aSSigned to the genus Esendnmnnas o L
eThe final subcluster consisted of OTU 47, 106 and 107 - -
\L'which were oxidative stains from cluster B (Table 5).: All ¢
.were benthic strains and required sodium-ions for growth.
' These OTwaere able to utilize L-malate. D-scrbitol, ‘
'.m-hydroxybenzoate, glucose, celliobiose, and. propionate;\;;
'All were oxidase posrtive -and- utilized aromatic compounds \
via ortho cleavage. These "OTU could not utilize acetate,
-hbut were able to utilize D-glucose and’ D-fructose. This
.‘grqﬁp of OTU was 1dent1fied as Altgzgmgnas

At a 51m11arity 1eve1 of: ga. 0 86, reference culture :

~

Rl ~5
-1
.

BRN67 (Alternmnnas) fused with these OTU. Reference culture .

—

;,BRN67 was, 1solated from the seaweed Alaria encnlenta

omu 33, 41 45, 57, 109 110, 114 and 115 were - all e

.epibenthic strains originally in cluster E (Table 5). All

exception of OTU 41 and 114, all OTU in this cluster were’

-—

. orange pigmented and non-motile. OTU 45 47, 109 and 119

were tentatively identified as- Elaxghacterinm Because OTU

| 33 and 115 demonstrated agarase activity ;hey could not be :;-;

Y

assigned to the genus. o - ‘.

OTU 35 60 and 61 werée epibenthic strains and represent

OTU in. this cluster were able to hydrolyse starch. With the‘



oxalate, maleate, D-(- J-tartrate, meso-inositol, adonitol,:

N
None of these OTU produced the extracellular eniymes

1]
. -89- A N : \
‘e [} " - 4 . B .

OTU from cluster F-{Table '5). None of -these. QTU were able "4P;i

'to‘utilire'D-xylose%’D—fucose, L—rhamnose, D-mannose,

melibiose, lactoge, inulin, salicrn. n—acetylglucosamine,

-

’

DL—norleucine, L—citrulline. DL-°('aminohutyrate, A_'."' -

\
\

'{,p-aminobenzoate, benzylaminef\nicotinate, and nicotinamrde.. ;g‘ﬂf

alginaee or chitinase but were able to demonstrate the

- u‘Tability to denitrify.. All the OTU were able to utilize .
;‘acetate, DL—lactate, pyruvate, D—glucose and gluconate as

i sole carbon sourdbs. Since all OTU required sodium-ions and

_; -were motile with polar flagellation, this group of OTU were;
". tentatively identified as zagndgmnnaa

. »_ ' . °.

—~—

‘. In. summary, 1dentifications atqk | r;iic level were
. ‘f ﬁl—.

Lo

~made and are presented in Table 9.; Fermentative OTU were

-

!ibrin and Aernmgnaa "In generaI? Yibrio species were o

. apparent in not only epibenthic regions of the water column,

but in ‘the pelagic regions during both - the November ' and June " .-

sampling period. Aexdmnnaﬁ was tentatively identified in
' the pelagic zone from the June, 1983 sampling period and an

epibenthic strain taken during the November. 1982 sampling

‘period.’ Orange pigmented Elﬂ!ﬂhanherinm species were also.
‘recovered from the epibenthic region. However, pigmented

.bacteria were not limited to the epibenthic regions. . |

Several pigmented strains were apparent in the pelagic zone

during the June isolation. A_small group of orange
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Table 9. Sumquy\of tentatively identified OTU.
.Shown~-is' the Operational Taxonomic Unit (OTU) number,
the type ‘\strain(s) used to assist identificationm’ ,
(Type}, region and date of isolation of OTU, and the
) tentative identification of OTU. November., 1982
»*  .and June, ‘1983 isolates are coded as 'Nov ' and’

~ P /. 'June' respectively.'*
R o s
| . o ;1' n 1:3'. | | Date - Region of Tentative'
‘ ;:0¢p No. - Typq5 ~+ " isolated. isalation identification
C .t 1,22, 23, "BRNAS - - Nove 7”*ﬁélggié S T
Y w7 24,25, 26,_y1h;igj R -\ 0
e v ;13. 112 . parahemolyticus . epibenthilc '
VT, é& © V. fischeri . .~ . pelagic’ | ,
. — Y. logei™ . Nov. “epibenthic S e e
~~\<. . - .Q. Y. costicola . ' o U ‘ ,
N R R s o | .
[ 7 8, . e W : - o
A\ o 9, 10.12,. Ll . 'pelagic  Vibrio
- o 13,14.15, . .= ~Nove ‘ -
- J . - 16’17"18} * - epibenthic - s’ )
\ v ‘19,2°p28' [«] " ‘ R ) ) ‘
* . 36,38 e, .
R . \\" 32 L T =T " Nov. ‘epibenthic Aéznmﬁnga:f
-\ - 79,80,85,86, - ©  Jupe - .pelagic - Aeromonas
- \\ . 87,88,90,92 o T . N
‘ \ 35.60,61_ ' -'; ’ Lnovﬁ ‘ epibenthié.zagndnmgnag
D \ ¢ 2,f1,39, - . . R ' | |
SR \ . 40,42,43, " P pelagic .o
\. 44,46,48, s L Neve + 7" pgeudomonas - -
\ 49,50,51; ' - - .- 7 epibenthic e
| 54,55,56 - G o L
\\ 45,47 1&9, = Rows epibeﬁEEithElgggpidhexinm -
. \ 110 Lo ' o, : —
: T o \ e i
147,106,207 ok Nov. .  epibenthic Alteromonas
. N ) ", $ . ) ' e
29 58, 82. Alnmmnnan ' . . .
s »91,96,102, -luteoviolacea Jupe pelagic . Altegomonas.
" o 104,105 A pntnefaniana/) ' o A .
- 93,94,95, f{/’ -\\gune' . pelagic - unidentified
99,100 : | Y
. ‘*-h—"- S Sl e Gl ik G GRS GEN SED SR S S8 th-‘-- — v 'y .
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' These Bpecies occurred in ep1benth1c zones.

