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ABSTRACT

There were several methods for fdentifieation of bacterial specles and siralns such
as blochemnical, serological, morphological (statns). polymerase chain resclion and
othérs methods, We try from the current study to evalpate the guaniitative and quali-
dative histochemical (cytochemicall technigues adapted for bacterial suspensions in
order fo quantftative (spectrophiotometric) delermination of some bacterfal mitachion-
drial equivalent enzymes of fve specles and ong referéence strains of bacterfa under
all fixved factors for the twe stvdied baclerial mitochondrial ensymes, Succlnlc dely-
dregernase (SDH-asel and Adenosine triphosphatase (ATP-ase) It could be obtained
six significantly differént optical densities (O D} for each of the (wo enfime resclions
for the fpllowing isplaled baclerial siraing: E coll, Brucells melliensis fserovar: 3. 8eld
strafn), Flesiomonas shigellotds, Salmonella dublin, Brucella melitensis [reference
strain 18 M) and Brucella ovis gz following (1020, &§04), (980, 630), (950, &60),
4148700, (448,414} and (358 .578) for the mentloned bacler/al stralns and enzyross
(SDH-gze and ATP-ase In each breckel] respectively, in mosi studied specles and
sirains of bacteria there were reverse relationships between SDH-ase and ATP-asc ac-
tual reactions. fthe difference between O.0. of zerg time and final reaction) the gquali-
fative cytochemical study showed also differences betfween the different strains fn or-
der fo sirengthen awr preliminary tried, a frther complementary stvudies should be
carried oul In arder (o establishing a scientific table containing all the eplical densi-
tles far the all bacterfal eniymes, using the quantiative cytochemical studies for the
all pathogenic bacieria (1solated and reference stramns) a5 a new sole or confirmatory
method for identificallon of future vnkpown samples of bacterial species or siTains.

INTRODUCTION
Brucella melitensis cauze, & highly conta-
geous zoonotic diseasc caused by gram nega-
bve facultative Iniracellalor coccobactlli, Bru-
celtasis  Induce acutes  disease ([aboction
storms, orchitis. mastbs, arthelis, syonovilds
in animals, and nervous signs In sheep and
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goats), the disease become then chronie and
may be peraist for life (Wilkinson, 18983)

Owvine Brucellosis in sheep caused by Brucella
ovlg  which cauvse nfertility in rams [by
chrorie orchitis) and rarely infect ewcs and
rarely cause aborUon, It may Induce weak
birth, stllborn lamb, placenttis (Queenaland
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Covernment, primary industries and Fiah-
crica, 2011).

For identification of Brucella organisms. a
presumplive evidence of Brucellae ls provided
by the demonstralion by modifled Acid-fast
stalning of organisms {n aborted materials or
vaginal discharges with serologlcal methods,
Lthe polymerase chain reaction (PCR} prowvide
addibonal means for delecuon, Brucellae
should be isolated using plain or selective me-
dia by culture from uterine discharges. abort-
ed foetl, udder secretlons or from lymph
nodes and reproduclve organs of both sexes.
Brucella specles and blovars should be ldent-
fied by phage lysis and by cultural, blochemi-
cal and serological eriteria, PCH can provide
both complementary and biotyping method
based on specific genomic sequences (OB
Manual, 2008) Concerning the serological
tests for Brucclla ldentification methods. Rose
Bengal test and Buffered plate agglutinallon
test, the complement fMxation test, the enzyme
linked Immunosorbent assay {ELISA)L or the
Flugrescence polarization assay are suilable
iesls for acreening herds and indmiidual ani-
mals. However, no single serological tést is
appropriate In each and all epldemlologicat
situations, so that the screening testis should
be confirmed by complement fixation test and
PCH echnlgques. In dadry herda, the direct EL-
15A or milk ring test used for bulk milk sam-
ples. Brucellin skinm test may be wvsed as
screening or confirmatory herd test especially
in unvacclnated herds. Interferon gamma
tests, precipitation test that used native hap-
ten antigen may showing promise in differen-
tlating Brucellosis from exposure to other
crogs reacting microorganiems {Bricker, B,
J., 2002). Genetic and Immunalogical ew-
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dence lndicates that all members of the Bru-
cella genus are closely related. The classical
names related o the six Brucella nomen spe-
cles are valldly published In approved lsts of
bacterial names and the designed bypes
straing are attached to these validiyv published
names: Brucella abortus, B. meliténsis,
B.sula, B.neotomae, Bovis and B. canls.
Strains of Brucella have |solated in the last
decade from marine mammals that canoot be
described to any of the above recognized spe-
cies (Ewalt et al, 1984 and Foster et al.,
2002).

Inveatigation are continulng to establish
their correct position in the texonomy of the
genus and it |s proposed thal they could be
classified inlo two new species: B, c&ll and B,
pinnipedlalis (Jensen et al., 1989; Cloeck-
sert et al, 2001 and Foster ct al., 2002).

Flesiomonas shigelloldes cause gastroen-
teritls but with a mild self- limiling diseasc
with fever, chills, abdominal pain, nausea. In
severe chscs watery diarrhea become greenish
yellow, foamy, non-mucold and blosdy tnged
(Bad Bug Book, BEB, 2008).

Salmoneslla dublin cavse a typleal discase
in cattle, characierized clinlcally by seplice-
mia, dvsenlery. inappetance, great depreasion
pyrexda, depressed milk yield, mucald fuidy
disgrohaes which usually, contain blood clots
arnd shreds of necrotic ntestine and abartlan,
In calves, morbidity and moriality may reach
100%. Calves may found dead withoul any
clinical signs, In some cases carpal and Laraal

jolnts may be enlarged (Richardson, 18974)

E. coll s normally lives tn Intestine of
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human and anlmale. most (ypes are harm-
leas, but some E coll ean cause disease, ente-
rotogenic E. coll ia a group of E. coll produce
a specific toxins thet could stimulate intestine
fo cause profuse walery diarthoea with ab-
daominal cramping, lever, nausea, vomilng,
chills. loss of appetite, headach, muscle arch-
ing and bloating (Nationa! eenter for Immu-
nizaton and respiratory disease - Bacterial
diseases [Z2006].

