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Abstract. The chlorellavort, s bacterium (Bdetlovihrio chtorellavorus Gromov and Mamkaeva 
1972) attaches to (but does not enter) cells of the unicellular green alga, Chtore/la, which is killed 
and the cell contents of  which are digested. The bacterium is pleomorphic (vibrJos 0.3/xm wide; 
cocci 0.6/xm wide), and it has a Gram-negative cell wail structure, pill, and a single, unsheathed, 
polar flagellum. Division may occur only in bacterial cells attached to algal cells, an attachment 
mediated by a pad (245 x 36 nm) of  unknown composition, Bacteria] growth occurs only in the 
presence of  live Chlorella cells, and not on various bacteriological culture media, killed Chlorella 
cells, 4 strains of Prototheca, or 24 strains of Gram-negative bacteria. The chlorellavorus 
bacterium may not require algal protein synthesis, since the bacterium grows on algae in the 
presence ofcycloheximide (30/xg/mI). Although the DNA base composition of the chlorellavorus 
bacterium (50 tool % G + C) is in the same range as Bdel/ovibrio bacteriovorus, its ultrastructure, 
developmental cycle, host range, and format of its inlermicrobial association all distinguish the 
chlorellavorus bacterium from members of the genus BdeUovibrio. 

Bdellovibrio is a genus of Gram-negative bacteria 
with several unusual properties. Chief among tbeir 
unique features are (i) a dimorphic [ife-cycie (alterna- 
tion of tiny, vibrioid, actively motile swarmers - -  
each provided with a sheathed flagellum and long, 
helical, nonflagellated cells that undergo multiple 
fragmentation and flagellar development to yield 
swarmers): and (ii) a capacity to associate antago- 
nistically with other Gram-negative bacteria by a 
swarmer's entering the periplasm of a bacterial asso- 
ciant, maturing there into the helical form, digesting 
the cytoplasm and nucleoplasm of the entered asso- 
ciant in an exquisitely regulated manner, and frag- 
menting into several swarmers, which then leave the 
ghosted remnants of the victim and initiate a new 
cycle. Details about these and other features of Bdef- 
lovibrio can be found elsewhere [10,11,12, 
13,14,15,16]. 

Four species have been assigned to the genus 
Bdellovibrio: the type species, B. bacteriovorus, by 
Stolp and Starr 1161; B. sto&ii aqd B. smrrii by 
Seidler, Mandel, and Baptist [8]: and B. chlorellavo- 
rus by Gromov and Mamkaeva [2]. It is this latter 
organism--the so-called Bdellovibrio chloretlavo- 
rus - - tha t  concerns us here. Since there is some 

question [11,13] about the generic assignment of this 
antagonistic bacterial associant [10, II] of  the unicel- 
lular green alga Chlorella vu/garis, we will generally 
use here the noncommittal vernacuLar "'chlorellavo- 
rus bacterium" to refer to this fascinating creature,  
which was isolated fl'om "a  mass culture of Chlo- 
rella from reservoirs in the Ukraine" [2]. The pres- 
ent report summarizes our initial study of the chlorel- 
lavorus bacterium, including its ultrastructure, 
morphological aspects of its associatioq with Chlo~ 
rella, recital of our vain attempts to grow the bacter- 
ium axenically, and our current notions about its 
systematic position. 