\recovereg ‘from epibenthic-samples.‘
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pigmented bacteria which showed fermentative properfies”were.

also recovered during this isolation period.. These strains

could not be identified although they ut1lized a very large :

-

DO =4

number of organic compounds as sole sources of carbon and

Several strains of Rﬂendnmnnas were identxfied.‘ .
AltﬁLannas wasl
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Discussign

s ,

.- Marine bacteria'which readily become attached,
high nutrient sources are
In |

metabolize and form cold‘ies on
is (Fukami et al., 1983).

known as heterotrqphs or eutrop
this study,\bacteria were isolated from sea-water by using

nutrient agar qontaining 2 g orggnic’carbon per litre.
. ‘.’\_".‘.

These bacteria\would be heterotiophic rather than
l S T

oligotrophic (Akagi”et al., 1977)
cold ocean environment, and |

Samples weée taken from ‘a
were assumed to- contain eitherlpsychrophilic or ‘ L N
Gow nd Mills (1984) have shown

psychrotrophic bacteria.
that these groups predominate rn the water of the Northwest

Atlantic Ocean near\Newfoundland.
_ . The methods of isolation.ind media.used to isolate
strains, have differed in prev ous studies. For examole(
solated;becteriefusing a
,Isoytone,‘yeest:extract (YE)

Pfister apd Bulkholder (1965) i
Other studies such as

’ medium COnsisting of trypticase

and-vitamin B(12) in aged seawater.

9d8),'singleton Qﬂd.Sneath
auxhurst et al. (1980) and
consisting ot oeptone, YE,
(1979) used a. variety

©

o tﬁﬁse of Quigley and Colwell .(}
(1979); H

' (1973), Kaneko gt al.

this study have used the m dia

minerals and agar while- Austin al.

) of media to isolatewstrains. Some investigators haVe used
"pour-plate method‘to igolate'strains (Pfister and - i

[esearchers have chosen to

Bulkholder,01965)m while other
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. first dilute water sampf;s in sea-wateﬁ nutrient broth,- and
"then plate samples on nutrient agar (Singleton and Sneath, .

. 1973). Provided that these limitations are recognized é

_ comparison of genera from different regions can’ be made.

In this study, fermentative bacteria were tentatively

‘identified as yihrin_—lxhough some- species of the genus
Aexnmnnas were present. Nonfermentative strains‘were
identified as AltﬁrnmnnAﬂp Elaxnhanterinm and EJendeonas.
Species of the genera EhntghAQtexinm, thgmgbagég;iﬁﬁ; i?

‘, Arthrnbaster Aninetnhasten untexalla or cztnphaga were not '

~

|

\ m: Approx"ately 23% and 9% of the genera isolated in this Z{
study were identifiéd as'Yibzin and Aernmnnaa respectively. |
"4 The Pfister and Burkholder (1965) study of bacteria from ‘the
; Antarctic and tropical oceans did not show either of these
Egenera. Quigley and Colwell (1968) found that ga. 7% of
Itheir gtrains from the Pacific ‘OCean were Aergmnnas An
\additional 7% of their strains were’ either Vibrio ‘or.
. heromonis:- singleton and Sneath’ (1973) found ca. 48% of
strains“from coastal New Zealand were Vibrio. Approximately
. 16% of the/gtrains from the Austin et al. (1974) study were
\ yibrig. ‘Hauxhurat st al. (1980) found that 4s. and '46% of
khe strains from the eastern and western Gulfs of Alaska
were respectively,lyihrin,' Although no species of the genus~
[Aernmnnas were found in the western Gulf of Alaska, an '

| o -
fadditional 22% of the atrains from:the eastern Gulf of ' —

A
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Alaska could have been either Vibrio or Aeromonas.
The;efore, the proportions of Vibrio from the region

- : — T,

examined in this study most closely :esembled those }eported'
from the weshetﬁfaulf of Alaska (Hauxhurst et al., 1980) and

Q',,nf’ from the coastal waters of New Zealand as described by
Slngleton and Sneath (1973) ,ﬁ —

Approxlmately 22% and 12% of/the strains in- this study
J .

were identified as. Pseudomonas and Alteromonas respectively.
Only 2% of "’gins*were 1dent171;d as Eléhnbantﬁfiﬁgj"
Because the name Al££19m9n35 was not proposed until recently
“\\(; , (Baumann et al., 1972), many studies have included—ﬁgSh .
| Pseudomonas’ and as the single genus Pseudomonas.-
“EXamples are the studies/éf Pfister and ‘Burkho " (1965),