The cytoplasmic membrane was firet estab-
lished as the sile of respiratory enzymes and
eytachrome Unked electron transport of Bacil-
lus megaterium (Strock and Wachaman,
1867). The bacicrial lipoproteln granuolcs
which reduce tetrazolium salt in the whole
bacterial cella have been regarded as eqguiva-
lent (0 ganimal and plant mitochondria and
thus may be considered as bacterial mito-
chondria (Mudd et al., 1881) and the cyio-
plasmic membrane may eguivalént ta the
Christac Mitochondriae of animal and plant
cellg [Oreen, 1881}

The activity of succinic dchydrogenase
(SDH-ase) enzyme was studied In E.Coll {Se-
dar and Burde, 1966-a) and in Bacillus sub-
Lz [Sedar and Burde, 1965-b) using com-
bined eytochemical and ulbrastructural
studles by eleclron mleroscopy, each organ-
lsm was Incubated in a substrate medium
containing  the (etrandtroblue  (etrazolium
{TNBT] which served as an electron acceptor
fo be reduced into a viclet bluish formazan
pigment at the site of ensyme reaction that
asapclated with the bacterial plasma mem-
brane

The adenasine - trl - phosphatase (ATP-
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ase] enzyme activity was located malnly in the
cytoplasmic membrane, mesosomes and In
the inner laver of cell wall facing the cytoplas-
mic membranes af Baclllus subillis - 168, The
cytochemical reaction of ATP-ase was ob-
served as fine denas granules incorporated
nto the membranes as high contrast lead pre-
cipitate oan the membrane surfaces [Chrere-
pova et ml., 18BB). A variable localization of
ATP-azes In the different microblal specles
was established by Voele (1864]) In E.coll the
ATP-ase enzyme was found malnly In the oy-
toplasimic membrane and the cell wall, In Ba-
clllus cercus, It was observed In the cytoplas-
mic membrane, oyloplazm and In the nuclear
region of the cell. while in Myxococcus xan-
thus It was sccn only I the oyloplasm. Mik-
haleva et al., (18984) doemonstrated the ATP-
asc enzyme in the [solated membrane vesci-
cles from E.colt by using a combination of cy-
lochemical and electron microscopy, alsc Ku-
bak and Jotia (1881) used negative stalning
and glectron microscopy to prove the presence
aof ATP- ase in Izglated membrancs of Staphy-
lococcus aureus, bul KEushnnares et al.,
(1988) studled the distribution of the ATP-ase
engyme in the Intact cells of Staph. aureus
and showed ts lacallzation In the cytloplasmile
membranes, the mesosomes and the cross
wall of dividing cells. In Bacillua subllis the
ATP-ase has been isolated. purifled and char-
acterized from the cyvioplasmic membrane
(Ziegor and Montedl, 1882).

Mg-ATPase activity was determilned o
E.coll bacterial suspension after 10 min-
uies Lncubation with the reaction medivm,
2.5N perchlerlc acld used for terminating
the reaction and the amount of phoa-
phate released was delermined colormetri-
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cally (Butling et al., 1973 and Finke and
Subbarasw, 1676).

The periodic actd thiocarbohydrazide siver
protetnate teacton (Thiery methods| separ-
ates the bacterla into four large groups ac-
cording to the production of silver grains at
the site of the cell wall or cytoplasmic mem-
brane ar both in Corynbacterium, Mycobacte-
rluvm and Nocardia. In Bacllus subtlis and
Brucclla organisms, only the cell wall reacts
In lactobacillus and microbacterium both the
cell wall or cytoplasmic membrane reacts. In
E.coll and Clostridium neither the cell wall
nor the cytoplasmic membrane réacts.

Micro-organisms have been classified and
identifled on the basis of characteristics in-
cluding morphological or staining (Bacly and
Scott, 1078), Bilochemical (Cowan and
Steel, 1074), serological (Oda et al., 1979)
Recently there has been a tendency to deter-
mine the melecular genetc characleristics as
polymerase chaln regction (PCR) analysis
[Bambrook et al., 1888), but such molecular
genetio techniques are still dme consuming,
80 that for rouline idenuflcation of isalates,
the ease of testng and the total compiletion
iume are crilcal.

Previous trial for guanUtative cytochemical
determinavon of Succinic dehydragenase re-
action through esUmation of the optical densi-
ty of formazan pigment (the end product of
the cytochemical enzyme reaction) tn Bacillus
megateriu by (Hess and Dietrich, (1960).
Moreover, Lhis qualitative cytochemical stain-
ing method clearly scparate the Mycobacteri-
um lcprae from ceriain leprosy -derived coryn-
form baclerla (Rastagl et al., 1084). the

Maosoura, Vel Med J.

204

present study aimed for identification of the
different species of bactena through apeciro-
photometric (quantitative) and semi guantita-
thve eatimation of the optical densities of oylo-
chemical reactions of SDH-ase and ATP-ase
ensymes in six bacterial species and sirains
25 3 new preliminary ial for furiher identifi-
cation or confirmation of the different species
or sirains of bacteria

MATERIAL & METHODS

(A) Sampling (Koneman et al., 1092}

1- samples from milk, aboried foell, mam-
mary gands. lymph nodes of aborted
sheep, goat and cattle and (nfected ram
testicles were used for isolation. (dentifl-
cation and typing of Brucella strains.

2- Samples fom: milk of mastilc buiTa-
loes and cattle, inlestine of enieric
calves, Infected lungs for isolation and
identification of E.coll.

3- Samples from infected goats, cattle,
figh and conlaminated water were used
for isclation and Wentfication of plesio-
monas shigeloides.