Materials and Methods 

Cultures,  The strain of  Bdel/ovibrio chlorella,'~ru.~ was received 
from B. V. Gromov.  one of its describers [21, as a " l y s a t e " - - a  
two-membmed system with Ch/orella vu&aris. We believe that 
this preparation is the "'lysate 2" of Mamkaeva  [6]: the two- 
membered sys tem has been deposited in culture collections (ICPB 
3707, NCIB 11383. ATCC 29753}. We also received from B. V. 
OEon]ov an axenic cukure of ~he same C]lr vtd,.,.,aris strain 
that was part of  the lysate, his strain 157 (ICPB 4049. NCIB 11384, 
ATCC 30821}. Chiorella vulgaris vat. viridis UTEX 396, C. pw'- 
enoiJr UTEX 1230, and C§ pyrenoi&)sa UTEX 395 were kindly 
provided by N. J. Lang. Prototheca strains 60-47.66-2.66o6. and 
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66-10 were obtained through the generosity o f  H. J. Phaff. The 
control eultm'es--Bdellovihrio #acteriovor,.~ 109D (ICPB 3454) 
and Rs associtmt Escherichia edi (1CPB 2262)--came fi'om the 
International Collection of Phytopathogenic Bacteria. 

Media and cu l t . r e  conditions. Cultures of  Chlorel/o and Pro&s- 
theca were maintained on PGY agar, which contained (wt/vol) 
[.0% Ditco peptone, I .(l~/r gtt,cose, 0.5% Diik;o yeast extract, vnd 
[,5% Bacto agar. This medium (and all others} was sterilized by 
autoclaving for 15 rain at 12 I~C. B. hacteriovorus 109D arid E. colt 
2262 were malntamed as described by ,gtarr and Stolp [ 14], The 
chlorellavortts bacteritun was grown in liquid cultt, res containing 
C. vulgaris 157 suspended in Medium 2. which contains Tris 
butler (5 mM, pH 7.1} supplemented with 0.055'4 CaCl., and 0.33~:4 
MgCI~. Medium 2 was ~Jso used as the suspending and washing 
medium, except where noted. Inoculation of 20 rnl of Chlorella 
svspension (about 0.4 mg algal dry weight pc, ml) in Medium 2 was 
with 0.5 ml of  a mature culture ( "ma tu re"  is defined here as 
marked clumping of the algae m the suspension,  a change in color 
from gross green to yellow-green, the appearance of  a large num- 
ber of  motile, vibcioid bacterial cells, and the presence of numer- 
ous  bacteria attached to the outside of almost all of the tdga] cells 
remaining in suspensionl.  Following incubation in the dark at room 
temperature (about 2&CI on a shaker at 2iX) rpm, a mature cuhnre 
is obtained in 4 to 5 days. When necessary,  bacteria were sepa- 
rated fi'om algal cells in the culture by eenlrifugafion for 5 mln at 
5,000 • :.,. followed by filtration of the supernatanl through a glass 
fiber prelilter and a 1.2-#m poae-diameter membrane  fiher 
(M iltipore I. 

Attempls to cultivate the chluretlavorus bacterium axenieally, The 
ability of  the chloreII;~vortls bacterium to grow axenically (i.e., 
apml from the Chh,'eUaJ was examined in many complex culture 
media, both solid and liquid. Most of  these weze commercial 
dehydrated media, reconsti tmed according to manuthcturer ' s  di- 
rections except that normally acidic media were adjusted to pH 
7.1. For solid media, duplicate sets of  plates were streaked with 
heavy ~uspensions of the chlorellavoru., bacterium separated ['rom 
algal cells as described above: ibr liquid media, duplicate sets o f  
flasks were inoculated wilh (I.5 ml of  the same bacterial suspen- 
sion. C. vu&arls 157 suspended in Medium 2 served as a control 
for viability of  the inocuh, m. One set was incubated at room 
temperattwe (about 24~ and anolher  set at ~0"C / liquid media 
were incubated at the same temperatures on a shaker.  After at 
least two weeks, the prepmations were scored for co(oNes or 
turbidity. 

