worewashodomemthmA[mmM tris-HZE {pH

8., 10 wM phosphosenine, 10 pM phasphothres- -

ning, 10 uM phosphotyrosing, 0.1 mM vanadate, and
0.1% CHAPS] containing 500 mM iNaCl, 5 mM EGTA,

20 mM B-glycerolphosphate, and 1 i microcystin, -

After three additional washes with the same buffer
lacking ricrocystin, bound proteins wera ehded from
the column with butfer A cortaining 500 mh NaCl and
200 mM imidazole. The eluate waa loaded on a Su-
perdex 200 column equilibrated with buffer A contain-
ing 50 mM NaCl, 10 mM EGTA, and 10 mM EDTA,
Column fractions containng Xcode25-specific kinase
activity were combined and incubated for 90 min at
4°C with g ohe-tenth volume of phosphoceliutoss P11
{ Whatrnan, Hilsboro, OR) prepared as described [Y.
Wang and P. J. Roach, in Protein P biory: A
Fracticat Approach, D. G, Hardie, £d. {(BL Press, Ox-
ford, 1993), pp. 121-144]. The phosphoceliulose was
washed with 5 volumes of butfer A containing 50 mi
NaCl, Bound proteins were eluted in buffer A contain-
ing 500 m NaCl and 20 mM B-ghycerolphosphate.
The phosphoceallufoss eluata fraction was dialzed
against butfer A containing 25 mM NaCl and 20 mM
f-ghycerolphosphate and loaded onto a Mono Q PC
1.6/5 column {Pharmacia) equiibrated in the sarme
buffer, The Mono G column was eluted with & linear
gradient up to 1 M NaCl in tha same buffer.

13. The Moo Q fractions contalning kinase activity were
pooled and loaded onto a 5 ta 20% sucrose gradient
in buffer A containing 20 roM B-glycerclphosphate.
The gradient was centrifuged at 40,000 rpm for 16
howrs in a Beckman SW35 rotor at 4°C. The frac-
tions were collected and assayed for Xcdo25-specif-
ic kinase acthity (29).

14. Proteing were separated by electrophoresis and
Blotted onto Probiot {Applied Biosystemns). p67 was
excised and digasted with sequencing-grada trypsin
{Boshringer Marnheim) in the presence of hydroge-
nated Triton X-100 as described [J. Fernandaz, L.
Andrews, S, M. Mische, Anal Biochern, 218, 112
{1994)), The tryptic peptides werg separated by re-
versa phase chromatography in an pRPC C2/C18
2110 column with the use of the SMART systern
{Pharmacia). Peptide sequence analysis was per-
formed with an ABI 476A sequencer {Applied Bio-
gystemns) in the Protein/Peptida Micro Analytical Fa-
cility at the California Institute of Technology.

15. Thees degenerate primers comesponding to the peptide
sequences KIMLYT/GITPNYIAPEVL, (A/SIGANT TR,
and XXDMAPSTIDQ (300 wers igned:  pb7-1,
AAA/GIAAAGIAM T/CHT/CITITG(T/CHG/ANG/C)-
IACKCC: p67-2, CCAIGBIGTIGTA/GITTIGCICC; and
pE7-3, GCICCHAT NG/ CHNAIC/T NAT(T/C/AGALTAC)-
CA. X denotes an unreadable aming acid residue.
PCR was dong with AmphTaq DNA polymerase (Per-
kin-Elmer), the p7-1 and p67-2 primers, and Xeno-

pus oocyte CONA, for 35 cycles at $4°G for 1 min,
45°C for 2 min, and 72°C for 3 min, Tha reaction
yielded a single 850-bp product, A PCR reaction with
primer pB7-3 indicated that the third peptide se-
quence was also encoded In the 850-bp fragment.

16. A Xenopus oocyte cONA library in the pAX-NMT

vector (2) was screened by colony bybridization with .
the 850-bp PCR fragment that had been labeled It

the presence s of  a-3P-labeled . deoxycytiding -
triphosphate by the randorn primer methed. A Xho

Ha-xho | fragment: from the cONA containing the
ful coding sequence of Pkl was subcloned into
pBluescrigt SK- (pBluescript-Pii). Plasmids con-

taining nosted deletions ¢f.the cDNA generated by

the Erase-a-base system (Promega Biotech) were

sequenced with-an’ AB) 973A automated DNA se-
: domlnato (2): A specific region of the mtes-.

