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7. Abs tract Summary:

The present

extracellular enzymes with virulence

investigation
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aims to correlate the presence of

in Shigellae. Qualitative and

quantitative difference will be determined in enzymes present in

each paire of virulent and avirulent strains that will be used in

the  study. For these purposes b pairs of strains esch of 8.

dysenteriae 1, §.

Form T will be studied.

flexnerl 2a, 8.

boydii (12-15)} and 8, sonnei

In addition rough mutants of s,

dysnterine 1 and S, sonnei will also be screened (5 each).



It is hoped that this study may give us information regarding the
gqualitative and gquantitative differences in extra cellular enzymes

produced by different Shigella species. In addition to this

differences. between isogenic pairs of virulent and avirulent
strains will be helpful in understanding the role of enzymes in-

pathogenecity of the Dbacteria.
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SECTION I1 - RESEARCH PLAN

INTRODUCTION:

Objectives:
To study the extracellular enzymes secreted by Shigella species
and to see if qualitative and quantitative differences exists

between virulent and avirulent pairs of isogenic strains.

Background:

A. Extracellular enzymes in some gram negative bacterial pathogens
other than Shigella. '

Extracellular hydrolytic enzymes have been implicated as important

virulence factors in several microbial diseases including those

caused by Erwina (1)}, Pseudomonas seruginoss (2), Serratia
marcegeus (3) and Vibrio cholerae (4). Levels of the enzyme,

Aminopeptidase, has been used to distinguish between virulent and
avirulent Erwina species {(1). The hydrolytic enzymés have also
been used by other investigetors to identify member of tﬁe family
Enterobacteriacese (5), Mucinase, lecithinase, collagenase, and

neuraminidase have been detected in Vibrio cholersae {(6,7).

Neuraminidase is thought to play an important roele in the

pathogenesis of V, cholerse {(8). IL has been shown that mutants of

V. cholerae, that were deficient in protease production, showed
reduced proteolytic activity and showed a dramatioc loss of
virulence in the infant mouse, although toxin was still produced

by them. A number of investigators have shown that the mucinolytic

‘enzyme in V. cholerae is able to produce desquamation of the

intestinal mucosa of guinea pigs and increase the permeability of

the intestinal wall of mice (9). It has alsoc been shown that

-



intestinal contents of animels experimentally infected with
cholera organisms contain mucinclytic activity (B8). Interestingly
it was alsc observed that sera of convalescent cholera Ipatients
contains antibodies which neutralizes the sction of mucinase (Q).

All  Lhese studies suggest that mucinolytic enzymes may have some

B. Extra cellular enzymes in Shigellase.

Shigellosis is & complex infection and still remains a
gignificant cause of morbidity and mortality in “developing

countries.

Members of the genus Shigella when ingested by man can -cause
watery diarrhoea followed by dysentery syndrome .(10). ?he
fundamental characteristics of virulence caused by Shigellae is
their ability to adhere and to invade epithelig]l cells and
subsequently multiply therein: After invaslion, the proliferating

Shigella elaborates an enlerotloxin, although its role in the

‘initiation of diarrhoea is controversiasl. The ability te adhere to

epithelial surfaces is an important factor for the psthogenesis of

such organisms.

i v

enzymes may be useful for identification purposes or as markers of
virulence.

Enzymes as tools for identification : Esterases have been used to

differentiate Shigella flexneri 6 from 8, flexneri 1~5- (11).

Gamma-glutamyltransferase was detected in 5. dysenterise 3-8, §.




boydii serotypes but absenl in most other

Clexneri 8, some 3,
Shigelle species and serctypes that were studied (12). Similarly
report on the wuse of aminopeptidaszes for identification of

higella wusing Lhe chromagenic substrate, chremozym PL has Dbeen

suggested (13).