The ability of  the chlorellavorus bacterium to grow on dead or 
disrupted cells of  C. vui~,ari.~ 157 was also exami ned  Chlorelhz 
cells suspended in Medium 2 were killed by heating at 6('FC for 10 
mill, disrupting by two o~ more fl 'eezing-aud-thawlng cycles, or 
breaking with glass beads in a Brann tissue homogenizer cooled 
with ,t continuous stream of CO=, to p~event warming. Triplicate 
preparations t'rom each ~.reatmenl were incubated with an algae- 
Dee suspension o f  the chlorellavorus bacterium on a shaker at 
room temperature in the dark, and periodically examined for 
qualitative changes in color, e tump formation, and turbidity. The 
incidence of  bacteria attached to the outsides of  cells or  to cellular 
debris, and of bacteria free in the medium, was judged qualita- 
tively using phase-contrast  or Nomarski interference-contrast 
microscopy. 

Host range, Growth of the chlorellavorus bacterium on the other 
Chloreflo strains as well as on the Protolhcca stra, ins was exam- 
ined in triplicate in the same manner  as wa~ C. wdgaris 157: the 
latter strain was always included as a control of  viability of  the 

bacterial inoc/dum. A limited survey (G. E. Buchanan and M. P. 
Start. personal communicat ion)  has  been made regarding the abil- 
ity of  heavy algae-fiee suspensions of the cNorellavorus bacterium 
to form plaques on lawns of 24 strmns of  Gram-negative bacteria 
on double layer plates of  YPSC ages/_ 14], as well as on lawns of  
Chloreflu vulgaris 157. The plaque forming ability of  B. bacterio- 
vorus 109D was tested on the same lawns. 

Growth at different temperatures. Duplicate two membered cul- 
tures in Medium 2 of the ehlorellavorus bacterium with C. v,@aris 
157 were incubated at 15, 25, 30, 37. and 4a=C on a shaker in the 
dark, and scored as described above. 

Scanning electron microscopy (SEM). Samples of  a mature cul- 
ture were prepared for SEM by the method of Marchant [7]. 
Material fixed for t ransmission electron microscopy (see next 
paragraph) also was examined by .gEM. Filters were spu~,ter- 
coated with goJd-paladium or evaporative~coated with carbon and 
gold, and viewed in a Cambridge Stereoscan Mark I1A SEM or a 
Japan Electron Optics Lid. IJEO[.) JSM-2 SEM. 

Transmission electron microscopy (TEML Using sodium cacodyl- 
ate buffer (50 mM, pH 7.1) at each step, mature cultures of the 
chlorellavorus bactelJum or axenic C. vulgari.r 1~;7 control cul- 
tures were washed with bt,ffer, suspended in 2.5% gtutataldehyde 
in buffer, and treated 30 sec later with an equal volume of2% OsO~ 
in bttfl:cr. Cells were fixed 45 min at room temperature,  washed 
three times with buffer, and mixed with an equal volume of  2c~ 
Noble ago, (Difco). The gelled agar was cut into small blocks. 
dehydrafed in a gntded series of  water:acetone,  and embedded in 
SpurFs resin. Sections were collected on Formvar-coated grids, 
stained with saturated uranyl acetate in methanol and Reyr~olds" 
lead citrate, and viewed in a JEOL 100B TEM. 

NegativeIy stained materiaI was prepared by tl~e method ~f 
Allen and Baumann [ l], using 0.5% (wttvol) uranyl acetate: some- 
times 100 /*~ml bacitracin was used as wetting agent. Some 
materi~d was fixed with le2~ formaldehyde, which preserves the 
flagellar sheath of Bde/lovibrio bacleriovonts [91 : B, bacterial'orris 
109D served as a positive control. All negatively stained material 
was viewed in a Zeiss EM-9A TEM. 