4- Samples from the deep sepsis from cal-
tle were used for isglation and identifl-
cation of Salmonelia dublin.

5- B. melitensis réfcreence strain [ 18M).

(B) Isclation and identification of Bacte-

rim:

1- The Brucells melitensis |Biovar3 fleld
atrain} and Brucella ovis were [dentified
and biotyped according to Altom et al.,
{1888)

2- The E.coli, Salmonella dublin and ple-
siormonas shigelloides were identified
and blotyped according to the methods
described by Eoneman et al,, (19692).
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(3) Preparation of bactertial suspenaiona:

The colonles from previously lsolated and
identfied six different specles or strains of
bacteria (E.colf, Salmonella dublin, Plesiomo-
nas shigelloides. Brucella melitensis (Aeld 1so-
lated strain). Brucella melitensis (reference
strain). and Brucella ovis were used for prep-
aration of bacterial suspensfons with a con-
stant concentration of 15 X 108 CFU which
prepared by Turbidity standards for each spe-
cles or strain of studied bacteria according to

Quinn et. al. (1964).

(4) Preparation of substrate fncubafion
medium for mitochondrial Succinic Dehy-
dragenase (SDH-ase) enzyme: The succinate
substrate incubation medfum for the mito-
chondrial Succinic dehydrogenase was pre-
pared according to the method recorded by
Nachlas et al., (1857).

(6) Preparation of aubstrate incubation
medium for Mitochondrial Adenosine Tri-
phoaphatase (ATP-ase) (Mg2* - activated,
lead method):

The ATP- substrate incubation medium for
mitochondrial ATP-ase was prepared accord-
(ng to the method described by (Wachstein
and Meisel, 1857), this method need normnal
saline solutton for dilutton and ammonium
sulphide 1% to give the final colored product
in solution after incubation.

Both bacterial suspension (15X108 CFU)
and the substrate incubation medsa for the
two enzymes are freshly prepared.

(8) Recording the Optical Densities
(0.D.) Far the Bacterial Suspensions:
For each specles or strain of bacteria put |
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m) of bacterial suspensfon (15x108 concentra-
tion) (n each of five, dry sterlle, clean test tube
and record their O.D. using spectrophotome-
ter at wave length (WL) of 555nm for all bacte-
rial suspension of the studied species and
strains according to Ancn and Stieckentus
(1974), take the mean + SE, then repeat such
method for the all studled specles and strains
of bacterta.

(7) Procedure for Quantitative Determi-
nation of Bacterial Succinie Dehydrogenase
(SDH-ase) Enzyme activity adopted from
(Nachlas et al., 1957):

1- In five clean, sterilized and dry test
tubes put 1 ml of bacterial suspension
of each bacterlal species and strain,
then add 1 ml of succlnate substrat n-
cubation medium for SDH-ase enzyme
reaction In each tube, directly after mix-
ing record the O.D. of the mbdure (at
WL= 450nm) this step (zero starting re-
action time) is very tmportant for recog-
nizing the occurrence of the actual
SDH-ase reaction after incubation.

2- Incubate the above mixtures (In test
tubes) In the incubator for 1 hour at
379C and take the mean O.D.x SE

3- After incubation period record the O.D.
(at WL= 450 nm) of bacterial SDH-ase
enzyme.

4- Repeat the above mentioned methods
for each spectes and strains of bacteria.

(8) Procedure for Quantitative Determi-
nation of Bacterial ATP-asc Enzyme Reac-
tion (Mg2+-activated, Lead Method) for duf-
ferent apecies (atrains) of Bacteria (Adopted
from Wachstein and Medsel, 1857):

1- In five clean, dry and sterile test tubes,
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put lml of bacterial suspension of cer-
tain species of bacteria in each tube.

2- Add | ml of substrate incubation medi-
um for mitochondrtal ATP-ase enzryme
in each tube with gentle mbdng then di-
rectly record the optical density of such
mbvture [before enzyme reaction= zero
or staring reaction time)

3- Incubate the above mixiure (bacterial
suspension + ATP-incubatlon medidro)
in the tncubator at 379C for 1 hour,

4- After ineubation pertod add 0.5 ml of
ammonium sulphide 1% solution 1R
each tube with gentle midng (the colour
of the mbriure become dark brown).

5- Add 4.5 ml of the normal sallne solu-
on In each tube with gentle mbang for
diluting the mixture.

6- Record the optical density (0.D.) of di-
luted mbcure for each tube (thal con-
taining the brown end product of the 8-
nal ATP-ase enmyme reaction, the lead-
sulphide) at 555 nm wave length ac-
cording to Andreu et al..(1978)

7- Repeat the sbove mentoned methods
for the other species and strains of bac-
terla and recording the O.D as {me¢an +
SE) ol ATP- ase enmyme reactions

(8) The Semiguantitative Histochemical
Techniques:

The same histochemical techniques [or
SDH- as¢ and ATP- asc cnzyme applied for
frozen secllons of animal Ussucs according to
Nachlas et al., (1057) and Wachatein and
Metsel (1057) respectively which could adapt-
ed for bacterial suspensions to be applied
with {15x10% CFU) of baciertal cells concen-
tration, where equal volumes of 0.7ml of bac-
terial suspensians [of the each of the six spe-
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cles and strams af bacteria) and the speciilc
incubation medinm for ¢ach enryme on clean.
dry and sterflized glass alides to be incubated
at 37c? for | hr. In case of SDH-ase enzyme
reaction the shides left to drying after incuba-
Hon then counter stained with 2% ethyl green
solutlon then dried and mounted with few
drops of glycerol jelly and covered with cover
slide for microscoplcal examination. in case
of ATP-ase enzyme reaction additional siep
(after Incubation and drying) is adding of 1%
ammorlum sulfide, lefl to drying. counter
stalned with 0.5% safranin-o, dry and mount-
ing with glycerol Jelly, and covered with cover
slids to mlerascopical examination. the seml-
guantitative determination of the amount of
bluish violel formazan granuocles or pigment
in cage of SDH-ase reaction) and semiguan-
tative estimation of the amount of the lead
sulfide granuoles or pigment in case of ATP-
age reactions. The two enzymes are seml-
quantitatively described from traces (2] to in-
tense [+++++) reactlon accordding to Pearse
(1872).

