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Cohabltatlon of Lezsbmama

~ amazonensis and Coxiella bumetzzf

‘Michel Rabinovitch and Patricia Sampano Tavares Vetas’

© T ellalae pathogens often
: :mpme mmgumg vari-

ations on ‘the séript of
nurmal postphagocytic events
and control the fusion compe-
tence of the vacuoles they oc-

Intracellular pathogens customize the

composition and fanction of the vacuoles

they occupy, and ‘can arrest or distort
vacuolar matvration. In doubly infected
cells, vacuoles that contain two different
" parasites can be used to test for

cupy', Pacaditex g vacu-
oles can display phenm) pes
‘that restrict or permit fusion,

but"the pathogen signals waat

dictate vacuolar phenotypes
in. most cases “have not becn

o ferent prokaryotnc and/or eu-
karyotic pathogens have rarely

excll ry meck for exp
. of vacuolar phenotypes that permir or
n:smct fusion, and for the survival
of p geted to an
ccllu!nr compartment,

M R:x(mwwlclx s the Iulmratory of Cellufar

bby molecules rcleased bv the
‘pathogéns.

. Coxiella burnetii is a highly
infective, spore-forming bac-
terium transmitted by aerosol
from animals to man®. This
organism, not yet grown in a
pure_culture, was resporisible
tor outbresks of Q- fever later
traced to infected sheep brought

-into the laboratory. We have

uséd: an- attenuated phase I
strain of C, burnefii, derived by

Cells dually mfected with dif- '
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itial transfer of infective

bacteria in avian cggs. Phase 1T
‘organisms infect cells in culture

‘been reported in the Titerature
"'(Box 1}, 'We found that, by s -
uitable choice of organisms, it

S possxble to construct ‘doubly infecied vacunles drm,
* at leastiemporarily; shelter two dlfferemorgamsms The
* . firstdoubly infecred vacuoles coritained the rickertsia
. Coxjella burnetii and the protozoan flagellate Leish:
-mania amazonensts, organising that normally live within

el

. Husion- -permissive vacuoles (Fig. 1), We.also obtained °

.. - doubly ‘infected vacuoles in which, C. burnetii 'was
-associated. with Trypanosoma, cruzi or. w:(h Mwo-
‘bdcteriem awu X
5

o Fus&cmwne partner vaemnes

Lox:ella !mmcm and L: amazonensis both mhabtt fu!
, prelysosomal or phagalysosome:fike
acuoles™; It.is not known if fusion of these vacioles
vith lywsomeé teqmrcd for wwwaimxs upregu!aned By

hmmn(e prockuax rockefoller.edi

-infected clls

but are not virulent for labora-
‘tory animals, nor do they revert -
‘to phase I Neverthelcss, safery: -
regulauons requ\re levcl 3 containment for both phases
of:C. burnetii, a stricture that helped to keep the organ- .

-asmas the *Sleeping Beauty® of intracellular infeétion.
. Indeed; among the 652 C. hurietii entries in Medline
. inthe last 30 years, only 24 deal, and often peripher-

ally, with the biology of C.-burnetii-infected cells.

* Leishmania amazonensis and'C. burnetii have com- -
mon features thar make them useful partriers in dually -
. (1) Different cell types can be e{fmentlv

infected in-vitro and develop large vacuoles contain-

* ing numergus organisnis: (2) Infected, son-replicating

cells survive for severai days or more, and cell lives
.(3 )The organmms thris




phagocytic vacuoles. 3
ersis or €. burnetii appear.to finction as lysosomal
traps; in hoth cases, host cells are depleted’o{ second-
ary lysosomes™. Vacuoles contaiing L. amazon-

ensis, because they stain for the GTP-binding protems i

Rab7 and Rah9, are thought to ‘be prcl"sasomcs
Recently, hmvever Rab7 was founa *
fation of lysosomes in normal cells'®. It is likely that
L.-amazonensis-containing vacaoles enlarge by fusion
with endocytic vesicles without balanced membrane
retrieval. Fusion betweer L.-amazorensis-containing

vacpoles has been recorded; 2lbeir uncommonly, in-
¢infecied macrophage cul-’

time-lapse tovie sequences
tures (M, Pouchelet, pers. commun}.