. cuencer [Applied Biogystems), .

17. R. M. Golsteynetal., J, Colf Sci. 107, ?509(1994) H
Hamanaka et al., Celf Growth Differ. 5, 249{1994).

18, 8. Llamazareseta! Genas Dev. 5, 2153(1991}

i9. H. Oh]kura k. M Hagan . M Giover,rotd 9 1059
{1685 Do .

20. K. Kilada; A .-J‘ohnaon
Mol Cell Biof. 13, 4443 (1983,

21, thjeisttawascreatadatmenrtlatmoodonof
Ptx1 In & PCH reaction containing S DINA polymer- -
ase, pBiuescript-PT jwhich contains an interrial Nde - -
1 site}, and the following cligonucieotides: pi7-Nde-1,

. GGAAT TCCATATGGCTCAAGTGGCCGS; and pb7-

1380

Nog-2, CCTAT TGACCATATGTCCACT TC. The Nde -

+ Ho-Eeo Rlfragment of pBluescript-Pixt, encodinga
COCH-terminal fragment of Pbx?; was figated Into
LVLI139GN-His {2}, This procecure created pWL-His6-
Pix1-C. The PGR fragmént was digested with Nde ¥
and Iigated inta pPVL-His6-Pix1-C to yield a baculow-
rus transfer plasmid encoding tha fulllength, histi-
dine-tagged P protein.

The catalytically inactive N172A mutant of P was
created by PCR with the following oligonuclectides:
pBY-N1724-1, AACAGGGCCCCGAGCTTGAGGTC-
TCTGTG; and p67-N172A-2, TCGGGGCOCTGTTC-
CTTAATCATGAAATGGAGG.

For purification of varicus HigB-Pixt proteins, 519 in-
sect cells (2 % 107 cafls) were traated for 3 hours with
okadaie acid 46 hours after infection. The cefls were
harvested, washed once with phosphate-buffered sa-
line, and ysed in 1 mil of buffer B [20 mM B-glycerol-
phosphate, 10 mM Hepes-KOH {pH 7.5), 0.1 mM
vanadate, 5 mM EGTA, 5 mM B-mercaptoethanot, 10
M phosphoserng, 10 pM phosphothreonine, and
10 pM phosphotyrosing] containing 150 mh NaCl,
1% CHAPS, 3 pM microcystin, 1 mM PMSF, pepsta-

22.

23

tin (10 pg/mi), chymostatin (10 pgAmll, and leupeptin’

{10 pg/ml). Tha clarified lysate was incubated with
nickel agarose, which was subsequently washed with
buffer B {containing 500 mM NaCl and 0,1% CHAPS)
and eksted with buffer B {contgining 25 mM NaCf and
200 mM imidazoks). The eluate was supplemented
with 2 mM dithiothreitol (DT T) and 1 mM EDTA and
dialyzed against 10 mM Hepes-KOH {pH 7.5), 10mM
NaCl, 1 mMDTT, and { mM EDITA for 2 hours at 4°C.
Portions were frozen in liquld N, and stored at ~B80°C.
W. J. Bayle, P. van der Geer, T. Hunter, Mathods
Enzymod. 201, 110 (1991],
25, B. Fenton and D. M. Glover, Mature 363, 637 (1993);
R. M. Golsteyn, K. £, Mundt, A. M. Fry, E.A Nigg; o

24,

Coll Biok. 129, 1617 (1995}
26,
der conditions that allow the phospharfation of

Cdo2 on Thr!®*, was fabeied on Th'# and Tyr's by -

treatrment with the Myt kinase as described {2).
27,
(1995)K8Lee.YLOYuanFiKunyamaRL
Erikson, Mof, Cedl, Biok 15, 7142 (1995).
A. Kumagai andw G. Dunphy, Mo/, Baol Ge#s 199
{1885).
. Recombinant HisE-Xcdc25 or Hisd- XcchS—N was

28,

5 mM tris-HCH [pH 7.5), 10 oM MgCL,, 1 mM DTT,
ovalourmin (3.1 mg/ml), and 50 uM ATP contamg
1.6 pCi of [y-32PIATP, ARter incubation, the sampies
were mixed with gel sampks butfer and subjécted to
SDS get slectrophoresis, in some cases, tha reaction
was stopped by the ackdition of 10% phosphorie acid,
and portions (10 ph of each samplo were spotted
onta P81 phesphocelliose paper (Whatman}, which

was subsequently washed with 0.5% phosphodc
acid. in aff cases, thaincomoration of *2P infe Xede25.
was guantitated with the use of a Phosphorimager
with a known amount of 32P as the standard.

