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9, Aims of the proiect . :

: |

9.1. General éim fjf;h.;ﬁfw
S S

The objectivé oflthis protodol is to determine the frequency and

clinical and épldemiological significance of pathogenic enteric

., bacteria and Viruses, which will céntribute to an understanding

of the modé of transmissionlof these :organisms and indicate

possible prevehtion Etrategies. “ ;
9.2. Specific’ aim: = ° C

a) Establishment of appropria}e»techniques for use of DNA

probes and: training of staff '

i

.* , : vy
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b) Application of E. coli DNA probes to studies on
persistent diarrhoea (in collaboration with scientists

from CSD).

c) App}ication of DQA probes to identify specific
virﬁlenCe‘facters of diarrhoeagenic E. coll in strains
which haVe been collected from previous studies and

have not been analysed

d) Application of new probes, as they become available for

the detection of other ‘enteric pathogens.
Py orne

e) Appliéatlbn of non—;AdLAAQtLQQ probes for the detection

of enteric pathogeéns

£) Application of DNA ' ‘probes to major future

epidemiological studies.

9.3. Ssignificance

The utilization of specific DNA ‘'probes to identify enteric
pathogens will help in the assessment of the relative importance
of different enteric bacteria and virus-mediated diarrhoeal
diseases in the population, and will aid in 2 better
understanding of the mode of transmission and pathogenic
mechanisms bf these microorganisms. this will facilitate the
development - of possible preventioh and treatment modalities and

will also helplto decide on research priorities to be addressed

et e
in future ICDDR,B investigatiois, ‘d o

getarat ;x



10. Background
Enteric bacterial pagthogens present one of the most challenging
problems in microbial pathgenesis: These, together with some
viruses and certain species of protozoa are responsible for most
of the acute diarrhoeal diseases worldwide. In recent years,
improved detection techniques havei.revealed that in addition to
the previously identified enteric pathogens, such as strains of
Shigella, Vibrio, Salmohella and Escherichia coli, a wide range
of other bacterial species can also cause diarrhoeal diseases.
These include pathogenic stfains of Campylobacter, VYersinia,
Aeromonas, Piesiomonas, gstaphylococcus aureus, Bacillus cereus,
Clostridia and Bacteroides (1,2). Diarrhoeagenic enteric viruses
and certain protozoal parasites also contribute significantly to
the occurrencelof acute diar%hoeal diseases. Efforts are beling
made to improVe the diagnosis and treatment of these diseases and
devise strategies fbr their ultimate control and prevention. To
achieve this aim, it is necessary to conduct studies on the

ML
relative importance and abundance of different enteric pathogens,

and hence-'reliableand accu%atem%?entification techniques are
essential. - o

: D Peatre
Escherichia coli is a common inhabitant of the human (and animal)
intestine, and based on toutine laboratory tests the saprophytic
strains cannot be effectively distinguished from the inherently"
pathogenicdlstrains%{i). Diacrhoeagenic strains of E. coli have

been classified into four major; categories: Enterotoxigenic



E. coli . (ETEC), Entercinvasive E. 2611L(EIEC), Enteropathogenic
E. coli (EPEC), and Enterohemorrhaé?glgi coli (EHEC) (4). These
~ diarrhoeagenic E. coli cause diarrﬁeea by at least one or more
pathogenic mechanisms: enterotoXin‘broduction, entercinvaston,
enteroadherence, and cytotoxin prgaﬁétion (4). The pathogenic
strains of E. eoli'can be identifiedhto some extent by biological
assays (5,6). or immunoassays K?*B), but these assays are

expensive and-time consuming, or require specific antisera.

A recent approach to tdentify diarrhoeagenic E. coli and other
i enteric pathogens using developments in molecular genetic
é technology is ‘to identify nucieotide sequences of pathogenic
: determinants directly in specimen (9-11). Nucleotide probes
ﬁ have been especially useful iﬁ identifying pathogenic strains of
E. coli, that are virtually indistinguishable phenotypically from

nonnpathogenic E¢ coli The use of nucleotide probes to identify

enterrc pathogens is based on'a com£1LEtion of gene cloning and

nucleic ‘acid - hybridization teehniques‘ ‘Gene cloning provides

probes for the specific polynucleoélde sequence of a pathogenic
Shdop

determinant, - and-” nucleic ac1d hybridization with either

iv"aii

radlolabelled orl noh radiolabelled;probes involves the use of

i these probes to search for hodologous sequences in the total

. nucleic acid presbnt in a specimen R E
. b P ' '