{10) Statistical Analysis:

The obtained dala were slatlsUcally evalu-
ated uaing F-teat and T-student test accord-
g to Snedecor and Cochran, (1968)

RESULTS & DISCUSSION

(1) Bactertal isolations and ldentifica-
Hons;

Five [solates could be identuled as Bru-
cella melitensis (Biovard Neld straln), Bru-
cella  ovis, E.coll, Plesiomonas shigelliodes
and Salmonells dublin. The blotypes ol the
isolated bacteria and the oblained reference
strain of Brucella melltensis are tabulated in
table (1)
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{2) The Optical Denasities (0.D.) of Bacte-
rial Suspensions (16 x 10%) of Different
Species And Strains of Bacteria:

The least 0.0 of bacterlal suspenaions
was showed by Brucella ovis (255), Brucella
melitensis (reference sirain) (272} then Sal-
moneila dublin (38,8}, The mediom O.D. were
showed by Pleslomonas shigelloides (E54],
Brucella melitensis (Biovard fleld strain)
16746). The highest Q.1 was showed by E.Coll
(705). There were aigniflcant diffierence of O.D
between the all apectes gnd atrains of bacte-
rla [P < D.35) (Table 2.

(3) The O.D. of Bacterial Suspenaion (15
x 109) at Starting Zero Reaction Time Be-
fore Adding Succinate subatrate for Succl-
nate dehydrogenase Enryme Reaction:

All 0.0, of bacteral suspensions  WwWere ré-
corded at the Zero time before Incubatlon es-
aentially to know the osccurrence of the bio-
chemical reactions of enzymes for each of the
diluted 6 bacierial suapensions as follow: 187,
324, 335, 348, 245 and 212 for: Salmonella
dublin, Pleslomonas shigelloldes, E. Call,
{field malated sirain), Brucella melllensis (Blo-
vard fleld strain), Brucella melllensis [refer-
ence strain) and Brucella owvis respectively
and showed lower O.D than that of the indtial
bacterial suspensions,[lable 3).

(4) The D.D. of Bacterial Suspenalons Af-
ter SDH-ase Enzyme Reaction :

After incubation perfod of bactertal suspen-
sions with the substrale medium for SDH-ase
enzyme. Al the bacterial suspenstons of the
different apestes of bacteria showed signifi-
cant increase of aoplcal densities of SDH-aze
activites than that before incubation (starting
zers réeaction tme) but with different levels of
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enzyme aclvitles accarding to the bacterial
specles or stralns, there wiere slgnifeant dif-
ferences between the all six studied bacle-
rial species and striana. The highest O.D, of
SDH-ase activity were showed by E.Coli
(VD20 followeed by Brucella melelensis (S80)
then Plesiomonas shigelloides (950), the lower
0.D. of SDH-ase activity was showed by Bru-
cella ovis [358), Salmonella dublin (414). then
Brucella melitensia reference sirain [448). (Ta-
ble-3).

When comparing between the differences
between the O.D. before and after [B-A)
SDH-ase imcubation, we could arrangs the
bacterial species and straios
higher to the lower SDH-ase activities (the
actual enzyme reactions] as following: (1) E.
coll (the higher SDH-ase activity) (2] Bru-
cella melltenats (isolated). (3] Plesiomonas shi-
gelloldes, (4] Salmenella dublin, (5] Brucella
melitensis (reference atrain] then(8] Brucella
ovls (the lower SDH-ase activityl, as shown n
[Table 5].

fram Lhe

(6) ATP-Ame Activity Before Incubation
(At Starting Zero Reaction Time):

There were algnificant differences between
the means of the oplical densities of ATP - ase
of the different studied bacterlal speclees and
glrains before Incubatlon at Zero (starting) re-
acton Ume {Table. 4).

(B) The O.D. of Bacterial Suspension Af-
ter Incubation With ATP - Subatrate Medl-
wm:

There were very highly significant (P <
0.001) of the O.D of ATP ase acuvities of dif-
ferent specles and strains of bacterja after tni-
cubation period than that before Incubatlon,
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bul there were significant difference (P £ 0.05)
between the means of the 0.0 of ATP-ase ac-
tivites between the all aix studied species
and straina of bacterla, the higher O.D. of
ATP-ase activities were showed by Salmonella
dublin, Bruceilla melitensis {lsolated [eld
glrain) then E, Coll, but the lower 0.0 of
ATP-ase activities were showed by Brucella
roglitensls (teference sirain } and Brucella owvig
(Table-4) .

When comparing the differences between
0.0 of ATP-ase actvitles after and before
{#-B] incubation perlod {the actual enoyme ac-
tivity) we could arrange the bacterial specles
and strains according Lo the higher ATP- ase
acthvitles to the lower ones as following (1)
Salmonalia dublin (The higher ATP - ase activ-
ity (2) Brucella ovis, (3) Brucella melitensis
{reference strain) (4) Pleslomonas shigelloides,
(5] Brucella melitensis [Biovard feld atrain]
then (6] E.coll (the lower ATP - ase activity}
(Table -5).