Enzymes in Virplence ! In 1958 Formal and Lowenthal {9) found

mucinase to be present in some strains of S. filiexneri 2a, ¥ and Y

varisnts, although it was not found in other 8. dysenteriame, S,

sopnei and 8, boydil strains. In the next 20 years following
this observation relatively little work was done to study the
extracellular emeyme patterns in Shigella specieé. _ However, in
the last decade interest on this subject has been revived and
gseveral studies have been carried out which suggest that enzymes
may be used as markers of virulence. Important among these are
Glycerol kinase produced by virulent strains of 5. flexnerj 2a
{14). It was shown that a smooth colenial variant uf.gL flexneri
2a lost the abiliiy Lo penetrate HeLa cells and also lost Glycerol
kinase activity, Transduction of the Glyecerol kinase gene of
Shigella into the avirulent Shigells stirains restored the ability
of 50% of the strains +to penetrate HeLa cells. On the basis of
this observation it was suggested thal more than one gene affects
Glycerol Kkinase activity in-ﬁgggelng of which only one may be

agssociated with penetration. in another study Belsaia gg‘g;. {15)

‘have  shown that the activity of Cathepsin D, a lysozomal enzyme,

in  the splencoytes depends on the virulence of the Shigella
strain. Virulent Shigella strainsg induced pathological

labilization of the lysosomsl membranes whereas avirulent satrsins

e ]



induced only the transient %ctivity of the enzyme in the lysosones
without. any essential changes in the membrane permeability . Oon
the basis of these datm it hasg been poinied out that there is a
possibility of differentiating virulent and avirulent Shigella
strains by determining the enzyme mctivity of splenoccytes in

infected animalse.

It is now presumed that the process of'penetratiun by Shigella
into epithelium is connected with Lhe enzymatic hydrolysis of the
cell wall. Ié hay been shown that 8, flexneri 4b produces blood
group B alpha glycosidase and it was suggested that é; flexneri 4b
could proliferate within the' ilecceolonic’ environment by
enzymetically degrading mucin glycobrotein sugars' (16).-‘Further
studies on the role of enzymes in the bacterial penetration or

.

adhesion by modifying surface component of the epithelial ' cells
"have however nol been carried,:WNn The mechanism by which
Shigells attaches Lo the epithelial surface hés not been clarified
but evidence suggesis that & numberp Of’factors are responsible for
such atltachment. jaBrec et al. (17) postulated that epithelial
cell penelration is an essential step in shigellosis. Recently
Hale and coworkers (18,189} have shown that penetration into
tissus culture cells reguire active metabolic partici;ation from
both the bacteria and <{the host cell. Therefore, it is
understandable that Lhe role of extracellular enzymes may be
related Lo the pathogenic potential of Shigella and as such may be

important (20).



Since, not enough is known regarding the relationship of ehﬁymatic
activities to pathogenicity in Shigella, the present investigation

has been undertaken.

Rationale:

~Several attributes have been identified by in vitro and in vivo

studies as being necessary for expression of virﬁlence bx
Shigella. Among these attributes, toxin production and plasmid

mediatéa invasiveness' have been shown to be important but-
biochemical basis of pathogenesis remain obscure. The preaéht,

study on enzymatic role in virulence will be of great value from

bicchemical as well as immunological point:of'viewr Results of

this research will give us information whether extracellular '

hydrolytic enzymes has any correlation quantitatively énd/or
qualitatively with their respective virulence factor or factors.
As a corollary to the above, this study ma& help‘kéldevelop ;n
additional diagnostic | teéﬁnique' Qsing enzyme asaays to
differentiate between serotypes of Shigella species whichl may.
fufther provide a rapid and sensitive method for the diagnosis of"

Shigella species over existing methodologies.’

~ SPECIFIC AIMS

1. To detect presence and levels of hydrolytic enzymes present in
the culture filtrate obtained from growth. of 5 péirs of

isogenic strains each of S, dysenteriae 1, S. fléxneri 2a, 8,

i

boydii (12-15), and S. sonnei Form I; and rough variants of

dysenteriae 1 and S, sonnei.



it

To see 1f differences in enzyme activity can be detected
between (a) virulent and naturally ococcuring avirulent smooth

strains, (b} rough variants isolated in the laboratory.

The results obtained from the above study nay help to
understand which hydrolytic enzymes should be used to set up a

method based on enzyme assays for .easy olassification of

strazing of Shigellae.



C. MATERIALS AND METHODS

1. Baclerial Strains:

List of bacterial strains which will be used in this study are

shown in Table - 1.

Strains used in the study

Table - 1
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S. sonnei Form I
(smooth)

Form I1 {(rough}
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"All  these strains of virulent and avirulent
in different growth media i,e. Trypticase

yeast extract, and Minimal medium,

sirains will be grown

"Soy broth with 0,3%

and their enzyme activities



will be measured te find out the optimal growth condition for
producing optimum level of activities of each enzyne. Growth
curve relating CFU/ml  to optical density at 600 nm for each

Shigella species in appropriate media will be carried ouf.

