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Abstract. Eleven marine luminous isolates, which could not be identified with previously studied 
species of  luminous marine bacteria, were subjected to an extensive characterization. The results 
indicated that these strains were phenotypically similar, had a G + C  content in their DNA of 45 
mol%, and differed from all previously characterized luminous species by their inability to ferment 
sugars. On the basis of these and other properties, the 11 luminous strains were assigned to the 
genus A lteromonas and given the species designation A. hanedai. Strain 281 (ATCC 33224) has 
been designated as the type strain of  this new species. 

Bacteria able to emit light are common in the marine 
environment  [5,6,13,14]. This property has been 
found in the marine species Beneckea harveyi, B. 
splendida biotype I, Photobacterium fischeri, P. logei, 
P. phosphoreum, and P. leiognathi [2,4,18,19,20]. A 
simple set of  diagnostic traits has been devised for 
the identification of these species [2,17] which has 
been recently applied in a number of  ecological stud- 
ies [15,20,21,221. An additional property, useful in 
distinguishing species of Photobacterium from Ben- 
eckea, is the decay kinetics of light emission by luci- 
ferase. Species of  the former genus have "fast" decay 
kinetics while those of the latter genus have "slow" 
decay kinetics [I 3,14]. During a routine screening of 
the numerous marine luminous isolates conducted 
over  the past several years, two of  us (K.H.N.,  
B.M.T.) found a number of  strains having luciferase 
kinetics similar to that of  species of Photobacterium 
which, however, on the basis of a limited set of  diag- 
nostic traits could not be accommodated into any of  
the previously described marine luminous species. 
The present report is a characterization of  these 
strains which are shown to constitute a new species 
differing from other species of luminous bacteria by 
the inability to ferment sugars. 

Materials and Methods 
The I I strains characterized in this study were isolated from the 
following sources: strain 28 i (Arctic sediments), 282 and 283 (sea- 
water in the Antarctic), strains 284-291 (Sannieh Inlet, British Co- 
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lumbm, Canada, from depths of 10~220 m). The methods used 
for the phenotypic characterization of  strains have been described 
in detail 14,6,18]. Since aII strains required organic growth factors, 
the nutritional spectrum was determined in media supplemented 
with 0.05 g/titer yeast extract and 0.05 g/liter tryptone and exam- 
ined alter 3, 5, and 7 days of incubation at 15~ Tests for chiti- 
nase production were incubated for 14 days, after which lime the 
colonies were gentry washed off to better detect the zones of  clear- 
ing. Samples were prepared for electron microscopy as previously 
described [l]. The mol% G+C content of DNA was determined hq 
duplicate by CsCI density gradient centrifugation [15]. 

Resul t s  and Di scuss ion  

Morphology. All of the 11 strains were motile straight 
rods (Fig. 1) which when stained for flagella by the 
Liefson method I6] were found to have a single polar 
flagellum (Fig. 2). An electron microscopic examina- 
tion of  three isolates indicated that the polar flag- 
ellum was not surrounded by a sheath (Fig. 3) of the 
type found in species of Beneckea [1]. None of  the 
strains accumulated poly-/3-hydroxybutyrate as an 
intracellular reserve product. 

General physiological properties. All strains were 
oxidase positive and reduced nitrates to nitrites but 
not to nitrogen gas. None were able to grow on a 
minimal medium containing 0.1% potassium acetate, 
0.1% L-glutamate, and 0.1% L-alanine. If this me- 
dium was supplemented with vitamin-free casein hy- 
drolysate and 50 rag/liter of  L-tryptophan, L-methi- 
onine, and L-eysteine, 5 of the I 1 strains were able to 
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Fig. i. Phase-contrast micrographs of Alteromonas hanedai strain 
281 in exponential phase of growth. Marker represents 5 ttm. Fig. 
2. Lie/son flagella stain of strain 2gl. Marker represents 5 #m. Fig. 
3. Electron mierograph of strain 281, negatively stained. Marker 
represents 1 gin. 