Quigley and Colwell (1;58), and Singletsn and'Snea h (1913).
" Approximately 32% and/2% of the strains _from the Pfister and
Burkholder (1965) sthdy were identified as Bﬂendnmnnaa and

Elaznbactﬁninm respectively. Quigley and Colwell (1968) and

'Y
Slngleton and Sneath (1973) found 8% and "11% of their v

strains respectively were Rsendgmgnas Although 40% of the "+ -

strains could/not be assigned to any genus by Aush{nwft

al. (1979%; Qﬁ- 7% of the strains were assigned to the genus

/ .
) Paseudomonis. Kaneko et al. (1979) found 443 of their ~

. strains/uere Elﬁ!ﬁbaghaxinmewhire/on1y 3% of their strains

l, were/either Raannnnmnnaa .Alteromonas or Alcaligenes.
A%}ﬁough Hauxhurst et al. (1980) did not find any

sp., they did find th‘t Elaxnhanhezinm and

-

>
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Pgeudomonas were 1% and 6% of the strains respectively, from

the eastern &ulf oftflaska. No spec1es of the genus

Psendomonas were found in the western Gulf of Alaska but, h

.. 19% of the straina were either Elanohacterinm or. Qgtnphaga
'.{;j | Therefore, in this study, ‘the proportion of Ehenﬂnmnnaa
o ) Alrernmnnaa and Elazghactsrinm resembled those reported’by
x Pfister and Burkholder (1965) if it is taken into account :
" that Pfister .and Burkholder (1965) would not have ) T

Pt
1

diffetentiated between*zsandomnnaa and Alteromana& The '

L

propontion of was slightly higher than reported

by other 1nvestigators. This genus has prev1ously been .
. - found in Newfoundland waters (Hollohan, 1982). ‘

n } .
1

‘!ibnin identified 1i0;3}s study .could be divided into

:three groups. One group strains utilized_severgl.carboh

¢,

]

|

b - . :
- i- sources and was able to produce many extrabellular enzymes} v
e P L .
' |

! Unlike two other groups oﬁzvibrio, these strains, were not

}”';7y;' found in” the epibenthic regions of thelmater,column.
. ji ‘Anoth Yroup occurred 1n both the pelagic and epibenthic R

..' A regiogé and did not produce ahy extracelldlar enzymes or‘ B ~:

& } . utilize many of the carbon ~sources tested. The third group

2L from the pelagic and epibenthic.regions, was able to produce i
' . v, \

i one or .more extracellular enzymes as. well as utilize several T
! .

} - carboxylic acida. -
3

.
“ A

L4

>~ .
o
e
4
. - .
vk

. Eakndnmnnaa sp. could be divided into two groups.- One"‘ g
'0

_«,{,i-'group of pseudomonads utilized few carbohydratea, alcohols

and  amino acids. The other group»waa“able{to denitrify andv'
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}}Naiiée several- alcohols amd carboxylic acids as sole carbon

+

sources. .- - ' ..l'. [
Qne group of Altexomenas demonstrated ortho cleavage ofs

aromatic ‘compounds. The other group of Ahlexnmgnas did not

demonstrate the ability to cleave aromat%g compounds~or

- utilize niany of the carbon sources testedm .. .- C r:\

, \‘. Elagghagtngem, which are pxgmpnted, ‘and’ anothé?\giQZLu"“

‘ of\unnamed orange—pigmented strains, did. not ghare similar

)

physioiogioal or nutritional character}stics.ﬂ
Elaxghagterium ‘was oxidative, non-motile and gutritionally

fastiQ}ous. Conversely, the orange- pigmented unknown

- L -

strains weré fermentative, motile and able to. ufilize'most
of the carbon sources tested.
Problems&were encountered when subculturing of

bacterial strains, but this_}s,not uncommon. .1t "hag been

o forted in other studies (Boeye et al., 1975 Oliver et

S 19821.w.1n.this study, lesg than 30% of strains o,

' initialiy isolated were viable six°weeks after initial % _‘
isolation. Poor viability yaSIOBBErved in_pigmented. and, 3
nonepigmented strains."Some pigmented strains showed Iittle:'
or nonexistent growth on’ single carbon substrabes. kaneko i
et al. (1979) and Hauxhurst et al.. (1980) noted the =~

"requirement of vitamins and growth factors fo?‘some strains:

in their studies. Vitamins or growth: factors may be needed

for optimal growth ‘of some bacteria from this region as V

well. L . ’ o ' —

,
* : : . D e
. .

,

s s
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-‘iﬁf - general, pelagic strains differed from epibenthic

strain . Pelagic strains, unlike epibenthic stralns,

o,g‘! dehonstrated the ability to produce at least one: or more

el

extracellular enzymes. Nost of the pelagic strains. were

fermentative TEO%), and consisted of the genera 1ibrig and

’ Aexnmnnas. Although !ihrin and Aeromonag were found in the

Y

epibenthic regions,.most (83%) epibenthic strains had an a4

o oxidative metabolism,and consisted of “the genera

similarities to strains isolated in this study. Reference

-

XN

. 's..
P
;
[
a' -‘--_' )
.. * ~ ) ".
S

N :

-

Elamhacterinm Altercmnnas and P_seudnmgnaa Although
Elamba.c.tﬁ:.inm _was found only in the epibenthic re&ai}on, *
.Altexnmnnas and Rsendnmnnas were found in both the pelagicf‘

'i and epibenthic regions of the water column.