(7] Relnftionshipes between the Actunl activi-
tes of bacterial SDH - ase  and ATP - ase ;

Approximately there were Wdirect relation-
ships between the activitles of SDH - ase and
ATP-ase of the studied bacterial species and
stralna according to the percentages of the
differences between the 0.D. after and before
(A-B) Incubaton periods with thelr apecilc
substrale medla (excepl that of Brucella meli-
tensis, referénce atraln, where the two en-
rymesd with the same percentage), such indl-
rect relationship pointed Lo that when activity
of 5DH-ase was increased, the actvity of ATP-
ase was decreased, In the same specles or
astrain of bacterium Az shown In [Table-8) and
Fig (1) .
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[8] Semiquanttative cytochemical Deter-
mination of S8DH-ase and ATP-ase Enzyme
ReacHons:

(a) BDH-ase Enryme Aotivity:

SDH-ase reactions showed: [ntense, mod-
€rate Lo strong., moderate to strong, submod-
erate, submoderate and weak Lo submeoderate
reactions In ; E. coll, Brucella melitensis (Blo-
vard field atraln), Plesiomonas shigelloides,
Brucella melitensis (Refl. strain), Salmonella
dublin and Brucella ovis respectively.

[b) ATP- ase enxyme Reaction:

The ATP-ase enzyme reactioms ahowed:
moderate, strong, moderate to strong, wealk o
submoderate, Intense and submoderate (o
moderats enzyme reaction n: E. Coll, Brueel-
la melitensia (Blovard field straln), Pleslomo-
nas shigelloldes, Brucella melitensis [Refl.
strain), Salmonella dublin and Brucella ovis
respectively, as shown in (Table-7) and fg.(2).

We iry through the current study Lo estab-
bshing a new growing approach for identfca-
ton of bacterial spectes and strains, such
method depends on the quanbitative estima-
tlon of bacterial enzymes spectro photomeltri-
cally after incubation with thelr specifle sub-
strates through the presenl cytochemical
techniques that adapted for bacterial suspen-
slons, such method alao carried ouf under
Mxed concentration and olher factars for atl
studied species and sbrains of bacleria
(Wachstetn and Meisel, 1867 and Nachlas
et ml., 1867). Previous cylochemical iech-
niquea for bacterial Succinic dehydrogenase
(SDH-ase] enzyme [ocallzation in E, Coll and
Bacillus subtilia [Sedar and Burde, 1865, a
& b) and sdenoaine triphosphatase [ATP -
ase] enzyme localization in Bacillus subtills -
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168 (Chrerepova, 1986). and tn E. Coll
(Voeiz, 1964) and Mikhaleva et al.,, (1984)
but without quantitative estimation of the en-
zyme reactions, only the workers aimed to lo-
calizatlan of the enzymes using combined cy-
tochemical and electron microscopy studies,
for establishing a basic knowledge on bacterl-
al enzymes.

The semiquatitative histochemical method
was previously used for tdentification of bac-
terial species, the cytochemlcal detection of
oxidase activity In the bacterial cells might as-
sist In the rapid presumptive identification of
some bacterial specles Jsolated from wounds,
cerebrospinal flulds and blood cultures after
adding dimethyl p-phenyl enediamine Hcl and
o-naphthal to a hanging drop of bacterial sus-
pension. Saw blue granuoles in the rods of
baclllus anthracls as acytochemical methods
for ldentification of such specles (Cooper,
1869).

Pulse-fleld gel- electrophoresis has been
developed that allows the differentiation of
several Brucella species {Charach et al,,
1867 and Jensen ct al., 1998). Brucella bio-
typing and distingulshing vaccine strains by
PCR can be accomplished satsfactory but
tbere has been limited valtdation of PCR for
primary diagnosis. The first specles- spectflc
multiplex PCR-assay for differentiation of Bru-
cella was described by Bricker and Halling,
1886. The assay named AMOS-PCR was
based on the polymorphism arising from spe-
cles -specifle locallzatlon of the insertfon se-
quence IS711 In the Brucella chromosome
and comprised five ollgonuclotide primers
that can identify and differentiate B. abortus
btovars 3,5,6 and 9. the modificatdon to the
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assay designated Bass-PCR have been intro-
duced over time to Improve performance and
additional strain-specific primers were incor-
porated for tdentification of Brucella (Bricker
and Halling, 1985 and Ewalt and Bricker,
2000).

Considering the serological ldentification of
Brucella in all epidemiological situations, it
should be stressed that the serum agglutina-
tton test (SAT) is generally regarded as being
unsafisfactory for the purposes of Intema-
tional trade. the complement fixation test
(CFT) is diagnostically more specific and stan-
dardized than SAT, some enzyme linked Im-
munosrbent assays (ELISAs) and Fluores-
cence polarization assay (FPA) are comparable
with or better than the CFT in additlon to its
simpler to perform and more robust (Nielsen

et al.,1064).

Previous trial for quantitative estimation of
SDH - ase enzyme activity by colormetric de-
termaination of the optical density after incu-
bation with the succinate substrate medium
with Baclllus megaterlum bacterial suspen-
slon of certain concentration by Hesa and
Dietrich (1980) without using such method
for SDH-ase reaction by other workers as a
method for bacterial identification according
to our avallable data till February (2011).

Our trial was carried out for obtaining the
optical densities of six species and strains of
bacteria for the two studled enzyme (ATP- ase
and SDH - ase). which are members of oxd-
dative phosphory!adon enzyme reactions and
encrgy metabelism in bacterta (Cavari et al,,
1868). The difinit mean values of the different
spectrophotometrically determined bacterial
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enmymes should be diagnostc for bacterial
species under Nxed factors of the cytochemd-
cal and bacteriglogical technlgues  for the all
the studied bacterial specics and strains, so0
that simiar fuiure complementary  shoedy
should be carried gut (o establishing a scicn-
tific table recording the optcal densitics of all
baclerial enpyme activities for the all specics
and slrains of pathogenic bacterla (fsolated
and reference straln] under the same stan-
dardized cytochemical and bacteriological
methoeds lor future dentlicatan of unkmown
aspecies and strains of bacterla,

There are sultable sacreening teats as :
Fozse Bengal test (RBT) and Buffered acldified
plate antigen test (BAPAT) as well as ELISA
and FPA, the positive reactlons should be re-
teated using a sultable confirmatory atralegy
(Wright et al., 1807).