grow, Al l  o f  the  s t ra ins  grew in  the m i n i m a l  m e d i u m  
s u p p l e m e n t e d  wi th  0.1% yeast  extract ,  whi le  n o n e  
grew in this  m e d i u m  if  the s o d i u m  ion  in  the sea- 
wa t e r  base  was r ep l aced  by  e q u i m o l a r  a m o u n t s  of  
po ta s s ium.  Al l  s t ra ins  grew at 4 a n d  20~  n o n e  grew 
at 30~  

T h e  ab i l i ty  to f e r m e n t  o -g lucose ,  o-ga lac tose ,  
a n d  N - a c e t y l g l u c o s a m i n e  was tested in  two m e d i a  
(F-1 a n d  F-2)  wh ich  have  b e e n  p r ev ious ly  desc r ibed  
[4,6]. In  F-1 m e d i u m  (which  was  sealed by m e a n s  o f  

a n  aga r  p lug)  no  v is ib le  g rowth  was  a p p a r e n t ,  the  p H  
af te r  7 days '  i n c u b a t i o n  be ing  e i ther  u n c h a n g e d  or  
dec reased  b y  up  to 0.25 p H  uni ts .  In  F -2  m e d i u m  
(which  c o n t a i n e d  th iog lycola te  b u t  was  no t  sealed)  
g rowth  was  vis ib le  o n l y  o n  the surface  b u t  no t  in the  
a n a e r o b i c  por t ion .  T h e  p H  after  7 days '  i n c u b a t i o n  
was  u n c h a n g e d  o r  i nc rea sed  by u p  to 0.3 p H  uni ts .  
T h r e e  s t ra ins  were also tested for g r o w t h  in  F -2  me-  
d i u m  i n c u b a t e d  u n d e r  a n  a t m o s p h e r e  o f  90% N2 a n d  

10% CO2 wi th  n o  v is ib le  growth.  W h e n  tested u n d e r  
s imi la r  c o n d i t i o n s  species o f  B e n e c k e a  a n d  P h o t o b a c -  

Table 1. Nutritional propenies ofAtterornonas hanedai. ~ 

Traits 

Phenotype of 

Type strain 
ATCC Species 
33224 (1 l strains) 

Amylase - - 
Lipase + + 
Gelatinase + + 
Chitinase + + 
Algi nase - - 

o-Ribose + 9 
O-Glucose + 9 
o-G alactose + 9 
o-Gluconate - 2 
N-Acetylglucosamine + + 

Acetate + + 
Propion ate + + 
Butyrate + + 

Caproate + 3 
Heptanoate + 3 

Caprylate + I 
Pe[argonate + 3 
Caprate + + 
DL-G lycerate + + 
Citrate - 1 

Pyruvate + + 
Glycine + + 
L-a-Alanine + + 
o-a-Alanine - 2 
L-Serine + + 

L-Threonine + + 
L-Leucine + 3 
L- [soleucinc + + 
L-Aspanate + + 
L-Glmamate + + 

t-Tyrosine - 8 
Putrescine + + 
Spermine + + 

+, All strains positive; - ,  all strains negative; numbers indicate 
number of positive strains. The following compounds did not sup- 
port growth: D-xylose, L-arabinose, L-rhamnose, D-mannose, Or 
fructose, sucrose, trehalose, maRose, cellobiose, melibiose, lactose, 
saticin, glucuronate, galacturonate, isobutyrate, valerate, tsovale- 
rate, malonate, succlnate, fumarate, glutarate, DL-malate, L-(+)- 
tartrate, OL-fl-hydroxybutyrate, DLdactate, aeonitate, erythritol, 
mannitol, m-inositol, adonitol, glycerol, propylene glycol, ethanol, 
n-propand, benzoate, p-hydroxybenzoate, phenylacetate, quinate, 
,8-atanine, L-valine, L-tysine, t-argimne, L-ornithine, L-citrulline, 
y-aminobutyrate, &aminovalerate, L-histidine, L-proline, L- 
phenylalanine, betaine, sarcosine, hippurate. 

t e r ium grew well  t h r o u g h o u t  the  m e d i u m  a n d  low-  
e red  the p H  f rom 7.5 to a va lue  be low 5.5. 