.f_\ Two reference cultures from Hollohan (1982) showed
culture BRN44 identified as a !ibrig was isolated from the
seaweed'AJnxia_esgnlgnta This culture merged with vibrdos r-’
" from the belagic region described in this study. Reference
culture BRN67, which was an -Alteromonas, was also-from
Alazia esgnlenta, This eultur& strain merged with strdins -

derived from both the pelagig and epibenthic regions of the
# -

' water column. These results: suggests that Altexnmnnaﬂ is

widely distributed in the marine environment in this region.
The abundance of oxidative and lack of fermentative
bacteria in the epibenthic regions of. the water column is of

particular intereat. It.might be suspected that below ‘the

.? mud~water interface. anoxic conditions woula'provide an
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optimsl environment for fermentative bacteria. But, anoxic )
., conditions “can begin at depths of ca.. 40 cm and greater
‘ (Kepkay and Novitsky,‘1980). 'The epibenthic zone (in
theory), consists of a thin layer of particulate matter,

o 'sometimes referred to asg the mud—water slurry (Quigley and
- Colwell, 1967) or\flocculent material (Novitsky. 19835).'
Metabolic activity in these regions is very high when
compared to the fest of the'water column (Chocair and

Alpright, 1980). Many-active cells are able to react

immediately to ihcomihg nutrient sources such as detritial

matter filtering through the overlying waters hovitsky,
© 1983a;1983b). . | | -
. . —
For this study it was shown that ‘the epibenthic region
.. o predominantly consisted.of oxidative bacteria such as the
L genera Flavobacterium, Pseudomonas and Alteromonas. With
theuéxception‘or;the genus Flavobacterium, these bacteris
aiso’occurred in the overlying waters'but ﬁ;t.in the same :
X : 'reiétive prbportion.. Bacteria from both -the-epibenthic and
‘ 'éelagichEGions;were able to utilize a number of organic
.. compounds” as sole sources of carbon and energz},gxhis should
'__benefit their chances 'of survival in an sgustic\enVironﬁent:,
Most ofvthe'bacterié that produced biodegradative ekoenzymes
. were found in the pelagic region and not in the epibenthic
' regiggf. It might be’ expected that they 'would J‘bo be found
. - in the sediment which should be. a rich source of subatrate

-polymers. This could be the subject of a further

"
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investigation to determine 1f the results of this study are”
typical and, if so, to determine why the exoenzyme producing

bacteria are found predominately in the pelagic zone.
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Conclusions

1) Pelagic strains from the marine environment were
mainly fermentative.

2) Epibenthic strains from the marine environment were

malnly oxldatxve and clustered separately from pelagic
'straine. —
N

L

3) Fermentative stains™’ were identified as yjnﬁig

\ .
‘although some speciea‘of\khe genus Aannmnnas were preaent.

4) Nonfgrmentatlve sﬁrains g%;e“identified as .
Alteromonas, Flavobacterium and PEeudomonas |
5) The relatiye bropoftions of the genera were.not

identical to those repofted ih other studies but most

closely resembled ?Qpplations of bacteria in the wéstern‘

Gulf of Alaska, New Zealand, ‘and Antarctica.’

'
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Table 1: Source and date of isolation, and culture

collection number (C

No.)~, iBolation

depth and operational taxonomic unit (OTU)

designation' for each strain. OTU which were
replicated are®shown with the letter A or B -
directly following the CC No.

CcC - (a) CcC
OTU No. Source Date OTU No. Source Date
1 2001 20 Nov.'82 31 D310 BENTHIC Nov.'82
2 2002 20 Nov. '82 32 D311 BENTHIC Nov.'82
3 ° 2003 20 Nov.'82 - 33 D312A BENTHIC Nov.'82
4 2011 20 Nov.'82 34 D32 BENTHICS - Nov.'82 .
5 2019 20 Nov.'82 . = 35 E303 BENTHIC Nov.'82 .
6 2020  20. Nov.'82 . 36_E311 BENTHIC ~  Nov.'82
7. 2032 20 - Nov.f82 > 37 I310 BENTHIC ' Nov.'82: -
8 2033 . 20 Nov. '82 38 I318. BENTHIC. Nov.'B2
9 2034 20 Nov.'82 ‘39 831 BENTHIC Nov.'82
10. . 2037 - 20 "~ Nov."82 40 S312  BENTHIC Nov,'82
11 - 6001 . 60 . Nov.'82 - . 41 S317A BENTHIC |Nov.'82
12 6003. . 60" _ - Nov.'82 42 §319 . BENTHIC Nov.'82
13 6004 60 - Nov. '82 43 sS320 BENTHIC Nov.'82-
14 6005 60 . Nov.'82 44 M31 BENTHIC Nov.'82
15 . 6006 60 Nov. '82 45 M315A BENTHIC 'Nov.'82°
16 6007 60 Nov.'82 46 M331 BENTHIC Nov.'82
17 6008 60 Nov.'82 47 M334A BENTHIC Nov.'82
18 6010 . 60 Nov. '82 48 242 BENTHIC - Nov.'82 .
19 6011 60 Nov.'82 49 Z44 BENTHIC Nov.'82
20 6012 60 .Nov~. '82 50 z418 BENTHIC Nov.'82
21 6013 60 Nov.'82 51 Z442 BENTHIC Nov.'82
22 6014 60 _ .Nov.'82 52 Z440A BENTHIC Nov.'82°
. 6015 60 - Nov. '82 53 Z440B BENTHIC Nov.'82