. 10.1. DNA qubes?aqainst pathggenic E. coli
" Nucleotide probes- have been constructed to identify  plasmid-

encoded genes coding for heat labile (LT) and heat-stable (ST)
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enterotoxins (12), genes involved in enteroinvasion (13), genes

'coding for adherence to tissue culture and human intestinal cells

'(14,15), and bacteriophage-encoded genes for Shiga-like

enterotoxins (SLT)- {16). DNA probes refer to specific DNA

fragments Iof plasmids ;contalning% cloned genes coding for

enteropathogenlc determinants or synthetic oligonucleotides that

are constructed from the nucleotide ;8sequences of these fragments
Wity |

The pathogenesis of enterotoxigenic E. coli (ETEC) has been

frequently reviewed (17,18)_and it has been suggested that ETEC

requires two virulence factorsi-+) colonization adhesins and

enterotoxin production, in order-toicause diarrhoea. ETEC must

first adhere to the proximal small bowel which is mediated by

protein fimbrial adhesins termed colonization factor antigens

.(CFAs) or coli sﬁrface (Cs) fimbriae. A number of adhesins have

been recognized including CFA I (19), Csi, €s2, Cs3, C54, CS85 and
CsS6 (20-22). €81, €82 and €83 in various combinations were first

reported-és a éingleifactor'CFA II (20,22), and CS4, CS5 and CS6
| t
were reportéd as colonization factoxaPCF 8775 (21), now called

CFA IV (23). { Genes coding for CFA,T and CFA IT are plasmid-
encoded and. are closely aseociatedgwith genes coding for heat%
stable enterotoxins (24) R} Additional:colonization factors have
been descr1bed but it is not clear Aif,these are distinct from
previously 'reported adhesinsf (25»: These include CFA III

presumably CS6 (26 27) and CFA V presumably cs5 (28). Many ETEC

strains have been isolated that do not have any of the CFAs so
|

[
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far described, and hence additional CFAs of ETEC possibly exist

and remain to be identified.

ETEC produce LT or ST or botﬁ of these toxins, and subclasses of
LT and ST rhave also been idgﬁﬁqfiéd. E. coli LT I and its
-subunits créss - react serologi&éily with the closely related
enterotoxinsi:of vibrio éholer?e (ETY' (29) but LT II originally
described in E. coli SA 53 is nokineutralized by antibodies to
CT, élthough LT I and LT II havePiésemb1ances with respect to
several of their biological propetties. DNA sequences coding for
LT II do not hybridize with ‘genes coding for LT I under
hybridizatioﬁ conditions -which~mallow for upto 20% base pair
mismatch (30}. Two different types of LT II have been identified
serologically. These are LT Ila from E. coli 8A' 53 and LT 11b
from E. coli 41 (31). Genes coding for LT I and ST are plasmid
mediated while genes for LT II are chromosomally encoded (32).
DNA probes have been developed for both LT I and LT Il genes and
consist of an SSb‘base pair fragment in pEWD299 and an 800 base
pair fragmeﬁt- in pCP2725 respectiyely. Genes coding for the
subclasses of ST ﬁﬁT Ia, ST 15:n3@§+ST iI) have been identified.
Genes for ST‘Ia are located dﬁ a;transposon (33) while genes for
ST Ib are =often associated withaplasmids coding for CFA 1 and
CFA IIX (24) lGenes coding for ST:Ia and ST Ib have a sequence
divergence of 31% (34) and are thus, distinct when examined by DNA
hybridizatioh under stringenﬁ conditions. Neither the DNA nor
the amino acid;sequence of ST 1I-hascany resemblance to ST Ia or
- -y

&) £



ST Ib (35,36). Specific DNA probes have been developed to

identify genes coding for ST Ia, 8T Th, and 8T 77T.

y
PR R I
P

Enteroinvasive3 E. coli and shigella cause dysentery by 1invading

epithelial ;Cells of the colon (37 '38Y. Both Shigella and EIEC

possess plasmids of 120- 140 Mhala"that are necessary  for

virulence. i | IS S

There is no specific biochemical.test for differentiating between
EIEC and non-pathogenic E. céli;:hut a 17 kilo base pair Eco RI
digestion fragment of the'i40 Mdal plasmid of 8. flexneri 5
(1190T) has been found to be specific in identifying EIEC from
non-pathogenic strains of E. coli'(39). Additional probes for
the differentiation between EIEC and Shigella have been derived
from the other fragments of the 140 Mdal plasmid of Shigella
(40).