The current study starfed to recording the
optical densities of bacterlal suspensions aof
the different studicd species and stralns of
the same bacterial concentration {15 x 108), a
similar study for recording optical density of
bacterlal suspension of Baclllus megaterium
by Hess and Dictrich [1880) end such opll-
cal densibes of the bacterial suspensions of
all pathogente bacteria and thelr atrains
should be recorded alse In the supposed scl-
entiflc table of enzyme activitics for sirength-
en or supporting the bacterial idenufication.
The bacterlal density in the bacterial suspen-
sion was previpusly recorded also by means of
a kleit pholocclorimeter vusing a green Miter
(Herrera and Garcia, 1872}

We recorded also the oplical densilUes of
bacterial suspensions directly afler adding
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equal quantities of substrate media for each
of the two studied enzymes, this slep i3 very
important for recording the starting time (zero
timec) of the cnzyme reacbon before the period
of Incubation in order to recognize Lhe occur-
rence of the ensmymatic reaction, as If there
was no enryme reaclion occur (for any wrong
in preparation of substrate medium or 10 the
cytochemical lechmigue) lbe optical density
remain approxmately the same after incuba-
Hon peripd, in contrast the signtlicant In-
crease of the opucal density after the period of
incubation than thal before incubation and
this change indicated the successful of the
erirymé reaction which then recorded after ex-
actly | hour incubation for all sludied bacleri-
al species and strains, and the difference be-
tween  oplcal density aflter and  belore
incubatlon pertod should be consldered (he
actual enzyme activity in each type of bacte-
ria. The resulls of the present study Indlcated
presence aof gignificant increase of the optical
densitics of both SDH-asze and ATP-ase en-
zyme reacUons after Incubation period than
thal before lncubation in all studied species
and sirains of bacteria,

The current work revealed that there were
significant differences of optical densities of
the two studied ensymes alter enzymalic reac-
Uons with thetr substrates between the aix
sludled species and strains of bacteria, this
indicated that there were significant varia-
tons in the levels of ensyme actvity bebween
the sludied species and strains of bacterla,

The present results recorded that the high-
er SDH - ase enzyme reactlons were showed
by E. Coll and plesiomonas shigelloider, and
the lower SDH - ase engyme achivilles were
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showed by Brucella ovis and Salmonelia dub-
lin. The higher or lower SDH - ase enzyme ac-
thvity may be correlated with the acibvities or
pathogenicity of such bacteria conaidering the
role of such enzymes ln bacterial biochemlistry
or physiology. The SDH - ase 15 the anly mem-
brane - bound enzyme of ricarboxylic acid
(TCA) eyele In E. Coll converting aucclnate to
fumarate [(Marr, 1880) and therefore, the en-
myme participate [n respiratlon (cddation].
Herrera (1868) sugpested that the carban-
growth substralc was important in governing
the synithesis of SDH - ase In E. Coll, The
aDH-ase enzyme appears to play an Llmpor-
tanl respiralory {oxidativel role since amyial
(NADH - oddase Inhibitor) inhiblted growth
only slighlly when the succlanie was used as
carbon source as compearéd to the strong inhi-
bition of the growth wheén glucose was used
as carbon source (Herrera and QGarcla,
1872), but Cavarl et al., {1988} found thal
the actwvity of 5DH - ase cnzyme inereased
about sixfold when E. Coli was grown [0 a
succinate - conlaining medium as compared
to the actuvity of the ercyme shown by bacte-
ria growm In @ medium contalning fumarate or
marinital.

The present results revealed (hal the aden-
trl phosphatase (ATP - ase) enzyme
was significantly Increased in all studied spe-
cles and strains of bacleria alter incubalon
peripd than thal before incubation, also [0 was
found thal the higher ATP-ase reactions were
recarded (0 Salmonclia dubin. but the lower
ATP-ase reactlon were detected in Brucella
melitensls (reference strain) and Brucella ovis
According to our knowledge, no avallable data
could ke detected aboul the guanblative anal-
yals of mitochandria ATP-ase Aclivity in bacte-

QaRine -
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ria, a0 thatl further atudy should be carrled
out on the relaton of enmyme activity [higher
or lower) with the activities, pathogenicity or
virulence of bacleria considering the role af
mitochondrial ATP - ase In hreakdown of the
ATP molecules and énergy metabolism in bac-
teria.

The present gualitative eytochemical study
revealed that the end product of mitechondrl-
al ATP-ase enzymabe reactlon as dense gran-
uoles of lead sulfide as shown [n flgures (1:C
& D, simlar eyiochemical studies could be
obtained by Goldflscher et al., (1964) and
Cherepova et al., (1888).

From the obtained dala, we should con-
aider thal the actual enzyme activity was the
difference  between the oplical density after
ineubation and that before incubation peri-
od of the enzyme with s apecific subatrate
medium, so we could arrange the studied bac-
teral species and slrains according to the ac-
tual SOH-ase enzyme reaclons from the high-
er (o the lower reactlon as: (1) E.Coll [the
higher reaction) (2] Brucelia meltlensis (Fiald
sL.] {3) Plesiomonas shigelloides, {4) Salmonel-
la dublin (5) Brucella melitensis (reference
strain) and (6] Brucella ovis [the lower SDH-
age reacton). But In case of aclual ATP-ase
reactbion we could approsdmately oblained
the reverse arrangement (o that of actual
SDH - ase reaction as (1] Salmonela dublin
(the higher ATP-aae activity] [2) Brucella ovis,
(3} Brucella melitensis (reference strain) [4)
Pleslomonas shigellotdes (5) Brucella meliten-
sis (Fleld at) and (6] E.coll (the lower ATF-ase
reaction). When we relate each of the actual
enmyme aclivity of any specles of strain of
bactleria to the higher actual enryme activity
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for oblaining percentages and arrange auch
pereentages from higher (100%) to lower, so
a clear  reveralble  relationships bebseen
SDH-ase and ATP-ase enzyme reaction of the
alx studied bacterial species and straina of
bacleria could be cblained as lllustrated in
Ogure {2). '