Initial screening of the enzymatic activities of the Shigella
gtraing will be assayed qualitatively using APl 2Z¥YM kit (AﬁI
system, S.A., France) (21). The 19 enzymes which can be assayed,
by this kit are Acid phosphatase, Alkaline phosphatase, Esterase,
Lipase ésteraae,.xhipase, Leucine arylamidase, Valine arylamidase,
Cyaline arylamidase, Trypsih, Chymotrypsin, Naphthol ~ As-BI~
phosphohydrolase, Alpha-galactosidase, Beta-gulactosidase, Beta
glucuronidase, Alpha-glucosidase, Beianglucoaidaséj N-acetyle~
beta-glucoaaminidaaé, Alpha-mnannosidase and Alpha-fucosidaae,
Those enzymes which will be deteqted by API ZYM kitffrom viru1ent
Shigella strains will be used for further investigation.
Experimental procedures:

Strains of Shigellas stored at w?&ef will be cultured on
- MacConkey's Agar at 3700 for 18 hrs. Single iscolated colonies
will be picked up from the plate snd will be grown in TSB with
0.3% yeast extract at 3700 for 6 h. Aliguots of 0.1 Ql of the
culture will be used asm starter culture for inocculate
experimental medium and incubated at 3700 with continuocus shaking
for 18 h., At least triplicate estimation will be carried out for
each strain. Optical density of the Culture media will be
determined at 600 nm and the number of bacterial cells present in

the culture will be determined. Also 1 ml of the growth media

will be diluted in PBS and plated on TSA agar to determine the

10




total number of cells. Appropriste broth culture will be used for
' A o
culturing Shigellas strains for a fixed time at 37 C.

: o
The cultupg will then be harvested at 12,000 g for 15 min aq 10 C

and the supernatent will be filtered through a millipore flilter
(0.45 mu). The filtrate will be then dialysed against approﬁriate
buffer with constant stiring and atleast with 2 changes._aﬁ 400‘
for 18 h. The dialysed culture aupernataﬁt will be used fof the
assay of enzyme aclivity, The pellét will be washed with sﬂerile
phosphate bulfer saline (PBS) and the total number of celisl will
be determined by diluting the cells in PBS and plating on TS8A

plates with 0.3% veast extract.

Enzyme agsay
For' the enzyme assays described below two kinds of reagent blanks
will be used. One will contain all the solution except substrate

while another will contmin everything except culture supernatant.

Protease:

Proteolytic activily of the culture filtrate will be meésured

according tu_the method of RinderKnecht et al. (22) using :Hide

powder Azure as substrate. Reaction mixture will con?ainiin a

Final volume of 1 ml, 20 mg of 3ybstrate, 20 mM Tris-HCl (pH 7.8)
o ;

and culture filtrate. After incubation at 37 ¢, tubes will be

centrifuged in an eppendorf microfuge; and the absorbance of the

Supernatant fractions will be determined at 595 nm.



Phosphainases: ‘

Acid phosphatase wand alkaline phosphatase ae£ivity will be assayed

according to  the method described by Walter and Schutt {23). The

reaction mixlure will contain 1 mM P-nitrophenyl phosphate, 0,1 ml of

culture superéatant sind buffér in a final volume of 0.5 ml. Buffer to

be used for acid phosphatase and alksaline phosphatase respectively are

50 mM citrate buffer {pH 5.5) and 50 aM glycine~-NaOH buffer at pH
: S

10.5. The P-nitrophenol liberated after 1 hr incubation at 37 € will

be estimmted colorimetrically at 410 nm.

Glycosidases:

For the standard routine procedure, ﬁhe reactiénkmixture will contain
0.1 M tris phosphate (pH 5.6) and P~Nitroyheﬁyl - nlphe /beta sugar
pyranoside and will be incubated at 3?00 for 1 hr Glycosidase activity

will be detected by measuring the libersted P-nitrophenocl at alkaline

pH at 410 nm (24).

Amino.Peptidasg:

Amine peptidase asctivity will be agmnayed 85 described by Giammanco et
al., (25). The incubation mixtﬁrﬁ for the measurement of Vamiho
peptidase activity will contain 100 @M Tris - PO pH-7-.8, 1 mM amino
acid - napthylamides and the culture supernatait in total volume of

1.0 ml. The reaction will be stopped by adding fast blue BB and the

absorbance at 400 nm will be measured.