R e s u l t s  a n d  D i s c u s s i o n  

Mamkaeva [6] and Gromov and Mamkaeva [2J re- 
port that the coinoculation of Chlorelta t,zdgaris 157 
and the chlorellavorus bacterium results in the de- 
struction of  the Chlorella cell contents after 5 to 7 
days in the dark, They characterized the association 
as the clumping of algal cells, a change in color of the 
culture from green to yellow-green to gray-green IO 
colorless, fbrmation of  refl'actile bodies within the 
degraded algal cells, the presence of motile vibdoid 
bacteria attached to the algal ceils, and the death of 
all the algal cells. Our findings generally corroborate 
these findings, except for co/or changes and algal 
viability. We found a change in color fl-om grass- 
green to yellow-green or gray-green to occur regu- 
larly, but some color was always retained for several 
months if the cultures were exposed to ambient room 
light for a few minutes each day: cultures became 
colorless only if they were fttl~y exposed to ambient 
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room light. Moreover,  killing of  the algal cells was 
not complete:  some algal cells capable of  g o w t h  on 
PGY agar always persisted. We do not know the 
basis tor this discrepancy. Perhaps this residual via- 
bility stems from our use of Chlorella suspensions 
denser than tbose used by Mamkaeva  [6] (though 
comparable densities were used in some experi- 
ments),  or possibly the population contained individ- 
ual algal ceils resistant for some unknown reason to 
attack by the bacterium. The latter situation obtains 
when B. hacter iovorus  associates with its bacteriaI 
symbionts; there are always survivors that, when 
isolated and grown separately, show the usual sus- 
ceptibility to the bdellovibrios [11,13], 

Clumping of algal cells is a characteristic and 
unusual property of the association; no such clump- 
ing was ever  observed in the axenic CMorefla cul- 
tures. The process,  whicb occurs gradually, becomes 
noticeable about two days after coinoculation, when 
the eultm-e assumes a finely granular texture. This 
change is followed a day or two later by the forma- 
tion of small clumps, which may aggregate further 
into a ftoc several millimeters in d iameter- - resul t ing 
in a partial clarification of  the medium. Some of  the 
floc can be broken by vigorous shaking, but it can 
never be completely resuspended. 

Nomarksi  interference-contrast microscopy of 
the floc shows algal and bacterial cells imbedded in a 
hyaline matrix. By SEM, the matrix appears  as a 
fibrous network (Fig. la), which may be an artifact of  
drying. It is not yet clear whether production of the 
hyaline matrix is a result of bacterial metabolism, 
algal metabolism, or an [nte,'action of the two. How- 
ever, algal protein synthesis is apparently not re- 
quired for floc formation since Chforelfa cells prein- 
cubated in cyctoheximide (24 h: 30 >g/ml) still form 
clumps in association with the bacterium. 

Scanning electron micrographs (Fig. lc) show 
that the chlorellavorus bacteria are attached at nu- 
merous sites on the surfaces of the algal cells. Nega- 
tive staining, which preserves flagella, reveals that 
the bacteria usually attach to algal cells by the end 
opposite the bacterial fageilum. There appears to be 
no specificity for new or old algal cells; the bacteria 
attach to dividing or recently divided algae, as well 
as to aged algal cells. 

Thick filaments, looking like bundles of  pili in 
SEM [4], are seen between bacterial and algal cells 
in Fig. lc. In negatively stained preparations exam- 
ined by TEM (Fig. lb), the filamentous bundle is 
resolved into fibrils whose widths 16.5 n m ) - - a n d  
perhaps at tachment funct ion--a lso  are similar to 
those of pill [5]. 

In ultrathin sections (Fig. lf- i) ,  bacteria are al- 
ways connected in a subpolar orientation to algal 
cells by a discrete pad (245 nm wide and 36 nm thick) 
of  unknown composition. The texture and density of  
tile aUachment pad vary with the plane of the sec- 
tion, being either diffuse and fibrous or electron- 
dense and stratified. In some sections, no breaks are 
seen [n the outer  membrane  of the bacterial cell wall 
at the point of contact with the outer surface of the 
at tachment pad. The bacteria alone seem able to 
synthesize the pad. since it is also present when the 
chlorellavorus bacterit,m attaches to algal cell wall 
remnants.  Gromov  and Mamkaeva  [21 describe a 
similar structure, which they state is derived fi'om 
the cell wall of the bacterium. Though the ultrastruc- 
rural evidence they present suppo~ts this view, the 
structures we have observed are clearly not a widen- 
ing of the outer membrane of the bacterial cell wall. 
Other cases are known [3] of bacterial adhesion 
mediated by extracellular bacterial biopotymers,  
which also do not involve a dissolution or substantial 
modification of the bacterial cell wall. 