24 6018 60 ~ Nov, '82. 54 7457 BENTHIC  Nov.'82
25 . 6019A 60 Nov.'82. 55 2458 BENTHIC Nov.'82
26 6020A 60 Nov. '82 56 7459 BENTHIC Nov.'82
27 6021 60 - Nov.'82 57 N1 BENTHIC . Nov.'82
28 6022 . . 60 - "Nov.'82 ' .58 N15 'BENTHIC Nov.'82.
29 - D33 BENTHIC Nov.'82 59 N43 . BENTHIC Nov.'82.
30 D39 BENTHIC Nov.'82 ' .60 N41 BENTHIC Nov.'B2’

Culture collection number assigned to the strain.
Number used in- this study.
Samples were taken at either 20m, 60m depth or from
the surface of the benthic zone (epibenthic).

14



(Table 1 continued)

7

cc ‘ cc -

-

OTU No. Source © Dater .. OTU No. Source Date
61 N42- BENTHIC Nov.'S82 91 14 60 Jyne'83
62 N75 BENTHIC Nov.'82 92 15 60 June'83
63 27214 TYPE 93 16 60 June'83
64 . 27374 TYPE 94 17 60 June'83 -
65 27123 TYPE 95 18 60 - June' 83
66 25915 TYPE 96 19 - 60 June'83
67-° 25914 TYPE 97 20 60 - June'B3
68 -27126 .- TYPE . 98 21 60 . June'83
69 -.27125 TYPE. - - . .99 22 60 June'83
70 29660 TYPE - . 100 23 - » 60 June'83
71 11040 TYPE . -, 101 24 60 June'83:
‘72 29659 ' TYPE 102 25 * . 60 . June'83
*73  .271}8 TYPE W 103 26 - - 60 - - June'83"
74 27119 TYPE 104 30 60" June'83
75 27132 TYPE 105 31 60" - June'83
76 E13043A TYPE 106 M334B BENTHIC ' Nov.'82
77 14400 TYPE 107 M333 = BENTHIC . Nov®'82
78 E13043B TYPE 108 M313A BENTHIC Nov.'82
79 1 60 June'83 109 M315B BENTHIC Nov.'82
80 2 60 June'83 110 M313B BENTHIC  Nov.'82
8l 3 - 60 June'83 . 111 27562 TYPE o
82- 5 60 June'83 ,112 6020B 60 Nov,'82
83 6 60 June' 83 113 6019B . 60 Nov? FH2
84 7 60 June'83 114 S317B BENTHIC  Nov.'8Z"’
85 8 60 June'83 115 DB12B BENTHIC  Nov,'82
86 9° 60 June'83 D
87 10 60  June'83
g8 11 60 ‘'dune ' 83
89 12 _ 60 June'83
90 13 60 June'83
1
e 13
»

.
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Table 2., List of 135 binary tests with corresponding
test number, used for numerical analyses of 115 OTU.

-

Test number Test .

1 d ~-AMINOVALERAT
2 ACETATE )
3 ACONITATE
4 CADENINET .«
5. 5 ADONITOL

6 'AGARASE
7 ADIPATE
8 © §-AMINOVALERATE

. . —

9 o\ ~KETOGLUTARATE

. 10 " L-RHAMNOSE

" 11 'ALGINASE ‘

12 ALLANTOIN '
13 ARGININE DEHYDROI:ASE

14 L-ARGININE

15 AZELATE

16 ! £ -ALANINE -

17 BENZOATE |

18 BENZYLAMINE

19 BETAINE

20 BUTYRATE 4 ‘
21 CATALASE

22 CELLULASE



Table 2 continued ...

Tesi number

—— . . W G ST G5O T G E G S W S G G G G G — . A G S G - - . -

43
44

45

o

A

A}

CHITINASE

CITRATE

¢ )
_-~CREATINE

D~CELLOBIOSE

- D-FUCOSE -

* D-GALACTOSE

D-GLUCOSE- 5
D-MELIBIOSE
D~TREHALOSE
D-XYLOSE

ik

-120-

F

D-(~) ~TARTRATE

D-ALANINE

D-FRUCTOSE

D-GALACTURONATE

GLUCONATE -

D-GLUCURONATE

D-MANDELATE

D~MANNITOL ~—~

_ D~MANNOSE

~ D~RIBOSE
D~-SACCHARATE
D-SORBITOL
D-TRYPTOPHAN

.