jacuoles containing L. anazoin-

_organism with no
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:Bok 1. Dual infection; coinf ‘ and'k infect)

Applied to cells; ‘dua . infection” and ‘coinfe tion” dencte infection
with two different pzifiogens, genus, strains or. stages of the came -
:ofication on.timing. Superinfection impiies [wu'
successive rounds of infection with the same or a different crganiz.
Cells in culture hzwe been oftén coinfected with 3 virus {HIV. or cylo-
megslous virus) and 3 resviral pethiogen (e.g. Mycobacterium avium,
Leishmania spezies. Tox.plasma gondii; (see, for example, Ref, 2).
Howeéver, we ¢ ’y encountered two reports of cells doubly in(ected with

R e

Far less is known about C. -bunetii-
containing vacuoles’. The membranes
of these vacuoles stain' prominently
for CD63, a'lysosomal marker, bur
not for transferrin receptors, found in
early endosomes {S. Paul, pers. com-
mun.). ln contrast to L.-amazonensis-
containing vacuoles, the latge vacuoles
containing C. bursetii appear to arise
by the fusion of smaller vacuoles™

Games vacuoles play with inert
partinles

Our cohabitation expenmen[s came
as a sequel to'studies of the kinetics
and selectivity of transfer of imert
particles to vacuoles occupied by'L:
amazonensis o C. buretii'>, Fusion
was inferred by observing the co-
localization of particles and parasites.
We found that L.-amazonensis-con-
taining vacuoles in macmphagcs fuse
with' phagosomes containing yeast-
derived particles, but, rather surpris-
ingly, not with \mmunoglobulm G-
coated erythrocytes or larex beads.
Fusion: is” probably. dictated by the.~

“nature of th receptors that recognize

“the particles, the signals being encoded
in the receptor’s cytosolic domajss; the -
pessistence of the signals may depend
on'the tate of degradation of figands

cand receptors in the: vacuolaren-" ",
vironment'. Vacuoles containing, L.

. amazonensis in Chinese hamster ¢ ovary
(CHO).cells also.only fuse with some
types of incoming vacuoles®, In con-

. trast, C.-burnetii-containing vacuoles '
in CHO, cells are ‘promiscuons, and ’
fuse efficiently with the phagosomcs

" tested3,

- From inert particles to living
parasites -
As C.-burnetif- conmmmg vacuoles:.
appeared to- be particularly prone to

“fusion, we chose them-as” ‘recipient. M,c,ob,omg,

netit alone and (b) infected for.3 days with C.. buraétii, superinferted with Leishmania amazon-
ensis, and fixed 2 days iater. Thestars mark the lumen of the Coxiglla- con!ammg vacuoles m
- 1 "dividual Coxiella bacteria are marked by a:Tows and am indicates an

Electron niicrograph is courtesy of C. Dauget { {Pasteur lnsmute Paris, France}. Scale bar=2 “m
.in{a)and 1 um in (h) Repmduced 1vom Ref. 14 with permnssmn fmm the American Soclety for _

vacuoles CHO or: other cells were

h
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were supennfcued with L. aiazoneisis amastigotes,
and fived ar different times. for inicroscopic ohservation.

aniazonensis we uhserved 6 h after superiafectivn,
“and the numbérs of 2 ,1masﬂgc>te< ‘tncreased with time®,
Bolared L. amiazonensis amastigotes rransform into
fully-flagellared motile promastigotes when shifred 10
ower temperarures. When doubly infecred cells were
placed at 25°C for'24-48 h, amastigotes in the mixed
vacuoles transtormed ints promastigortes, which, by
whipping their flagella, swirled C. barnetii within the

tigates were kifled by L-leucyl-O-methyl ester, to which
* amastigotes, but-not host cells oF promastigotes, are
vulnerable'. The evidence indicates thay £, amrdzon-

ensis can remain alive for several da&s wlﬂun the .