Complete penetration and entrance of the entire 
cell of  the chlorellavorus bacterium into the peri- 
plasmic space of  the algal cell were never observed,  
although this is the typical locus in the interbacterial 
bdellovibrio association [12]. Although the bacter- 
ium-alga association being considered here is essen- 
tially exhabitational [i0], a breach of the algal cell 
wall is suggested in some sections, where a " sp ik e"  
of  electron-dense material of unknown composit ion 
and function, penetrating the algal ceil wall and push- 
ing in the cytoplasmic membrane,  can be seen (Fig. 
li). In this case, the spike crosses two layers of  algal 
cell wall (walls of parent and progeny ceils); such 
behavior may have a bearing on the apparent lack of  
preference by the chlorellavorus bacterium for algal 
cells of  a particular age or developmental  state. 

The harmful effects of the chlorellavorus bacter- 
ium on Chtore/la, observed at the macroscopic level, 
are fully substantiated at the ultrastructural level. 
Comparison of sections of  axenicaUy grown algae 
(Fig. ld) with sections of  algae from a mature lysate 
(Fig. le) shows that the latter are almost  devoid of 
cytoplasmic contents and contain only membranous  
s t ruc tu res - -p resumably  remains of o rgane l les - -and  
large vacuolate areas. Some of these membranous  
structures may correspond to the '~peripheral vacu- 
oles"  described by Gromov  and Mamkaeva  [2] as 
being present in Ryter-Ketlenberger fixed material. 
We have examined the effects of  three other fixation 
procedures (including the one Gromov  and 
Mamkaeva  used). We have found that the Ryter- 
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Fig. 1. The association between the chlovellavorus b~,c~erium ("Bdellovihrio'" ch/orellavorus) and Cldorella vul~aris 1~;7. (~) Clumps of 
Chl~,relht vulgaris 157 and chlore[lavovus bacteria embedded in a matcix. SEM; evaporative coated: 12.4-~m field width. {b) Thin fibJils 
[like pill) near two bacterial cells: the thicker fibrils ave flagella. Negatively st~dned: bar indicates 0.25 /~m. Ic) Chlore[lavovus bacteria 
attached ~o C/doreil~ vttlL,~tJJs [57. Note pleomovphism of  bacte~ial cells, short fibrils between bacteria and be{-ween bacteria a~Ld algae. 
SEM: sputter coated: I 1.3-,um field width. Id) Section of axenic Chl~,ella vulgaris 157 with chloroplast containing starch grains IS). 
,lueleus (NI, and mitochondrion [MI. Bar indicates 0.25 p.m. re. f. g, h) Sections o1" chlovellavorus bacteria a~taehed to Chlorellu ~'ulgaris. 
Note subpolav at tachment pads of bacteria If. g). Contrast  degraded algal cytoplasmic contents  (e,~ with axenie control (d). Note Gram~ 
negative cell wall structure in dividing cell tb). Bm-s indicate 0.25 k'-m let. 0. I /~m If), 0.1 ~na lgk and 0.25 ~m Ih). (i) Section of Chlorelit~ 
vulgc~ris [57 and detached chlorellavort,s bacteria: nttachmenl pads remain on algal cell wall {top left and bottom right}. -Sp ike s "  of  
electro, n-dense material ex~end fiom ~l~e pads th[ough two layers of  algal cell wa[~ ro the plasmalemma.  Bar indicates 0,1 ~'.m. 
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KeIlenberger fixation results in more extensive vac- 
uole formation than the procedure reported here, 
which provides what we believe to be the most 
accurate representation of the eeflular organization. 