Mucinase:
Culture supernatant will be asgayed for mucinase activity' by the
method of Kusama and Graig {26). Mucine will be prepared in phosphate

buffered saline and 50 ml volumes of gerial two fold dilution will be

12



dispensed into the wellg of a-miﬁrgtitre plate.” Culture supernatant
will be added and reaction volumes witll be made upto 0.1 ml with PBS.
After 1 hr incubation at 3?06 25 ul of Cetyltrimethyl ammonium bromide
{1% wt/vol} will be sdded, and the resulting turbidiy will be assayved

after 5 min. by measuring the absorbance at 492 nm.

Lipasge:

-

Lipase activity will be determined aCCOrQing Lo the method of Wretlind
et gL; (27) uéing P-nitrophenyl caprylate. The assay solution will
contain 7 mM substrate, 106 mM Na-phosphate buffer pH 7.4, and culture
filtrate in 8 final volume of I wml. Oﬁpical densipy of the solution

will be measured st 410 nm. -

Phospholipase:

Phusphoiipase activily will be assayed aceording to tﬁe metho& of
Dawson (28}, The ageay solution will contain 0.03 M lygolecithin, 0.3
M phosphate buffer {(pH 6.4} and culture filtrate in a final volume of

3 ml. Optical density of Lhe solution will Ye measured at 520 nm.

Reuraminidase:

Neuraminidase activity will be determined by the method of Aminoff
(29y. The enzyme nctivities will be assayed by releasing. N-acetyl
neuraminic -acid from similomucoid in s 0.1 M accetate huffer (pH-ﬁ.S).
The dialysed supernatsnt will be incubated with the mucin solution.
The final volume of the reaction mixture will be made up to 0.5 @}
witﬁ the buffer. The amcount of N-acetyl neursminic acid released and

the amount bound in the assay mixtures will be determined by the

thiobarbituric acid method of Amineff.



Enzyme Unit;

Unit of ernLymne activity for Lhe ENLYMES {glycosidases,
aminopeptidase, scid and alksline phosphelases, lipase, phospholipase,
neuraminidase and esterase) ls defined ss that amount which hydrolyses
1 u mol of suﬁstraLe per min. under bLhe experimental conditions. One
unit of protease and mucinase is defined as Lhe amount which
hydrolyses 1 mg of subatrate per hour under experimental condition.
Enzyme activity will be measured at appropriate wavelengths ih the Pyve

Unicam recording specirophotometer,

14



Table - 2: Enzyme clagwes 1o be Lested and nature of enzymelic

peaction.
Enzyme class Enzyme number Substrate class Bond attacked Product relessed,
(Enzyme commission} '
Glyvosidases EC 3.2.21-24, P~-No2-phenyl glycosidic P-NG2-phenol.
30-31 glycosides - ’
Phosphatases:
Alkaline EC 3.1.3.% P-NOZ- phenyl- phosphoes ter © ~do-
Acid EC 3.1.3.2 ’ rhosphate
Aminopepf.idases ‘EC 3.2.1.18 Anminoacid-Beta- amide Beta-napthyl amine
napthylamides
Lipase B 3.1.1.3 . P-NO2~Fhenyl ester P-NOZ phenol
Falty acid . : :
Esterase BC 3.1.1.] Beta-nupthol ,ester ester " Beta-napthol
Proteage EC 3.4.21.3 Hide posaler amide Remazobrilliant b lue
Phospholipase EC 3.1.1.4 Lyso-leaithin ester giycerophosphoryl
. choline,
Neuraminlidase HC 3.2.1.18 c o Blalomooid ester N-~gcetyl
neuraminic acid_
Mucinsse EC 3.2.1.19 Ovomuein glycosidic N-acetyl
glucosamine
-