It should be differentiate between two types
of bactertal ATP-ase enzymes, the fIrst is the
membrancus ATP-pse with the rele of lon
transdport and membrane permeability (Witt-
man, 18981) and the second 18 the mitochon-
drial ATP-ase with exidative phoesphorylation
function [Coldfshes et al., 1884) The re-
wverse relationships between the activilies of
SDH-zse and ATP-ase indlcated that such re-
actions were carried out In bacierial milto-
chondria, where the SDH-ase reaclion is
activated by presence of both succinate and
ATP-moleculea, as the lack of ATP idue o
ATF-ase enzyvme acbvetion] and the excess of
oxaloacetate leading to suppression of SDH-
age enzyme reactlon in bacterlal and plant
cells as recorded by (Hung et al., 2010) and
olhers,

There were many methods for dentilicaton
of bacterial apecies and strains auch as the
biochemical methods [Cowan and Steel,
1074). serologleal methods (Oda et al,
1878)., morphological characters (staining)
(Baely and Beott, 1878). polvmerase chain
reactlon (FCR) for bacterial nuclelc aclds
(Sambrook et al., 1088). and other methoda.

Brucella organisms could lsolated o tryp-
tose soya agar, and Brucella gar, the serolog)-
cal detection of anUbodies by rose bengal tesi,
ElISA, 2-mercaptoethanol, tube agglutination
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test, and conflrmed by complement fxation
test.

Consldering the {dentification of Brucella
organism, any colonies of Brucella morpholo-
gy should also be checked using gram- or
atamp-stained amears. As the serological
properties, dyes and phage sensitivity are
usually altered In the non-smooth phages, at-
tention to the colonial morphology I8 essential
in fyping tests, the biochemical tdentification
of Brucella organisams by urease, ooddase and
catalase, also the serological Identiflcation by
glide agglutination test with ant- Brucella
polyclonal serum. The species and Blovar
identification with A-, M- or R. speciflc exper-
tise In these methods, the use of several phag-
es (e.g. Thilissl (Th), Weybridge (Wh], lratna-
gar (1Z) and( R/C) provides a phagotyplng
aystern for practical [dentification of smooth
and rough specles of Brucella (Alton et al.,
18988).

The recently development of PCR provides
an additional means of detectlon and (dentifi-
cation of Brucella sp. (Bricker and Halling,
1006) despite the high degree of DNA-
homalagy within the genus Brucella, several
maolecular methods incuding : PCR. PCR re-
striction  fragment length peolymarphism
{RFLP} and southern biot have been developed
which allowed to a certain extent to diflerentl-
atlon between Brucella species and some of
thelr blovars [Bricker, 2002 and Moren et
al., 2002).

Pleslomonas ahigelloides 15 a gram negative
rods - shaped bacteria 1solated from fresh wa-
ter and ils (sh, shellfish, cattle, goats. pigs.
cats, dogs and monkeys, it Is placed among
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entercbacteriaceae and antigenically similar
to shigella which cross reacted with Shigella
sonnel, but it can diferentiate from Shigella
in diarrhoeal stool and Shigella Is oddase
posidve, also pleslomonas is DNA-ase nega-
tlve. Plestomeonas alsa should be distn-
guished from Aeromonas by blochemical lests
{Niedeiela et al., 2002).

Salmonella dublin |solated from feces, milk
and from aborted foetl (NADIS, 2007). Taxon-
amy of Satmemella dublin as gamma proteo-
bacterta. enterobacteriaceae (Salmonella en-
terica). subspecies [enterica). serover [dubling
Salmenella dublin (strain CT - 020 21853} I8
a2 bovine adapted serower that s genetically
relaled to Salmonella enterltldis that live in
bovine intesting (Ravel et al., 2008).

The enzyme [(-glucuronidase uwsing the
substrate methyl umbellferyl glucurondde
(MUG) in the agar or broth media is a test far
E. Coli 0157 strains, the reacton give a (luo-
rescent product wihdch could be delecled by
long wave UV-light, so the E.coll 0157 H7
and the non-motle E. coli 0157 straina that
produce shiga-llke toxin was lack such en-
nyme that are MUG-negatve, such MLUG-
assay may be used in conjunction with testing
fer sorbitol fermentation and agglutinatian ln
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E cell 01567 - antserum is considered a use-
ful screening test for toxigenle strains of E
coll 0157 (Thompeon et al., 1860)

Based on the current study, [t conld be ob-
tained six significantly different optical densi-
tes for each of the two mitochondrial en-
rymes actvilies for the six studled specles
and strains of bacteria as followlng: The opti-
cal densities of both {succinic dehydrogenase
& ATP-ase enzymes) for E, coll, Brucella mell-
tenals (Field st). plesiomonas shigelloides,
Salmonella dublin, Brucella melilensls (refer-
ence strain] and Brucells ovis gre [1020, &34],
(980, 690). (950, 660). (414, 870 (484, 414)
and [356, 576) respectively, for (SDH-ase &
ATP-ase respectively in each bracket). and
there were reverse relationships hetween the
actual reactions of the SDH - ase and the ATP
- ast eneymes In most bactera, Further com-
plementary studles for Inctuding all pathogen-
ic hactéria (1solated and reference atralns] and
all bacterial enzymes for further gquantitative
cytochemical determination af bacterial en-
zymes using siandardized cytochemical and
bacteriological methods to preparing complete
sclentific Lable for future Identification of un-
known sampies of bacterial apecies or siralna
as a new sole or as a further conflrmatory
methods for bacterial identification.
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Table (1): The different Bactenal olated and reference strans with thewr biotypes (family or

colony shape):

Brucella Brucclla

Bacterial | E.Coll | Salmonella | Plesiomonas melitensis Brucella melitensis
isolates Tublin Shigellyodes (field Si.) BVIE (references
Sirain 16M)

Serorypes |0157T'H7 | Biorype-D | E Plasiomonas Biovar-3 Rough type,  Biovar-I,
{Smaath Reld {smoath rype)
strain]

Table (2) : The Oplical Densities (0.D) of The Baclenal Suspensions {15 X lI:I"jI of The

Different Species and srains of Bacteria (At WL = 5550m).