Though the destruction of the algal cell contents 
appears massive, breakage or lysis of the algal 
cel ls-- in the strict sense that the walls are dis- 
rup ted- -never  occurs. Mamkaeva [6] reported 
seeing ruptured algal cell walls, but these are proba- 
bly nothing more than the empty parental walls that 
result from normal cell division in Ck/o.rel/a. 

The cell wall ultrastructural type and mode of 
division of  the chlorellavorus bacterium are those 
typical of Gram-negative bacteria (Fig. Ih). Cell 
shape and width vary with the life cycle. Unattached 
celIs range from vibrios to stout, curved rods (about 
0.3-0.5 p+m wide). Bacteria with similar shapes are 
seen attached to algal cells (Fig. lc ,e-h) ,  bu t - - in  this 
associative locus-- the  bacterial ceil shapes range 
from vibrios (about 0.4/xm wide) to cocci (about 0.6 
/xm wide), illustrating the morphological changes 
that occur during cell division. Some unattached 
dividing cells are occasionally seen, but these were 
apparently dislodged during preparation. We believe 
that the chIorellavo,'us bacterhtm grows and divides 
only when attached to an a~ga[ cell, probably because 
Cklore/kJ provides the only source of bacteria[ nu- 
trients in the nonnutritive medium used. Though 
Gromov and Mamkaeva [2] speculate that com- 
pounds may be released into the medium as algat 
degradation proceeds, they cite the work of others 
who had noted that soluble nitrogen-containing corn 
pounds do not increase under these conditions. 
Hence, there may be inst,tIicient leakage of nutrients 
from the algae to support development of unattached 
chlorellavorus bacteria. 

Extracellular appendages of the chlorellavorus 
bacterium include the fibcils mentioned above, and a 
single unsheathed polar flagellum. In well-preserved 
specimens, the shape of the flagellum approximates a 
damped sine wave. and it is about 15 nm wide {Fig. 
Ib). The flagellum is presumably fragile, since it is 
seen most often in a broken or irregular state. This 
fragility may be related to the observation that the 
bacterium is a rather clumsy swimmer. It rarely 
moves in straight lines, but mostly "'twiddles" 
about-- though oftentimes vigorously. Two other fla~ 
gellar shapes have been illustrated: flagella with a 
regular (not damped) periodic structure [6]. and a 
distorted flagellum [2]. In this connection, two differ- 
ent lysates (strains?) of the chlorellavorus bacterium 
are known [6], and the two may have different flagel- 
lar stntctures. The cited authors did not identify the 

lysate number of  the material on which their micro 
graphs are based', hence, we do not know whether 
they used the lysate 2 described by Mamkaeva [6] 
r we assume we did). Hence, the discrepancies 
between our respective micrographs may simply re- 
fleet differences between the bacteria, including the 
fragility of the flagella, in the two lysates. 

]'hough the shape of the flagellum of the ch[orel- 
lavorus bacterium resembles that of Bdellol,ihrio 
bacterium'orris [9], its width is narrower, reflecting in 
part the lack o fa  flagellar sheath. That the absence of  
a sheath might be a preparative artifact was investi- 
gated using formaldehyde as a fixative [9] and B. 
]yacteriot'orus 109D as a positive control. Though a 
flagellar sheath [9] is commonly seen in preparations 
of Bdelkn,ihrio. none has ever  been observed in the 
chlorellavorus bacterium: we always observed 
sheaths in the B. h,cteriororus 109D culture run at 
the same time. 