-

-—
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Table 2 continued ...
Test number Test _

46 DENITRIFICATION
47 DL~ ~AMINO-BUTYRATE

48 DL-ASPARTATE

T DL~§ ~EYDROXYBUTYRATE
50 DL-GLYCERATE |
51 _. DLKYNURENATE

52 " DL-LACTATE

53 _ DIL:MALATE_ ‘ _

54 DL-NORLEUCINE '

55 ERYTHRITOL

56 . ETHANOLAMINE *

57 . ETHANOL

58 FERMENTATION
. 59 F@ORESCENCE

60 FORMATE

61 FUMERATE

62 ' ' ¢ -AMINOBUTY¥RATE

63 . GELATINASE

64 ° " GLYCEROL

65 GLYCINE

66 GLYCOLATE

b4
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| Table 2 continued ...
Test number ‘ Test

67 GLYCOCHOLATE ..
68 . GROWTH(S deg C) :
69 GRoﬁTH(as deq C)
70  __..-~GROWTH (40 deg C)
71 - HEPTANOATE
72 HIPPURATE
73 INOSITOL

74 muLIv ,
75 ISOBUTYRATE |
76 1SOPROPANOL
77 ISOVALERATE
78 _ ITACONATE
79 KYNURENATE
80  L-ARABINOSE

. 81 L~MANDELATE '

, 82 L- (+) ~TARTRATE .
83 L-ALANINE
84 DL~CITRULLINE
85 L~GLUTAMATE

86 L~HISTIDINE
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Tablé 2 continued ...

Test number " Test
T \
87 L~ ISOLEUCINE
88. L~LEUCINE
89 ' L~LYSINE ) 5 i
90- N L—kALATE»‘ ‘ i
91 S 'h-PHENYﬁALANIﬁEi ©. f'
92 . L~ORNITHINE e .
.93 L-PROLINE .
94 L-SERINE "
95 L-THEORINE ,
96 L-TRYPTOPHAN- ‘
97 - L-TYROSINE .
e 98 Lﬁcwogs :
99  LAMARINASE
100 MALONATE ~
101 M~HYDROBENZOATE . '
. MALTOSE -
MELEATE . QF.
MESO-TARTRATE
MUCATE
106 N—ACETYL~D-§LUC0NATE
107 N-BUTANQ{\ '
. Xt . |
» ' :
‘ ' <
-

Coeh .
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'I;‘able 2 continued ... | -
Test number Test ’
L s
. 108 NEACINAMIDE -
109 . ° NICOTINATE >
110 PELARGONATE .
111 OXALATE ),
112 OXIDATION - h
113 ‘ Pf?ﬂ{ﬁgﬁENZQATE‘
T4 P-HYDROBENZOATE
115% *  PHTHALATE -
" 116 . PIMELATE '
117 " PROPANOL . -
118 , PROPRIONATE
119 PUTRESCINE =~ .—
120 “PYRUVATE
121 QUINATE - o
122 ©SALICIN . N
123 ' SARCOSINE
124 SEBACATE
“125 ~9anasa“ .
126 . SUBERATE ,
127 .. SUCCINATE ¢
TN o
. \\
9

™

LA m"
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Table 2 continued .... -
L. ot
Test nqmberf - Teaté;
-“““"-—,—“"- _________________ l- _____

128 -
1130 °

e

o*

* MOTILITY , ..

* SUCROSE
LIPAGE
. VALERATE - .

. VALINE .-,

VOGES-PROSKAUSEX .’ \

4

 OXIDASE. TR

- [
AN 4 .

- "SOPIUM REQUIREMENY. .

? . . ,

* -
.
* ’ 2
- &
-
°
g -
.
v »
’ -
: .
e
\J
]
.
.
e
“
Al

—~

»
-
.
1
. . ¢
-

-=
ot
[
N r .-

W,
e
»>
.
5
I}
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Table 3: Data matrix for the numerical clasgification.

9 10-11 12 13 14 15 16 17 18 19 20

5 6 7 8

1 2°3 ¢4
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(continued...)

. Table 3
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. Table 3 (céntinued...)

3
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DT

(continued...)’

Table 3
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Table 1. List of 114 binary tests with corresponding
test number used for analyses of both
fermentative and non-fermentative OTU.