M o l %  G + C .  T h e  G + C  c o n t e n t  o f  the  D N A s  f rom 
s t ra ins  28I ,  282, 283, 284, a n d  287 was  46.4, 45.4, 
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T a b l e  2.  P r o p e r t i e s  d i s t i n g u i s h i n g  A t t e r o m o n a s  h a n e d a i  f r o m  o t h e r  s p e c i e s  o f  A l t e r o m o n a s . "  

T r a i t s  ( 1 1 )  h ( 2 t )  ( 2 5 )  ( 1 8 )  ( 8 )  ( 3 )  ( 1 6 )  ( 3 )  ( 4 )  ( 3 3 )  ( 1 7 )  

M o l %  G + C  c o n t e n t  o f  D N A  4 5  4 6  4 3  4 3  4 3  4 7  4 2  4 2  41  4 7  4 8  

S t r a i g h t  r o d s "  + + + + - + + + + - + 

R i n g  c l e a v a g e  d . . . . . .  N D  e - - m m 

O x i d a s e  + + + + + + + + + + - 

L u m i n e s c e n c e  + . . . . . . . . . .  

G r o w t h  a t  4 ~  + - 2 - 4 - N D  - + - - 

G r o w t h  a t  3 5 ~  - + 2 1  g - + + 1 - + + 

G r o w t h  a t  4 0 ~  - 15 . . . . .  l - + - 

O r g a n i c  g r o w t h  f a c t o r s  r e q u i r e d  + - 6 + + + N D  + + - 

A m y l a s e  - 1 9  4 + 5 + 15 + + - - 

G e | a t i n a s e  + 2 0  + + + + + + + - - 

L i p a s e  + + + + + + + + + - - 

A l g i n a s e  - 3 - + - N D  N D  N D  - - - 

C h i t i n a s e  + - 16  - + . . . . . .  

D - M a n n o s e  - - 2 1  [ 2  - + - + + 2 9  + 

D - G  a l a c t o s e  9 + 5 + - - -  N D  - -  - -  1 | 1 5  

S u c r o s e  - + 2 3  + + . . . . .  i 

C e l l o b i o s e  - + - 9 . . . . . .  14  

M e ~ i b i o s e  - 2 0  - + - N D  N D  N D  - - - 

L a c t o s e  - + l + . . . . . . .  

S a l i c i n  - + . . . .  N D  . . . .  

D - G l u c o n a t e  2 1 8  1 - - - N D  - - + + 

N - A c e t y l g l u c o s a m i n e  + 7 2 3  - + N D  N D  N D  + - 1 5  

S u c c i n a t e  - - -  + - + - N D  - - + + 

F u m a r a t e  - - + - + - N D  - - + + 

D L - L a c t a t e  - 16  2 - -  - -  - -  N D  - - + 1 6  

D L - G l y c e r a t e  + + - -  - -  - -  N D  N D  N D  - 4 - 

C i t r a t e  I - 21  1 7  - - N D  - - + + 

A c o n i t a t e  - - 21  1 7  - N D  N D  N D  - + 1 6  

E r y t h r i t o l  . . . . . .  N D  - - - + 

M a n n i t o l  9 I 1 + . . . . .  + + 

G l y c e r o l  - + . . . . . . .  + + 

- r - A m i n o b u t y r a t e  . . . . .  N D  N D  N D  - + 1 6  

L - T y r o s i n e  8 1 8  2 3  + + N D  N D  N D  + - - 

P u t r e s c i n e  + . . . .  N D  N D  N D  N D  + 1 5  

S a r c o s i n e  + . . . .  N D  N D  N D  - + + 

S o r b i t o t ,  o L - m a [ a t e ,  r t - k e t o g l u t a r a t e ,  - . . . . .  N D  - - + + 