Enteropathogenic 'EL coli '(EéEc) demonetrate adherence to the
small bowel mucosa 'in infants. andlanimals, and close adherence
has been suggeted as imported ;cr’ihe‘ induction of diarrhoea
(41,42) although cytotoxin produc%%on has also been identified in
EPEC (43,44); ‘HEp- -2 cell adherence in tissue culture has been
reported to be assoc1ated Wlth 50-= 70 Mdal plasmids in EPEC (43)
and with a so-Maal plasmid (pMAR+20vin EPEC 2348 (44). The genes
for HEp- 2 adherence have been cloneﬂ:and used to identify E. coli

that adhere _fo tissue culture «cells and human  intestinal

enterocftes'iﬁ a localized patternA(45,46). A DNA probe for EPEC



adherence factor (EAF) has also been constructed and is both
sensitive and specific in identifying EPEC that adhere to HEp-2
cells (47). 1In addition to EAF, E. coli that adhere to HEp-2 and
human intestiﬁal cells in a localized pattern, E. coli also
adhere in either‘ah aggregaﬁive ‘or diffuse adherence pattern-
(48). A DNA probe to identify‘diffusely adherent E. coli has
been constructed. This probe is .derived from a chromosomal gene
encoding a protein associated with the expression of diffuse

adherence by E. coii in the HEp 2. cell assay.
Enterohemorrhagic E. coii (EHEC) produce either one or both of
two antigenically pistinct‘shigaﬂlike toxins, SLT I and SLT II,
which aae enslddéd by two different bacteriophages 933J and 933W
in E..coli‘933 .(49).“_ The‘;genes for SLT I and SLT II have
subseqaently' been cloned, seqaended and DNA probes specific for
each have béen constructed (50,51). sLT producing E. coli
0157 :H7 alSo possesses plasmid encoded fimbriae that promote
attachment to intestinal epithelial cells in tissue culture (52).
A DNA probe consisting of a 3.4 kilo base pair HindIII fragment
of the plasmid pCVD 419 is referred.to as the EHEC probe.
;:di;f

10.2. Current reports on the applicability of E. coli DNA probes

DNA probe technology has been rapidly advancing and has allowed
the development of useful investigative tools. The applicability
of examining clinical specimens using DNA probes for genes

encoding enterotoxins has been}!tested in stool samples of



patients with diarrhoea in Thailénd (12). The hybridization
technique has been reported to be useful in accurately detecting
the presence of ETEC in stool samples. The hybridization asgéy
has also been used to examine water specihens in Thailand (11)
and has been‘reported fo be 104 times mor sensitive than testihg
random E. coli in the Y-1 adrenal and suckling mouse assays in
identifying ETEC in water. iGenerally, DNA probes for toxins,
entercadherence, and enteroinvasiveness have been found to be
comparable or superior to biocassays or immuncassays in detecting
enteric pathogens (53,54). Enterotoxin gene probes for LT I,
ST Ia, and ST Ib have been used to detect ETEC in isolates from '
Asia (555 and Africa (56).: In two separate outbreaks of neonatal
diarrhcca in Ohjo and in Burma, PﬁA probes have been used
successfully to identify EPEC serotypes 0114:NM and 0114:H2. In
a community study of bloody diarrhoea, excellent correlation has
been reported between culture results and hybridization analysis
using the ipaC probe for enteréﬁn&gsiveness {57). Wwith the

N

availabiity of a growning number of new DNA probes, the analysis

v
of large numbers of specimens and isolates is now extensively

used in diagnostic and epidemiological investigations (53,58).
1

In a surveillance of diarrhoeal patients conducted at the ICDDR,B

during 1979-80, pathogenic agents were identified in only 66% of

patients (59) in spite of the application of all the techniques

available at ICDDR,B during the period. However, the Importance

of various categories of diarrhoagenic E. coli, species of

Aeromonas, Plesiomonas, Yersinia, Clostridia and Campylobacter,

i
E
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various serotypes and serogroups of enteric viruses, and enteric
protozoa could not be assessed due mainly to lack of appropriate
pechniques for detecting these crganisms. The application of DNA
probes at'ICDDR,B will open up an opportunity to conduct the much
warranted epidemiological studies to assess the relative

contribution of all enteric pathogens to diarrhoea.