. ml\ed vacuoles. .
tis clearlyimportant to dmmgmsh morpholo; glcal
“colocaliz: of two isms - the outcome of vacu-
olar fusion = from their cohiabitation, whick  requires
proof of at least temporary suvvival and, evén _berter,
.. multiplication of the two partners. Whieceas the former
" > has been achieved, the larter is still incomplete, as pre-
cise éoun:s of viable C. burnetii are not easily obtained:

| other organisms, -~
- Tnfectiveforms of T cruzi nomnuy enter cells via newly

" assembled Jysosornal corpartments from which para-

_ sites exit to the cytosol and multiply as amastigotes'®.
When C.-bumerii-infected cells were superinfected with
T. eruezi tissue-culture trypomastigotes; flagellates remi-
niscent of the Loch Ness monster circled incessanily
- within the adoptive C.-burnetii-infected vacuoles, as

“¢dntained umerous amastigote-fike forms, The im-
. -plication is that; in the superinféctedcells, the flagellates
tosol, but transform into amast-

M. etial. (1995) Memorias Instituto

of vacuoles

ither: Coxrella burnetii of Lelshmama amazongnsis

) for by dffe in'the ition of the respec-
‘tive vacuolar membranes?.” L

' -» Are simitar mech  used for i and! isipn
of vacuoles thet contain C. bume Does the: homotymc fusmn
that takes place in'the course of ceﬂntar infection, with C. bumetu i
-ateount fortheeffc;ent‘" terotypic fusion of C. -t

. ing vacuples? .

*Does C, bumeti secre\e fusion- enhancmg fectclrs” if so, could
these’ factors modsty the. selectivity of vacuolar fusion? Would
thiey act within the vacuoles or'in the cytosal? Aiternatively, does
C. Limetii induce host cells to make fusigenic factors?

o Given that C.-burmeti Uisplay byt

turas not found in vacuoles lhat shelter Mycobactenum avmm

“what would be the feutures of uoubny lnfacted vacutlgs contalnn

foo-

ported ]argc o8 [mrrum»nch \aguoles ktﬂs N

hat conmned bath C. bursetii and L

shared:vacoalés. Furthermare, essendially all the amas- - )
Chantal dé Chastellier 2l

c. bumem or L. amazonensis vacuoles as hosts for-

" dociimented in video sequenees. The vacuoles also

ithin Vacuoles occupied by C. bur- -

ssineitriphosphate binding proteins), ARFs {adenosine -
.vdlphosp’ﬁateﬂb sylation factors).and many other pro:
. teins involved in vesicle récognition; dockingand fusion -
- have beencharaaenzed rhelrgenesdoned and irsome
" .cdses xpre and
mvulve these ‘proteins provxde a detmled backdrop

B fr.:umns““‘

Osicaldd Criez 90 (Supp. 1), 5-6). This hypothes
suppol‘ted by the finding that fow mediem pH can

< trigger the tramform':rmu of isalated T. cruzi tr) po-
- mastigotes into amastigote-like forms? :

Paradigms of restricted vacuole fusion.are prov:ded:
by Mycobacteritem fl(bm‘LlllOSl: and Mycobiacteriim-

“aviwm, which lodge in matucation-blocked unacidified

vacuoles that may fuse with endosomes, but dot ith
secondary lysosomes or phagolysosomes'™2. The pro-
posal that ammonta is the signal that specifies rhe fusion-
restricted phenotype gained support from the finding

- that M. sbercidosis secraces g!ummme ) mherase into

the vacuolar Jumer™.