Single-letter abbreviations for the amina acld resi-
dues ara as follows: A, Ala; G, Cys; D, Aspi E, Glu; F,
Pha; G, Gly: H, His; 1, e K, Lys; L, Leu; M, Met: N,
_ AsnPProOGInFIArg,SSorTTWVVa!W

Tp; and ¥, Tyr.

30.

- 31, Wathank members of the Dunphy lab for comments

ot the manuscript, P. H. Mueller for the Xernopus
oocyte cONA fibrary, and D. S. Krapf and G. Hatha-
way for peptide sequencing. Supported in partby a
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A Model of Host—MlcroblaI Interactlons in an
| Open Mammallan Ecosystem ‘

R. Hamanaka et al, J. Bio. Chem. 270; 21086

incubated for 20 min at 23°C with fractions in 20 wlof -+ 4}
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Lynn Bry, Per G Falk Tore Mldtvedt Jeffreyl Gordon

The maintenance and slgmflcance of the complex populatlons of mlcrobes prasent in
the mammalian intestine are poorly understood. Comparison of conventionally housed
and germ-free NMRI mice revealed that production of fucosylated glycoconjugates
and an ol,2-fucosyltransferase messenger ANA in the smail-intestinal epithelium
requires the normal microflora. Colonization of germ-free mice with Bacteroldes the-
taiotaomicron, a component of this flora, restored the fucosylation program, whereas
an isogenic strain carrying a transposon insertion that disrupts its. ability. to- use

L-fucose as a ¢arbon source did not. Simplitied models such as th|s should aid the- :

study of open mlcrobral ecosystems

The factors that allow components of
[hts indigerious microbiota to.establish'and .
maintain. théir regional: habitats are largely

' unknown 'Ihe stablhty of the €cosyste i

A complex and dynamic microbial ecosys-
tem infiabits the human i intestine. Establish- -
ment of a.microflora begins at: birth:and
progresses_through a series of colonizations
involving ‘more, than 400 bactenal specles
{' l) These oo" zations residt in a'm 'abol-

i Yin which ariaérobes pre-

- tine’s duodenial-colonic axis will at any
en - tlriig  contain resident (autochthonous) .
bacteriaf - _-_ferentlatton programs, and thus.¢;
' Cies ~_ able: piches.-One.wdy of identi
rari y oc 'y'..empry’ piche - progrgl s is. by comparing gen

{3). Distuiption of thils o open ecosystem—for. tical mice thar (i} have never be
example; wit tics— has'revealed the . to any microorganisms {germ:free,
esseritial role’ played: by the. microbiota in _have been raised with a “nommal’ func
preventing mfecuous dlsea 5 (4)' . ¢ . al microbiota (comrent;onal CONV

The Cdc2N133A-Acyclin B complex, p prepared O {iii)
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eibeen; raised In ai germ-free state
for a:period of tithe and then exposed to an -
{ntact microbiota’or a selected group of its
.component organisms {ex-germ-free, XGF)
- {6): Hete wé have used XGF mice to iden:
tify 4 single, ‘genetically manipulatable res. -
~ ident bacterial species:that teproduces an
epithelial diffefentiation program normally .-
specified at the completion of gut morpho-
geniesis by the indigenous flord. _
. A-panel of lectins {7} was used to define
cell lineage-specific, spatial, and temporal
- patterns of glycoconjugate accumulation in
the intestinal épithelium of immunocompe- -
tent inbred NMRI/KI mice raised under GF
or CONV states (8-10}): Glycoconjugates
.were - examined | because “their -production -
provides a sensitive markef of gut epithelial,
- differentiatlory {7, 11) and can be modified  8nEH
by &xogenois factors {i2). Glycoconjugates
are-also - used - by bacterid: as a’ source’ of
-nutrients {13) and can’
their adhesins {14). -
“A compirison of po