.
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Table 3: Summary of assay conditions for monitoring enzyme activities.
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Subgtrate
Enzyme - ) concentration pH Buffer
Glycosidasges 1X10-3M 5.6 G.1M Tris phosphate
Aminopeptidase 1X106-3M 7.8 ~do- )
Phosphatases COiX1G-3M 5.5,10.5 50 mM citrate,
50 mM glycine -NaOH
buffer -
Protease 2G mg/ml 7.8 .0.02 M Tri. Hel
Lipase 7 % 10-3M 7.4 0.3 M P04
Phuspholipase 0.03M 6.4 0.3 M PO4
Neuraminidase 10 mg/ml} _ 5.5 0.1M Atetate buffer
Mucinase 16 mg.ml 7.0 0.1N Na-phosphate
Esterase I x 10-3M 7.2 0.1M Tris.Phosphate

iR
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Virvlience Testa:

a) Sereny test will be performed according to the method desecribed

by Sereny et al., {30},

L} Hela uelL invasion; (31).
Tissue wowullure flasks will be seeded with approximately 1.5 x
105 HelLe cells and grown to near conflgency. Before bacterial
inoculation, monolayers will be washed three times with
phoéphate buffer saline, pH 7.4, A grwth cultures of
approximately 108 cells will be prepared and 100 yl/well will
be added. The plate will bhe ipocubatad_at 3?00 for 1.5 - 2
hra, Media will then .be remdved and wellg will be washed
again. Wells will be refilled with MEM nmedia containing
gentamicin (1.5 wml/well} and incubate at 3?00 fer 1.5 - 2 . hrs.
Wells will be washed again with PBS three times. Hela éells
will TDhe lysed by treating with Triton X;IOO atmﬁ concentration
which does not affect the bacteria, The cell suspension
conlaining the b&uteria #wi1ll be counted by direct plating. The

number of coloniss will be counted and expressed as  the

percentage of the initial inoculum.

SIGNIFICANCE

The proposed study on the analysis of different hydrolytic enzymes
may help wus to understand the mechanism of virulence and the
contributions of these factors to the attachment and adherance of

Shigelln spp. to ihe mamalian cells.

17



F. COLLABORATIVE ARRANGEMENT

This work will be underteken in collaboration with Dhaklea

University, . Bangladesh. Dr. Showkat Ali, Assistant Professor of
the department of Biochemistry, Dhaka University will be actively

involved in this project.
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14807 ! Pathology . L ’
'4B08 ! Micrebiology tests !

B T T e

‘4809 : Biochemistry ’ : :
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‘4810 .  X-Ray : ~~*~—-———T:
e o o e i e et e o 2 e e e e U e o e et o 4k o 5 2 e oo e t
'4BLL 1.V, fluid : C
"‘_....__................__ ,,,,,,,,,, 7 e s e e s s i A e e m o i 1 A 2 . e s T o o e e e 1 Lty e e e e v e .......,....\...:
‘4B12 ! Media c 1,000 !
T T e e e £ e 1 o 2 i 4 2t e e e e e e e m‘
54813 ! Patient hospitalisation study ;
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14814 | Animal raqaarrh ' .L,000 . -
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4818 | Out patient care ! . :
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+4819 . Maintenance charges : :

- .
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!4B20 | Vehicle maintensnce charges - :

'4822 ! Stdff Cliric Charges — Dhaka :
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! Page totel {(bslance c/f} ' 4400 '. S
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Budget Code:

e g - o A dne b

% IKIBRDEPARTMENTAL _SERVICES-1388
{Contd. from Page HNo. 20)
:x:mm::::m:tﬁumz:ﬁ:zm:m::x::um::::::t:a:m:x:::::mz:::::::::::::
‘AT : H
:Code ! Servace Avrea + $ Amount ;
! : Fage total froﬁ page ¥ 20 ’balan¢e b/f) ! 4400 r
T e e e e e e e e et ot e e e et !
14823 Staff Clinic Charges - M&tlab ; :
B o et e s 9 S . . . 010 et = 2 S At et e v 1 ot o e iy . o e o S 1 H
'4B24 ! Bactericlog, Test ; ‘
‘4839 ! Pransport Suhaxdy ) H
! : TOTAL i 4400 H
'$AOREES WITH |
P PAGE 1 '
*¥% See Agnexure-B for rates. : A/C 4800 :
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Pay Level

. Y R e hd o mr b T R e

B
P4
P
M
Pi

s = Bom A S e

¥ US ¢ 15,000 to be added for new
recruits and separations.

Natice
NG
NO
NG D
NG ¢
NG B
NG A

SR W A s S e Yo by L na A e e et

Ul B
G5 &
G 4
s 3
us 2
GS |
CHW

BBGANX. A/ (Sept.BB)

Salary
and benefitls
per_month liS$

5,440
4,720
4,206
3,750
3,290
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220

Lig

. 140
110
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50
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