10.3.  DNA probes available at the ICDDR,B

DHA  probes presently available at ICDDR,B for the detecticn of

enteric pathogens are summarized as follows:

Determinant Recombinant plasmid Probe DNA (base pairs)
SLT 1 | ~ pJN37-19 1154
T SLT 11 pNN110-8 842
EIEC pMR17 o 17000
EHEC pCvVD419 - 3400
DA pSLMB52 o 450
, [ T
LA ' pJPN16 1000
oy
LT pCvD403 1300
STh pCVD402 - 216

10



10.4. Need for new DNA probes

The DNA probes presently availabkle at this Centre are mainly
useful for the identification of pathogenic E. coli strains. In
order to study the importance of other enteric pathogens by the
DNA hybridization technique, it is necessary to'obtain specific
DNA probes against them. The diarrhoeagenic role of species of

A

Aeromonas spp., Plesiomonas, Yersinia, Campylobacter and above

t

all  shigella spp. has to be, investigated with a  broad

}

perspective.‘ -~

e

F14 AN

Enterotoxin and cytotoxin produetiop; and invasiveness have been
demonstrated in most of these organisms and these properties can
be exploited to identify the péthogenic genes, Detection of
specifié DNA sequences unique to each of these genes can lead to

possible development of new DNA probes.

In addition to the development of new probes against enteric
pathogens, such probes already developed or in the process of
developmnt, can be obtained from other.advanced laboratories and
utilized for epidemiological studies. The use of oligonucleotide
probes against the different serotypes of rotaviruses has just
been introduced at ICDDR,B, andﬁgigﬂA probe against Entamoeba
histolytica will be available;sﬁon.quther probes which will be

requested and tried at ICDDR,B include:

11 Fhos



[EARE

v

a) Cryptosporidium spirozoites (Flinders University,
Adelaide, Australia)

b) Attachment-effacement (CVD, Maryland, USA)
c) Aggregatuve-adherehce (CVD, Maryland, USA)
d) Salmonella (University of Zimbagwee)

e) Four CFA probes (University of Adelaide, Adelaide,
Australia)

11, Outline of experimental methods

11.1. Preparation of probe DNA fragments

Recombinant cloneé carrying the probes of interest will be grown
in nutrient ' broth containingf!thg qppropriate antibiotic.
Plasmids will bé isolated by modifications of the -alkaline lysis
method of Birnboim and Doly (61):apd will be purified by using a
commercially §vailable column (NACS8-52 PREPAC, BRL). The
recombinant plasmids will be digested with the appropriate
restriction enzymes to excise the inserts and the digests will be
electrophoresed in agarose geié. The probe DNA fragments
(inserts cf recombinant plasmids) will be extracted from agarose

electroelution into dYalysis bags as described by

gels b

t-‘!a!‘li‘ii._fi?j"f?_t al. (62).

R
11.2. Preparation of specimens

Colony blots, dot blots, or stool blots will be prepared by

standard techniques (62) using: . nylon membranes (HYBOND-N,

AMERSHAM). For each set of specimens, a number of replica

filters will be prepared for hybridization with different probes.

P

12



The colonies will be lysed and the DNA denatured by placing the
filters on piecés of Whatman 3MM sheets soaked in' denaturing
solution (0.5 M NaOH, 1.5 M NaCl). The filters will then be
neutralized by placing on wﬂétmén 3MM sheets soaked in
neutralizing solution (1 M Tris-cl'pH 8.0, 1.5 M NaCl). The DNA
will be fixeéd to the nylon membranres by exposing the membrancs to
UV light for 2-5 minutes on a UV transilluminator.

For each set of specimens, a set of master filters carrying live
bacterial colonies will be properly stored for possible future

studies on the hybridization-positive colonies.

11.3. Radicactive labelling cof DNA probes

The probe DNAs will be radioactively labelled by the method of
Fejnbérg and Volgelstein (63,64) with a-32p-dATP (10 uci ul,
3000 Ci/mM, AMERSHAM) and oligonucleotide primers [FP(dN}g:
PHARMACIA]) using the Large Fragment of E. coli DNA pol&merase I.

In case of small DNA probes (less than 200 base pairs) the method

i

of choice will be 5'-end labellihgtwith -32p_gaTp using a 5'

end-labelling kit (BRL). Radio-labelled probes will be denatured
Cobe

by boiling followed by quick chilling on ice, before using these

for hybridization experiments. Cpi

11.4. Hybridization of DNA blots i -
Hybridization with labelled probes will be carried. out as

described by Maniatis et al. (62). The filters will be

13 .



prehybridized in the pesence of denatured salmon sperm DNA  to
block unspecific binding sites on the filters, and will then be
hybridized with the denatured probe,DNA for 12-16 hours at the

R Y

appropriate temperature. After'hybridization, the filters will

- 1
be washed under conditions of increasing stringency.