serve s receptors for

stnatal day 1.{P1) to
P90 GF and CONV miice (15) revealed that
sustained production of fucosylated intesti-
nal glycoconjugates after P21 tequires com-
ponents of the microbicta. Proliferation in
the intestinal epithelium is confined to the .
crypts of Lieberkithn (5). Each villus is sup-
plied by several crypts that surround its base.
Four principal lineages arise from a multipo-
tent crypt stem cell. Paneth cells differenti-
ate as they move down to the base of the
ceypt where they produce antimicrobial pep-
-tides (16). Absorptive enterocytes, €r- .
teroendocrine cells, and mucus-producing
goblet cells differentiate as they migrate up
from each crypt to the apex of an associated
villus where they undergo apoptosis and ex-
foliation, a sequence that takes 3 to 5 days
(5). At P21, lineage-specific changes in fu-
cosylation begin to occur in both GF and
CONV mice (17} (Fig. 1, A to D). Paneth
cells acquire fucosylated glycoconjugates as
do cells in the upper half of some crypts.
These fucose® crypts occur as multicrypt
patches. Typically, only a small subset of
villifpatch i have fucose™: enterocytes and
goblet cells (Fig. [, Cand' D). The number
“and size of patches expand between P21 and
P28 in CONV mice (Fig. 1, E to G). In GF
~animals, Panethcell staining expands ‘to
include -all* crypts, ‘but fucosylated -epitopes -
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iricreasing levels and extent of fic

(Fig. 1)) It contrast, adule GF r

fucosylated glycoconjugates in.
T (o

o are lost from themidd e’

of crypts and theirassoctated villi: (Fig:-1y 1
and K). The rate of clearancenf’fuoose*
" cells from P21 to P28 GF crypt-villusunits
- equals the'rate of cell migration as meastired
by pulse labeling with 5 bromo-2" deokyitis
dine, indicating that loss of fucosylated gly- .
coconjugates teflects cellular. feplacement, . fu
- rather than supptession of production with="" " $
in an existing population. Adule: CONV. -
. animals express fucosylated epitopes in their
‘enterocytic, goblet, and Pane Tine
with a prominent dy

ota but that the microbiota is requ
the - fucosylation i

P17 GF: &nd CONV nimals, £19
peroxidase-conjugated UEA1 (!

developrnantat stage, there. an
ences in the patiems of fugosylation
tween CONV () and GF (B)-animals, Fu-..
cose* gablet cells (brown, BITOW) are MOre
numerous in the distal than in the proximal
half of the smallintestine. Villus enterocyles
{white} and crypt Paneth cells {not visible) .-
are fucose™ throughout the duodenal-ileal
axig. (C and D) By P21, isolated fucose® -
villi (detected with UEA1) are apparert in .
CONY and GF mice. In GONV animais {C),
fucosylated glycoconjugates are prasent in’
crypts surrounding the base of the positive .
vilus arrow). This js not the case in GF.
mica (D, where fucosylation is being extin-,
guished in the crypts, {E) Side view of an L&
floal wholemount from a P23 CONV .
mouse, stained with peroxidase-UEAY.
Acquisition of the fucose™ phenotype in-
volves a progressive upward migration of & .-
pand of positive cells that encircles the'vil- -
fus. (F and @) Section from a fucose*
patch similar to that shown in (E), incubat-~
“ad with tetramethyirhodamine iscthiocya-"
nate {TRITCHUEAY and digoxigenin-con-. -
jugated OPA {detected with FITC-conju- . I
gated sheep antibody to’digoxigenin). F -
UEA1 Staining alone and (G} doubla expo-
" sure showing colocalization of thetwo le-:
ting, esteblishing that there Is an inductlof
of a1,2--and al,6-nked fucosylated gly-.
cocorugates in villus enterocytes icl :
armow in (F)) and goblet celis lopen
()] Arrowheads in (G) point 16
edges of columns of upwardly:
fucose* epithelial cells in adjacent viti.i(H »
and 1) lleal wholemount from P25 CONV™
{H} and GF () mice. Without the microblota,
fucosylation is extinguished. {J and K} fleal
wholemounts from P28 CONV -and ;GF
mica. The fucosylation program s fully e
pressed in CONV mice {) wheré"alj of tha ;-
patches of UEA1* lleal crypt-villus units -
have coalesced. In GF animals (K), only ..
Paneth cells located at the base of Clyplg « T meeeesey M E———
are UEAT +. inset in (J) shows UEA1 staining of scattered duodenal vitus epithelial celia inthe sama P28
GONV wholemount, emphasizing the marked diodenal-fleat gradient of fucosylation. Al wholemounts
wera photographed under a 6.3% objective. Bar in (F), 26 pm. - L T
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}- that'the mictobiota affects expression of host established. that.48 hours after.inoculation, tern was fully; recapirutated within 14 days | w
t’ - fucosyltransferasés (FT} that add L.fucose in . the density of viable organisms in the feces. - (Fig. 2, Aw C). Revefse"tra'i;%ﬁptésé—poly'«: .