m - h y d r o x y b e n z o a t e  

P i g m e n t a t i o n  ~ '  - - - - + ~  + ~  +~ -I d - - 

+ ,  A l l  s t r a i n s  p o s i t i v e ;  - ,  a l l  s t r a i n s  n e g a t i v e ;  n u m b e r s  i n d i c a t e  n u m b e r  o f  p o s i t i v e  s t r a i n s ;  n u m b e r s  

r e p r e s e n t s  8 0 %  o r  m o r e  o f  t h e  s t r a i n s .  D a t a  f r o m  t h i s  s t u d y  a n d  r e f e r e n c e s  [ 3 , 6 , 7 . 9 , 1 0 , 1 1 , 1 2 , 1 7 ] .  

b N u m b e r  in  p a r e n t h e s e s  r e f e r s  t o  n u m b e r  o f  s t r a i n s  s t u d i e d .  

+ ,  S t r a i g h t  r o d ;  - ,  c u r v e d  r o d s .  

a M e c h a n i s m  o f  a r o m a t i c  r i n g  c l e a v a g e  b y  s p e c i e s  c a p a b l e  o f  g r o w t h  o n  a r o m a t i c  c o m p o u n d s .  

N o t  d e t e r m i n e d .  

f S o m e  s t r a i n s  u p o n  i n i t i a l  i s o l a t i o n  p r o d u c e  a d i f l h s a b l e  b r o w n  p i g m e n t  o n  c o m p l e x  m e d i u m .  

P r o d i g i o s i n .  

h V i o l a c e i n .  

L e m o n - y e l l o w ,  n o n c a r o t e n o i d  p i g m e n t .  

J O r a n g e ,  n o n c a r o t e n o i d  p i g m e n t .  

i n  b o i d f a c e  i n d i c a t e  t h a t  t h e  n u m b e r  
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Fig. 4+ Numerical analysis of phenotypic properties of species of 
A lteromonax. 

44.9, 44.9, a n d  44.4 moi%,  respec t ive ly ,  wi th  a m e a n  

v a l u e  o f  45.2 ___ 0.8 mol%.  

T a x o n o m i c  a s s i g n m e n t s  and n u t r i t i o n a l  ana lys i s .  T h e  

m o r p h o l o g i c a l  p roper t i e s ,  too l% G + C  con ten t s  o f  the  

D N A s ,  as wel l  as the  r e q u i r e m e n t  o f  s o d i u m  ion  for  

g r o w t h  ind ica t e  tha t  the 1 ! l u m i n o u s  isolates  h a v e  

p rope r t i e s  o f  the  p r ev ious ly  desc r ibed  genus  Altero- 

monas [3,6]. T h e  resul ts  o f  a n u t r i t i o n a l  s c reen ing  o f  

these  s t ra ins  ind ica t ed  c o n s i d e r a b l e  p h e n o t y p i c  s imi-  

la r i ty  ( T a b l e  I). W h e n  these  d a t a  a l o n g  wi th  those  

f rom six p r e v i o u s l y  c h a r a c t e r i z e d  species  o f  Altero- 

monas [3,7,17] were  s u b j e c t e d  to n u m e r i c a l  ana lys i s  

[4], t he  resul ts  p r e s e n t e d  in Fig .  4 were  o b t a i n e d .  T h e  

l u m i n o u s  isola tes  were  p h e n o t y p i c a l l y  s imi la r  a n d  

d i s t inc t  f rom o t h e r  species  o f  Alteromonas, j u s t i f y i n g  

a n e w  species  des igna t ion .  W e  p ropose  to n a m e  this  

species  A Iteromonas hanedai in h o n o r  o f  Y a t a  H a -  

neda ,  a J a p a n e s e  b io log is t  w h o  has m a d e  n u m e r o u s  

c o n t r i b u t i o n s  to o u r  k n o w l e d g e  o f  t he  b io logy  o f  b io-  

l u m i n e s c e n c e .  S t ra in  281 has  b e e n  d e s i g n a t e d  as t he  

type  s t ra in  a n d  depos i t ed  in the  A m e r i c a n  T y p e  Cu l -  

ture  Co l l e c t i on  ( A T C C  33224). 