Ulerasteuctural stidies performed iy association with
demionstrate that M. guisim
and €. burnetii can efficiently colocalize in vacuoles of
doubly infecred macrophages; furthermore, both organ-

©isms are structurally well preserved in the doubly in-

fected vacuoles, Tn contrast, colocalization of M. ammn;
and L. amazonensis was less. frequently observed®™.
Although C.-biruetii-containing vactioles have features N

.of phagolysosomes they have not vet been adequately -
. characterized. Endosome-like

cuoles contuning ca-.
tionized ferritin eagérly fuse with Myco[mcremmz»
microti-containing vacuoles formed in macrophages
in the presence of ammonium chioride!. Consequentls,

it may be fruitful to compare the compositional and.

funcrional features of these two types of \quo]es

The 100 vacuoles questmn : s

Parasite colocalization and evcmua] cohabuanon e
quires movement, docking and fusion of vacuoles en-'
closing different parasites: fusing vacnoles may ot may
not be phenotypically similar, The biochemical and
molecitlar mechanisms that underlic these events are
unknown. A bssu question that needs to be answered,”
case by case, is: does fusion of parasite vacuoles and its
regulation by parasite-derived signals involve ‘normal’
fusion pathways as defined for vacuoles that contain
nonvirulent organisms or particles? »

-~ The answers should come from the convergence of
independent areas of research. (1} Work from differ-
ent laboratorics has defined highly conserved mecha-

- misms for budding and fusion of small vésicles involved
-in ingracellular protein transport, exocyrosis and endo-
- cytosis -in_differént eukaryotic cells.

the ATPase NSF (N«cthy]male:mlde s )
SNAPS (soluble NSF attachment proteins), -vSNARES
and 'SMARES (SNAP receptors); Rab proteing (guano— |

hanisms that

a;,amsv which fusion of normial and pathogeu-contain- -

"+ ing vacuoles can be tested: (2) Compositional changes -
“of membranc and contents of normal phagosoines have

heen elucidated in suu andin pha;,osom ‘nriched cell
Fu

4 Arin 1996 -
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to thosc known for the endogync and secretory parh- .

ys2% a Ca*- and annexin-depéndent mechanjsm for

- phagosome~endosome fusion has also heen revealed™.
(4) Vacuoles enclosing Mycobacteria or Leishmania

lvpecxes have been 1sm.m:d from infected macropbages
andt their ul€rastructural, antigenic and biochemical
characterization initiated®'. Advances can also'be ex-
puted from less invasive in
ing reversible cell permeabiiization, microinjection and
genetically modified host cells that hyperexpress or do
notexpress proteins involved in normal vesicle fusion.
Collaboration berween <ell biologists and parasitol-
ogists is needed'so as to arply the impressive advances in
research ont membrane trafficking to parasue—m!ec(cd
Y. There is a need for better nonmicroscopic meth-
odology to measure fusion between phagocytic vacu-
ofes. Fusion berween endosomes and phagosomes has
been studied by measuring the formation of complexes
formed when vacuole populations containing; for in-
stance, a biotinylated particle, are coincubated with
another set of vacuoles containing an avidin-deriva
molecular ligand®. This strategy does not work
both vacuole populations contain particles, as ¢
of the particles within fused vacuoles does not
arily take place. .

r
1
t

Why doubly infected vacucles?

Although vacuoles containing two different parasites

may.nat exist in nature, artificially constructed doubly
infected vacuoles may have some uses. :

(1)Doubly infected vacuoles can test for u)mpanbxl-

ity of two different pathogens within a common intra-
celiular microenvironment. Did exclusionary mecha-
nisms evolve to reduce pathogen competition for growth
factors or to prevent undesirable genetic exchanges?
Can toxic products from, or nutrient delenon by one
organism affect the survival of another in the same
vacuole? Altetnatively, can growth enhancement occur
by some sort of complementatiin berween pathogens?
. .(2) Compositional and func ‘\)nal features of doubly
infected vacuoles can provide information regardmg
. dominance of parasite signals that specify different
“vacuolar phenotypes.

{3) Colocalization in vicuoles can entrap parhogens
in unusual locations and, therefore, can implicitly test
for pathogen ‘survival in potentjally § s(ressmg micro-

* environments.
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