Test number " Tesgt

i ACETATE '
' 2 ADENINE -
3 aDONITOL |
~~~4~¢ ADIPATE : | e
5 & ~AMINOVALERATE \ -7
6 &-kr_:mcpum_mm e
7 L-RHAMNOSE
8 | ALGINASE
9 ALLANTOIN ) :
e . .
10 L-ARGININE (
11 AZELATE
sl 12 fA-ALANINE®
13 ' BENZOATE =~ *
14 BENZYLAMINE
A 15 BETAINE: e
16 BUTYRATE
17 CELLULASE - .
. 18 CITRATE "
* ° 19 CREATINE
20 D-CELLOBIOSE.

' - 21 D-FUCOSE
- . / .

-
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Table 1 qontinued ces

Test number Test

— . S S S S Y G S W T G e Yhe S G TS G D G Sat e PE S G G . W PN

v 22
23

. 25.

26
27
28
; 29
30
31
32
33

34
=

35
36
l37
38

" 41
42

)' . 43
| 44

DL-LACTATE

D-GALACTOSE &

D-GLUTeSE .
D-MELIBIOSE®

D~TRRHALOSE * -
P-XYLOS ‘
D-(-)-TARTRATE g
ngLgnxnz, '
D-FRUCTOSE
D-GALACTURONATE
GLUCONATE
D-GLucugouATE'
D-MANDELATE
_D-MANNITOL”
D-MANNOSE

"

. D=RIBOSE  ~°

D-SACCHARATE .
RFSORBITOL '
pL—d[-AMINO*BUTYRATE

DL~ASPARTATE e

DL-J&FHYbROXXBUTYRATq
DL-GLYCERATE,

iy

. l
DL-KYNURENATE

4 ./"' N ‘.."
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Table 1 pontidn‘ueﬂ oee - .
> R 2 , e .
Test number . ' Test

| e~d5. PL-MALATE .
46 DL-NORLEUCINE .
~x 47 ERYTHRITOL-Y
48 ETHANOLAMINE .

L

| 49 ETHANOL -

R . .51 FORMATE . ..
L . s2 Fuimmﬁrg- -. '\“"i; ;‘,.
) P 53 Y -AMINOBUTYRATE \~ :
N Y 'Gx'é:ERont,..{ R \f.‘"""'
oo G T s qnycma o ' ‘

' 56 \. GLYCOLATE .

" '57 GLYCOCHOLATE' |
* ~ _58 HEPTANOATE, . .
S 59 . HIPPURINATE
S T e e 60 NosIToL - - ..
L o 61 INULIN ¢ o
' % 62 1sosurvrate A
o 63" 1SoPRgYANOL - ¥ . b
_“..;; L Y ISOVALERATE.® -
L (657 ITACONATE © -, T

-s
xﬁ »
jv

50 .pERMENTATION - S .t [



>

5

. Table 1 continued cae
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66 KYNURENATE
6T L-ARABINOSE
68 L~MANDELATE
69 ;L—(+)—TARTRATE
"+ 70 L-ALANINE. ”
71 DL~CITRULLINE
- 72 L-GLUTAMATE

73 ' L~BISTIDINE -

-t P

e 74 'L-ISOLEUCINE

75 L-LEUCINE

‘76 - L-LYSINE -

77 L-MALATE . -

/78  L-PHENYLALANINE
79 DL-ORNIT&IN@ '
80° L-PROLINE

81 L-SERINE
N 0 >
.. 82 L-THEORINE °

<

., 83 -L-TRYPTOPHAN
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Table 1 continued ...
., Test number ' Test
86 - MALONATE .
87 , M-HYPROXYBENZOATE
88 MALTOSE . o
. 89 MELEATE ;
' 90 MESO-TARTRATE - , rt
- © 91 MUCATE
. r ' » . A ' ' .-
) . ' 92 N-ACETYL-D-GLUCONATE-. o
<: ' " 93 N-BUTANOL _
. 94 - NIACINAMIDE -
- 95 NICOTINATE \»f . o |
— o ' 96 PELARGONATE y - R
S , " —_ .
~ ' 97 OXALATE ' g ;
. prans o . | ]
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. - ’ - .
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Table 1 continued ,..
Y

Test number
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109 AMYLASE
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114 LIPASE
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Table 2‘(continued...)
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Table 2 (continued...)
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Table 3 (continued...)
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Table 3 (continued...)
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Table 3 (continued...)
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Ta%le 3 (continued...)
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Table 3 (continued...)

TEST #

52 53 54 55
+ o+
+

-

x

(|
T PR N
11+ 4+ 4+

+++ 1

- .
-

+++++ 1 +FE I+
\ <

-

+\|| + + +

R R I T B T i MR Ry

-+

|+ + +
1 (I
bt 1

)
It 111
| SO T TR B |

L+ 4+ 1 + +4+++1

1ot

)

e I I T S N T L A A
P+ + 1 '
1

[}

N

Y

11+ 1

11+ +
<

»

'
NN A
I

b+ 4+ I~ 1t

56 57 58

{
<+
+

lll'lLllll.llllllllllll+j|llhllllll+

+

- -+
- -\ +
- - -
- T T

P+ 4+ 1

#

+
- + -
+ + -
+ + +
- 4+ =
- .-+ -

1

1

LI Y |

U+ 4+ |

+ 4+ ++

(S
w
o
+ ©

0y
/ .

l'll'll+lll+lll.++_ll

-

/

B+ o+ ++1