]  al,2- and o1,6 linkages (18). (Fig.:1G).- .. - of XGF mice was equivalent to that of iden-  merase chain reaction (RT-PCR) of total |

i . 'XGF expériments (n = 3) demonstrated tically aged CONV. mice. Fucosylation pro-  cellular duodenal, ileal, dnd colonic RNA | b

' - that the fucosylatior: progeam could bé reini- gressed in the same manner as observed in  from GF and XGF animals (21} confirmed | m

tiated and completed in' the adult intestine P21 to P28 CONV mice whether GF mice  that production of fucosylated glycoconju- | p

by inoculation- of GF mice with gut flora  were’ conventionalized at P28 or P70; fu- gates is associated_with accumulation of a | ¢

ﬁom"-CON_ijani;m_als (19). Quantitation of . cose* patches. first appeared 7 days after  host al,2-FT mRNA (Fig. 2D): . st

anaerobe cloriy-forming units (CFL) (20) conventionalization, and.the CONV pat- To identify a component of the micro- | 4

e e L B e T flora capable of inducing the CONV pat- n

ONV.: ' XGRS tern of fucosylation in XGF mice, we inoc- 7

' ulaced P28 GF animials with Bacteroides the- ¢

taiotaomicron, a member of . the - normal !

mouse and human small-intestinal and. co- a

tonic flora (22, 23), Ex vivo' studies ha%é- t

.| shown that this anaerobe scavenges g vari- " § (

i . ety of carbohydrates, including - L-fucose, e

it from more complex host and dietary glyco- ;

* conjugates . (13). - Intestinal . wholemounts i

“were prepared 2, 5, 7, 14, and 21 days after 1

- inoculation, Within 2 ‘days, the bacteria ‘

were distributed along the entire duodenal- 1

_ colonic -axis of XGF mice (23). Bacteroides t

- — .. thetgiotaomicron induced the CONV pattern .

ial fucosylation program cart be reinitiated and completed in the adult intestine by :

- inaG

; animais. Actin mRNA levels wers shown by

Wi

cUfation of GE NMRE mice with a CONV microfiora. (A to €) Sections of ieal crypt-vilus junctions from
P42 CONV and GF rhice, and a P42 XGF mouse exposed 1o a CONV fiora at P28, Sections were stained
with TRITC-UEAT and a FITC-conjugated goat antibody fo mouse immunoglobulin A flgA). {4) CONV mice
express fucosylated glytoconjugates (red) In Pareth oslls at the crypt base {open arrow) and in villus
anterocytes {closed arrow; note Golgl and brush border staining) and goblet celis (closed arowhead). The
larning propria contains numerous IgA*. cells (green). (B). GF mice express ficosylated glycoconjugates in
their Paneth cefis' only (open aow), IgA* cells ara rare, (C) XGF mice racaphtulate the CONV pattern of
fucosylation withit 7 days after initial expostre 1o bacterla. (D) Representative RT-PCH analysis of duo-
denal (D}, ileal (), and colonic (C) RNA prepared from a PA2 GF mMouse and a P42 XGF animal inoculated -
7 days earlier witth a CONV microfiora. A 230-bp fragment derived from a mouse ad,2-FT MRNA 27} is -
present in XGF: ilskim but not duodentrm, The band is absent in GF

fleum but present in GF cofon. The

presence of thig MRNA correlates with tha distrioution of fucosylated glycoconjugates in GF and XGF
RT-PCR to be equivalent in the RNA sampies._ Bar, 25 um.