T a b l e  2 gives  the  d i agnos t i c  p rope r t i e s  d i f fe ren-  

t i a t i ng  A. hanedai f r o m  o the r  species  o f  Alteromonas. 

Since  the re  is c o n s i d e r a b l e  in teres t  in t he  e c o l o g y  o f  

t he  m a r i n e  l u m i n o u s  bac te r ia ,  it is a lso  use fu l  to dif-  

f e r en t i a t e  A. hanedai f rom o t h e r  l u m i n o u s  species  o n  

the  basis  o f  t rai ts  o t h e r  t h a n  f e r m e n t a t i o n .  F o r  this  

pu rpose ,  we h a v e  c o m p i l e d  T a b l e  3. S ince  seve ra l  o f  

the  l u m i n o u s  bac t e r i a  p re fe r  lower  t e m p e r a t u r e s ,  it is 

a d v i s a b l e  tha t  in  eco log i ca l  s tudies  the  in i t ia l  in-  

c u b a t i o n  be  c o n d u c t e d  a t  15~  T h e  n u t r i t i o n a l  

s c r e e n i n g  can  a lso  be  p e r f o r m e d  at this  t e m p e r a t u r e  

w i t h  m o s t  o f  t he  tests scored  af te r  3, 5, a n d  7 days  o f  

i ncuba t ion .  

Table 3. Some distinguishing properties for identifying 
luminous species of A lteromonas, Photobacteriurn. and Beneckeaf 

Traits (11) ~ (79) (30) (12) ( l l)  (85) (4) 

Mol% G+C content in 
DNA 

Peritrichous" 
Sheathed polar flageIla u 
Number of polar flagella d 1 
Curved rods ~ 

Yellow-orange pigment 
Poly-fl-hydroxybutyrate 

accumulation 
Arginine dihydrolase 
Luminescence 
Fermentation of D-glucose 

Gas from D-glucose 
fermentation 

Production ofacetoin and/or - 

45 42 43 40 40 46 46 

7 3  - -  

+ + + + 

i 3 1-3 2.-8 2-8 | i 
I 1 1 - + 

+ + 

+ + 

+ + + + lfl 61 + 
- -  + + + + + + 

- 7 1  2 

71 15 
diacetyl 

Growth at 4~ + 75 + - 1 
Growth at 30~ - 67 + I1 - + + 
Growth at 35~ 28 8 - + 3 

Amylase --J - + + 
Lipase + - 24 l I 9 + + 
Gelatinase + - -~ I - 84 + 
Maltose - 78 - 11 + + + 
Cellobiose 1 ! + + + 

t)-Gluconate 2 68 + --I g0 84 I 
D-Glucuronate -- 41 + + 
Acetate + -- 25 79 3 
Propionate + + + 
DL-Lactate -- t 3 + + + 

a-Ketoglutarate 1 84 + 
Mannltol I I 10 + + 
o-a-Alanine 2 - - --1 - 84 + 
L-Tyrosine 8 + + 
Putrescine + 
Spermine + 

"+,  AIi strains positive; - ,  all strains negative; numbers indicate 
number of positive strains; boidface numbers indicate that the 
number represents 80% or more of the strains. Data from this 
study and references 12,6,18,19,201. 
b Number in parentheses refers to number of strains studied. 
c Strains having unsheathed peritrichous flagella in addition to a 
sheathed polar flagellum when grown on solid medium. 
a Determined in liquid medium, 
" +, Alf curved rOdS; --, all straight rods; numbers indicate number 
of curved rods, 
f A few strains of P. fischeri have been found to be positive for this 
trait I8,22]. 
g Some strains of P. leiognathi have been found to be positive for 
this trait 121l. 
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