It + 81

-

o



]

-188-

1

o =
.

-
©

-

. Table 3 (continued...)

v

¢~U -
S

(=]
o
(=4}
N
xR
wn
~
wn
o
n
73}
n
<
n
e
T3]
N
[Te)
-
n,
(=4
un
)]
<
<o)
)
r>

&

3 +
+.v+.++.+¢.+_ +.+WAT

++ 4+ + + _+.7+.*+.T+,
IR +.r. + e
AN praa +_
+++++_++_+WW__
++++4+1 ++ kA
4+t _4%++.++.*+.f
.v+.++.*+.*bf7+.v+.w+
+++F 1000
I T S T B I I T B B
‘ »
++++++F+ I+
SEEEEEE RN o+

++++ 000 LR+ +

-~

SRR ER

O O 7

PNONAONM 456792168
O OO0 ™~ Al all ol o o o i -, W, W -

[ Y R I O I |

ey +11

NEERE
b+ + + + b
"y
+ 1101 /
NERER
Lo+ o+
L J
b+ +

L1+ 4+ 0 ++++++++

L+ 0 +4++++++

B T T T O O Y

+++ 00T

! [ B |
N N N N T N S S I T |
L+ 4+ ++++
LT+ +++41
F1 1+ +++
ERRERRRP N
NNV ODAAO I
COO0OO0OODOO iV
1111111111“
iy
Ly

-

th
By e



w’

CONC

4/,

s

"

Table%fih““({:ontinued. .o )'

‘ "\
i
d

4
v
;

. -
61 62 63 64.
+ + ="+
o= -
+ .+ - -
+ = T
A - Y-
) + o+ = O\
+ o+ =Ty
- - -
- A = -
‘.- ot - -—
o+ -+
- + + ¢
- 4+ - 4
-+ - 4+
-+ -+
- 4+ - 4
- _
- + - -
- + - %
-+ - +
- + - +
- 4 - =
- = -
- + - -—
- -+ -— -
- 4+ - 4
- + - 4

A

aner

l

-189-

| -

|

TEST §
65 66 67 68.69
-+ 4+ o+ -
- - 4 8- -
- - 4 | e
e T
- - =
T
- - - —I —
- '.:ﬂ - = -
+ + + - -
+ + + - -
- - ‘+ - -
T
- e —J‘-. o=
+ -— - - -
- - - - -
+ + - = =
S
N
- - - ‘I -
S
- - - 4 -
+ 4+ - é__ -

- - -

&

LR K T IR S S A e A

RN

~
It 4+ 4+ 0

t 1L ++ 84+ 0 1

b+ 41+ 4+ + 1

1t 1 ) ¢ ¢ 91 )0

~J

L+ +++N

-

N I L

+ 4+ +

|

++++f+++'+++++++lﬂ

|+ 4+ W

-

tr 1+

++F Il ++++++++++++++FrEF )

~

4 1 1 &

I

N R N M LY N N N NPT B |

4

L+ + 1.

~J
1 1w

P 1 14+ 444 |

11 +4++++111

+++++++F+00 101

T~ 1



-190- .
- ’ ' . s
. . //7// . .4

Table 3 (continued...)

T . »
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e
.
'

65 66 67 68

l + 4+ + 4+ ++F ettt +.0

61 62 63 64 69 70 71 12 73 74

, 63 -4 =~ = = + + + + + + + +

64' - A Sl S N A + + + '+

65 - + = -- 4+ - 4+ = 4+ + + + + -~

, 68 - + - & = - - = +°4+ + + +. 4

69 - + - + - + = - = .+ = -+ + -

70 - -~ - - = - 4 = = 4 = 4+ = |-

s 12 - o = L= = 4 = f= o+ o+ o+ 4+

73 - 4+ = 4 = 2 4 e -+ = 4+

74 -, - = = - %+ 5 - 4+ = + + -

75. = 4+ + 4 = .= = =~ = 4 ~ 4 = =

76 - + - + 4+ - + = - -+ = + + -

77 - ¥ + 4+ = 44+ = = 4 =" 4 + +

78 - = = + 4+ = 4 == o+ = 4+ 4+ +

82" - - - - - .- - - - =T - -
91 - = We - = e e e e - = = = - =
96 - - - - 2t e s e - e - - -
98 = - = e e e e e - - - - - -
102 - - - '- R T T
104 el L
105 = - - = = = =« = = =0 - -
106 - = "= = - = - - +» = T 4 4 = 4
107 - = = - - - - - =T -+ - 4
108 - . - = = 4+ 4+ 4+ = = = = - 4 =
109 - = = = = 4+ 4 = = = = = = 4 = 4+
110. = = = - 4 + + - 4+ = = - 4+ - =
. 114 - = = = 4+ = = s - = = e .-
T 115 = = = - 4} 4 = = e = e g = =
BRN67 " =~ = = = = = § = =« 4 = .+ + = -
BRN117 , - - = =~ 4+ = 4+ = = 4+ = + + - +
BRN121 - + = 4+ - = = e - 4 =+ 4+ - o+
BRN133 -+ = + + - =.= =~ 4 = 4 4+ - +

.

\

.
.
-
: v’
- v .
)



Table 3 (continued...)

e+

I+

I A I I |

77 78 7

L++ vttt Fr++d i 4+ 1 +++++++++1+++++F+1+++4+

+ 4+t

L+ ++F 1 0 ++++11

-+

L R B T B |

¢t 1+ 1

TEST #

80 81 82

+++ T+ +++++r bttt bttt Al A E L+ L+

+

1L +11

-~

+ ¢t 1+

3

1

~
|

I [ T I |

e

P+
""'*""'T“Q"""'

l++3I‘II

¢

It + 4+

P+ + 1 +1
\_\‘ N

[ I R N B

- Q0
w

~

NN EEY AN

o
o
ee]
wn

+ -
-+
+ -—
- 4
+ -
+ -—
+ —

l+++++4+ 1 £ +++++1
]

1

L\

|
Q

-

(T S
o
O T S T O O T T S TN T TN S T N N T O T T T T T IS IO IO T I R

L+t + )

Tt +t

1+ 11

t+ <4+ 11

88

1t +1 1t ++<+1 11

L+ 4+ + |

I + <4+t 1

(R T B O I

| I S R |




- =192~

A
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ble 3 (continued...)
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Table 3 (continued...)
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Table 3 {(continued...)
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