5

. were unable .10 do.so,in the. duodenum; |}
_demonstrating the OIganism’s capacity to re-
‘produce the region-specific CONV- pattérn:

of ileal fucosylation within'5 to 7 days.
Differences in CFU per milliliter of ileal
contents were detected among individual
mice. We took advantage of this variability
ta show that the oxtent of fucosylation at 7
to 21 days correlated with the density of
colonizing organisms {Fig. 3). A minimum
of 10% bacteria per milliliter was required to
elicit a “patchy” fucose? phenotype; 107
bacteria per milliliter fully recapitulated the
CONV pattern. S o
~ Colonization of the duodenum was less

efficient than. in the ileum (CFU, = two. |

orders of magnitude lawer), Nonetheless,
levels of bacteria sufficient to induce fuco-
sylation in the Hleum {108 to 107 CFU/ml)’

f fucosylated glycoconjugate production,.. . -
ty to metabolize L-fucose correlates with fts
apacity to induce epithelial . fucosylation.

- Fu-4 is an isogenic B.. thetaiotaomicron strain - [E

. We examined whether the bacteria’s abil- . | i

. that contains an uncharacterized insertion of . §
' Tn4351 rendering it unable to-usé: L-fucose B
- or.D-arabinose -as- carbon’ sources. ~(13).
. Southern (DNA) blots established that this- - -

' transposon . was insetted into. a single: gite
i within the genome (13). The insertion does.. .
- ot block the organism’s ability to ‘take up
" " PHIL-fucose or ta colonize and ¢compete
* with " the -isogenic_wild-type " strain. .(VFI
. 5482) in adult GF Balbfe cecum.{} :
- colonizes the NMRI ileumn: and’ cétui
- levels equivalent to. those of wild

“terla (<107 CFU per millilix

;. tents) buc is mich: less éffici
‘epithelial fucosylation: 107°C




T wo resiles Supgest "thar‘-B."_thetaio_tafo_fnia
cron " affects -fucosylation -withot : directly

ot GF mice ren-
NV flora, compo-
nents of the indigenous microflora were
readily seen bound to ileal villus epithelial
cells. No binding was
* the ‘duodenal-ileal axis at any time point
- after inoculation of GF mice with the wild-
- type of mutant strains, even when their
- CFU per milliliter of . ileal ‘contents  was
-equivalent to that in XGFE animals ‘colo-
~ nized with a CONV flora (n =5 per group
" per time point). Wild-type and Fu-4 strains
- were also labeled with fluorescein isothio-
cyanate (FITC) after growth to' mid-log
‘phase in thioglycollate medium or after
they  were physically removed from che
cecum -of XGF mice (in vivo selection)
and then applicd to sections of duodenum,
Cjejunum, ileum, and cecum. Neither
strain, harvested under these two condi-
“tions, bound to CONY, GF, or XGF gut
epithelium (25, 26). :
- Fucosylated glycoconjugates mediate at-
tachment of parhogens to epithelial surfaces
{14} and also provide a source of nutrients
for members of the indigenous flora (13).
The ability of B. thetaiotaomicron to regulate
fucosylation programs in the distal intestine
could affect the ability of ocher components
of the normal flora to establish a stable
niche or could affect the vulnerability of
the intestine to colonization by pathogens.
Identifying molecular interactions be-
tween indigenous microbes and host cells
that confer stability 1o their €cosystems
should help our appreciation of what goes
wrong when pathogens gain control and
may provide new strategies for preventing
or treating infections. However, members of

and distifictive phenotypes seen in models

‘which a single, genetically manipulatabls,
nonpathogenic member of the normal flora
inducs=a<gpecific and easily identifiable’
tesponse. Features of this maode] include an .
apparent association between B. thetaio-
taomicron's capacity to utilize L-fucose and

T

gate production in its host and the fact that
a wild-type fucose-utilizing - strain  must
achieve a critical density in'the distal intes-
- tine to trigger epithelial fucosylation. The
¢ density dependence may reflect cither a
7. microbial signal that must reach a critical
threshold before an epithelial response can

-induced 3¢ a density-dependent change

type steainn per milllicer (Fig. 3) ).

ding to the epitheliuni and that sofuble -

evident throighour -

the microflora rarely produce the dramatic -

of pathogenesis. We have reduced the in-
testine's ecosystem to'a simplified model in °

its ability to induce fucosylared glycoconju- -

in thie. bacteria’s gm’embgflcprépe igs
integrity of the locus disrupted by the tras.
POSOR: Appeats: £0: be netestn

be necessayy

though this hypotesis will have t5ha
firmed by further genetic.analysés; as)

oy

further dissection of a dialogue symbolic of
the. ongoing interaction: between. indige-
hous arganisms and their host. I
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