T oo
11.5. Preparation pf autoradiodrdphs
The hybridized filters will be exposed to X-ray £ilms in metal
cassettes at -709C for the appropriate time. 1In case of weak
"signals, intensifying screens will.be used. The exposed X-ray

films will be developed and fixed by standard procedure.

11.6. HNon-radiocactive labelling of probes

The use of DNA probes as a clinical tool has been hampered by the
need to use radioactive isotopes for labelling DNA probes. Non-
radicactive DNA-labelling procedures wich provide stable probes
free from special handling precautions and regulations, will be
tested. Biotinylated nucleotide?‘yill be used to label probes,
and hYbrid}zation will be detectedi??%pg a commercially available
non-radioactive DNA hybridization“k;;f!pﬁb). The sensitivity of
non-radioactive methods willibe%cémpéred with the radioactive
methods of DNA hybridizatioﬁ. ;othér newly developed non-
radioactive DNA labelling and detection systems will be similarly
tested for theilr sensitivity and"lapplicability in routine

Yobou

diagnosis of enteric pathogens.

14



12. Ethical implications:

Bacterial isolates obtained from stool specimens of diarrhoeal
patients in a surveillance;study and from another different
project wi{l be used in thié study. In addition, only stool
specimens apd nenvironmentalkgamples will be involved in this

investigatioﬁ; ; Nq aspect of this project is in any way harmful

Y i

-
to humans.‘.‘;i
i
+
3

!
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SOURCE OF SPECIMENS

The specimens and bacterjal isolates to be used in “this
investigation will be either obtained from diarrhoeal patients in
collaboration with the Clinical Sciences Division or from the
Vaccine Trialzproject which has just been concluded and a large

number of batterial isolates have been collected and stored.

P
1) 1CDDR,B Hospital Surveillance Btudy

A surveiilance system has been. set up at the Centre in 1979,
in which every 25th patient seen 4is entered into the
programﬁe; ‘for1 in-depth clihical, microbiological and
demograph;c work-up. 5Stool sahples from these patients will
be testedifor the presence of bacterial pathogens.

2} Aetiology of persistent diarrhoea in collaboration with
Clinjcal Sciences Division

About 160 children with persistent diarrhoea and 40 control
childrehi‘with‘gacute diarrhoea will be. studied per year.
From each>child jejunal joice‘Will be collected twice, first
at the‘;time of enrollﬁentland then at the end of the
treatmehtl or after recdvery.: Also three stool samples
collected at different times at the time of enrollment and
an additional sample collectéd at the end of the treatment
or after recovery will be studied for bacterial pathogens

(XN

from all patients.

'D-'l‘
H
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3)

4)

3)

i

Diagnostic service for persistent diarrhoea patients

At least one stool specimen will be studied for all

Bacterial pathogens from approximately 300 children with
persistent‘ diarrhoea seen at the Centre every year who are

not enterea into study 2. ‘

Aetiology of non-Shiqella dysenteriae in collaboration with
Clinical Bciences Division.

;1

Stool‘j‘specimens from 100 patients with non-Shigella
dysenteriae and samples from‘éoo'controls, half of which are
cases;?with Shigella dysehtefiae_and the other half watery

diarrhoea will be studied.

r

E. co{i diarrhoea in cholera vaccine trial (CVT) study
Approximately 200,600 people vaccinated with oral cheolera
vaccine or given placebo in 1985 in Matlab were followed up
for development of diarrhoea. From those individuals who
developed diarrhoea, 3 seéarate.E. coli colonies and a pool
of 5 have been stored (B235 patients). E. coli colonies
have also been stored from the stools of mothers of these
children (2304 mothers). We'plan to test these E. coli for
all categories of diarrhoeagenic E. coli to find out their
incidence in this.pépulation;. This study will complement
other studies which had been generated as a consequence of
the cvT; and will utili?e ali the data with reference to
age-distfibutibﬁ, seasonality, geographical location,
aSsociatioh with breastfeédingllﬁThe study will have a bias
toward;aévere cases of diarrhoea.
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b)

PLAN OF LABORATORY WORKS: 1-3 YEARS

ear:
Hybridizatién of colony blots with DNA probes for SLT I,
SLT II, EHEC, EIEC, ST, LT, DA and LA. The bacterial
isolates"consist of bacteria isolated and stored from two
previous studies on diarrhoeal patients. - In addition,
bacterial:iédlates from stool specimens and jejunal fluid of
diarrhoéa; ﬁgtients under an on-going protocol will be used.
Hospital éurveillance: 3 E. coli isolates from each
' of 400 patients
Persistent diarrhoea (research): B00 stool specimens

vaccine Trial project: 1%,000 bacterial isolates

Every 10th colony found positive by using DNA probes will be
tested by possible biological assays.