Mamkaeva [611 reported that the chlorellavorus 
bacterial lysate 2 was able to cause degradation 
("lysis")  of 25 out of  the 48 CMorel/a strains tested, 
but that it was unable to degrade cultures of other 
eukaryotic algae or the cyanobacterium, Am~r3'stis. 
We have observed growth of  the chlorellavorus bac- 
terium on suspensions of all of  the ('/llorelh~ strains 
we examined, but not on the 4 IJrotvtkeca cultures. 
The chlorellavorus bacterium did not form plaques 
on the lawns of the 24 Gram-negative bacteria on 
which B. bacteHo~'orus 109D did form plaques: 
moreover, neither the chlorellavorus bacterium nor 
B. hacteriororns 109D forms plaques on lawns of  C. 
~'ul~,mi.~ I57 (G. E. Buchanan and M. P- Starr, per- 
sonal communication). In fact, despite repeated at- 
tempts, we have never observed the plaque forma- 
tion by the chlorellavorus bacterium on Cklore/la 
lawns reported and illustrated by others [2,61. 

The chlorellavorus bacterium is unable to grow 
on any of the numerous solid or liquid complex 
media we have tried. Simile-results  were reported 
by Gromov and Mamkaeva [21, including lack of 
growth on boiling-water extracts or heat-killed cells 
of C. i'ulx, oris 157. We have found, moreover,  that 
neither heat-killed cells of C. rutgaHs 157 nor algal 
cells killed by freezing-and-thawing or by breaking 
with glass beads support growth of the chlorellavo- 
rus bacterium. No substances toxic to the chlorella- 
rufus  bacterium seem to be released after such 
breakage of the algal cells, since the addition of  live 
algal cells Io such preparations permits renewed 
growth of  the chloreltavorus bacterium. Thus, de- 
spite our elTorts at axenic cultivation (only partly 
summarized heret, it appears that the chlorellavorus 



64 CV~a~N C M[Ci~O]~tOLOC,u Vot. I (197g) 

bacter ium can at present  be grown only symbiot i-  
cally [10,11] i.e.. in associat ion with live cells of  

certain C h / o r e l l a  strains. In this connec t ion ,  we have 
found growth of the two-membered  culture to occur  

at 15, 25, 30, and 37~ but not at 44~ At 44~ 
most of the algae are dead; hence,  the lack of bacte- 
rial growth might be related either to tempera ture  per 
se or, more likely, to lack of  the viable algae for 
which the chlorel lavorus bacter ium seems to have an 
obligate requirement .  

This need for viable algae suggests that algal 
metabol i sm may be required for bacterial develop- 
ment.  However ,  cycloheximide at sufficient concen-  
tration (30/zg/mi) to complete ly  inhibit  algal growth, 
has no noticeable effect on growth of the chlorellavo~ 
J-US bacter ium. Residual protein synthesis  in the pres- 

ence o fcyc lohex imide  [ 17] might satisfy some bacte- 
rial needs,  but there may be an addit ional 
requi rement  for intact algal cells (which seques ter  
pools of preexist ing metaboli tes)  ot  algal storage 
products  (which the bac ter ium consumes) .  The chlo- 
rcl lavorus bacter ium seems not to need whole algal 
cells lot  a t t achment ,  since the bacteria will com- 
monly  attach to r emnan t s  of algal cell walls. 

Our  present  opinion about  the systematic  posi- 
tion of  the chlorel lavorus bacter ium is that it proba- 
bly is not a m e m b e r  of the genus Bdeilovibrio Stolp 

and Start  t963. Although the DNA of the chlorella- 
vorus  bac ter ium conta ins  50 tool % G + C (M. 
Mandel.  personal  communica t ion) ,  precisely in the 
range of B, / )ac t e r iovorHs  [8], the lack of the typical 
B d e l l o v i b r i o  d.e . ,  vibrios <-----> large helices) di- 
morphic life cycle in the chlorel lavorus bacter ium, its 
unshea thed  flagellum and ch, msy motility, its inabib  
ity to associate  antagonist ical ly  with other  Gram- 

negative bacteria,  its seemingly obligate requi rement  
for live C h l o r e l t a  ceils, and its essential ly extracellu- 
lar (exhabitationa[) locus vis-it-vis the alga all speak 
lkw a lack of relat ionship to the bdellovibrios.  
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