Second year:

Continuvation of colony hybridization:

a)

- Hosﬁital surveillance: 9,706 stool specimens

- Persistent diérrhoea (reséarch): 400 jejunal fluid
- Vaccine Trial project: 15,000 bacterial isolates
Third year |

a) Continuation of colony hybridization:

Vaccine Trial project: 15,000 bacterial isolates

Persistént diarfhoea (diagnostic): Possible applicatiocon of

new probes to examine
350 stool specimens
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c)

d)

Comparison of colony hybridization results with results
obtained from biological assays conducted on the same strains

under a different protocol.

Testing the applicability of non-radicactive hybridization

techniques for routine diagnosis of enteric pathogens.

Summarizing the results obtained 4in three years and
identifying research priorities to be addressed in future

ICDDR,B 'investigations.



TIME ALLOTTED FOR EACH INVESTIGATIONS

Standardization of procedure 6 months
Testing of specimens 24 months
Analysis of data and writing reports 6 months

Investigator
S.HM. Faruque
Q.5. Ahmad
.M. Faruque
Q.5. Ahmad

A.RM.A., Alim
Lab technicians
Research Officer

5.H. Faruque
Research Qfficer

S§.M. Faruqgue .
Q.5. Ahmad

Lalb techniclans
Research Officers

Dr. Zia Uddianhmed

IASK of INVESTIGATORS

Task

Standardization of hybridization
procedures and DNA probes

Freparation of colony blots and
performing routine hybridizations for
detecting enteric pathcgens in clinjcal
and epidemiologlcal specimens

Introduction and testing of non-
radicactive hybridization methcds

Testing fﬁe“specificity of new DNA
probes against enteric pathogens
obtained from other laboratories

Academic aﬁd'strategic feedback
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BUDGET FOR THREE YEARS

1. Personnel

No. Level & step

1 NOC 5 (100%) 15,948 16,488 17,028 49,464
1 NoB 10 (100%) 14,796 15,228 15,660 45,676
1 NOB 9 ( 50%) 7,824 8,040 8,256 24,120
1 NOA g ( 10%) 1,192 1,230 1,264 3,686
2 GSsV 1 (100%) 5,440 5,616 5,832 16,848
2GSl 7 (100%) 4,440 4,584 4,728 13,752
Total personnel cost 49,600 51,178 52,768 153,546

2. capital equipment

Gel elect;ophoresié : ; ‘ :
apparatus (2 sets) 2,000 — - 2,000

Sequencing gel system
and high voltage

power supply (1 set) 3,000 - - 3,000
barkroom éet{up 2,000 - - 2,000
Shaking water bath 1,500 - - 1,500
Radioactivity monitor - 2,500 - - 2,500
Total equipment. cost 11,000 0 0 11,000
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. Ward, H.D., Lev, B.I., Kane, A.V., Keusch, G.T., Pereira, M.E.A.

Tdentification 1ind charactarization nf taglin: a mannose-H-ohosphate

binding, trypsin activated lectin from Giardia lamblia. Biochemistry (in
-

‘press).

. Ward, H.D., Alroy, J., Lev, B.I., Keusch, G.T., Pereira, M.E.A. Analysis

of surface carbohydrates of Giardia lamblia: Detection of
N-acetyl-D-glucosamine as the only saccharide moiety and identification
of two distinct subsets of trophazoites by lectin binding. J. Exp. Med.
(in press)

. Mobassaleh, M., Donohue-Rolfe, A., Jacewicz, M., Grand, R.J., Keusch,

G.T. Pathogenesis of shigella diarrhea, XIIL. Evidence for a
aevelopmentally regulated glycolipid receptor for shigella toxin inveolved
in the fluid secretory response of rabbit small intestine. J. Infect.
Dis. (in press).

. Harari, I., Donohue-Roife, A., Keusch, G., Arnon, R. Synthetic peptides

of Shiga toxin B-subunit induce antibodies which neutralize the
biclogical activities of the toxin. Infect. Immun. (submitted).
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