Species of | Salmo | Plesl-omonas | E.Coll | Brucells | Brucella | Brocella | LSD
Bacteria | wella Shigell- meliten- meliten avis P(=
dublin oldes sls gls 0.05)
Field st. (Rel.5¢.)

0. of A B C D E F
186 654 106 676 275 55 j.152

Bacienial + + + + + +

Suspension | 4.12 130 3.100 3100 4.80 142

BB {15 LS0= Leagt Signaficant Differences babween means (ai B £ 0.05) (23 The differcnl litvers in (ke w denole
presence of significond differcnec bepween the 0000 of the difTerent species (od p < 0.05),
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Table (3) : The guantitanve esomation of the succinic debydrogenase (SDH - ase) enryme

eotiviies in the different species of bactena (At wl = 450 nm).
Species of Salmonell | Plesl- | ExColi | Brucells | Brucells | Brucells | LSD
Bacteria a dublln | omonas mellien- | melifen DViE P
Shigell- slis sls {=0.05)
nides Fleld ez | (Ref.SL)
0.D before A B C D E F
incubation {zero 197 124 135 148 243 212 5875
time) o . x e -2 :
2.95 3.30 267 142 1.78 2 42
0.0 of SDH-ase A B C D E F
enzyme nctivity 414 950 1620 980 e 156 | 2694
after incubation * + + + + +
2.04 316 2128 1.65 1 45 228
aEmE i T LT L -

“HNG: (1] LD = least significamt difference berween means(at P £ (L05) (2) -The difflerent haers i rows denote
presence of significant difference berween the means (m P < 8.08) (3) =** = prescnce of very lughly wgnificam
difference between each of twa means before aod afler ncubation ia each oype of baciens (ut P £ 0.0d1).

Table (4): The Quantitative Estimaton of The Adenosine — T Phosphatase (ATP-ase | Enzyme

Aclivilies of The Different Species and strains of Bactens (At WiL= 565 Nm)
Species of Salmonella | Plesio- | E.Coli | Brucells | Brucells | Brucells | LSD
Bacteria dublin monEs melilen- | meliea ovis P
shigell- sis 815 (<0.85)
oides (feld | (RefSL)
Se)
O.Dof ATP - age A B C D E F
enzyme before 295 520 574 580 246 240 5.143
incubation * + + | + *
1.65 228 .61 i 1.27 116
O.D of ATP- ase A B C D E F
enzryme activity £70 660 %) 690 414 576 2.064
e incubation 3 £ |2l 3 : :
104 1.90 2.04 1.79 243 1.06
L1 EL L] LR - LT -

WB 1. LED = lesn opribens duTerence biresen wrsmm.mm:mum depuie
presencs of opnificen dilference brween the madnd [0 P £ 005) (3) *** = presence of wery-highly significan
difierence berveeh cach of fwo means before and aller incubation @ each type of bacierie (31 P < 0.001).
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Table (5): Arrangement of SDH-ase and ATP-sse enzyme activities from higher to lower levels
sccording to the differences between the means of the optical densities after and

before (A-B) { The actual enzyme activiey )
# Actual | Number 1 F 3 4 8 ]
Activity | —
Specles E.Coli Brucella | Plesiom. | Salmonella  Bruclls Brucella
SDH-ase melitensis shig, dublin Melitensis ovis
Field st (reference
strain)
(A-B) aEs 632 B16 217 201 144
Inewbation _
ATP- gxe | Species | Selmonella | Brucella Brucella Plasiom. Brucells E.Caoll
dublin ovis Meliteusis Shig. meliteusis
{ref, 8tr.)
(A-B) 575 136 168 140 110 30
Incobation

WEB={A& =B}= 0.0 afler incubalion = 0.0 belode meubation

Table (6): Relationship between the percentages of the actual bacterial enzyme activities
berween SDH—ase and ATP-ase enzrymes in relations 1o their higher actual enzme

actvities .

—— E.Cali | Brucelia Pleslom. | Salmouvella Brucela Brucella
Bocrerial melitensts shigel, dublin melitensis ovis
species (Fleld St. ) (Refstraln)

i, Enzymes

SDH - ase (%) 100 26.1 91.4 1.3 293 21
ATP-ase ) 19.13 4.4 100 2532 584

(%) [
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Table (7): The Semiguantitative Histochemical (Cylochemical) Estimanon of Bactenal SDH-
ase and ATP-sue Bnzyme Reachons in Different Species and Strains of Bacteng

Bacterial Brucelln Plesiom. | Salmonells | HArucells Brucella
ipecles E.coli | melitensls | shiggel. doblin melitensis Ovis
Im_' Fleld st. (Refst)
| ¥ Activity
SDH — ase At A-kt A= -t = s
ATP-ase ¢ aal A+ +a Hhas =

rEMsiagh, ===+ = lmznge reachion

120
100
80
60
40
20
0

m
s
=

BT ELT
Hjaang

1288ms

worEaf g

mmang

5

SIEuMIal
MUy
FAD Fonug

HB. &= Trece resciion, & = weak reachon | 44 = submdensle reacmon 444 = mademie reschon, 4+ = sinong

- # - SDH-ase
—s— ATP-ase

Fig. (1) : The revene relationships between the percentages of the actunl baciorial enryme aclivities

berween SOH-ase snd ATP-ase enrymes in relstions 1o thelr higher actual enzyme sctivives
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(1-A) (I1-5)

(1-C) (1-D}

Fig (2): Showing The SDH-asc (1-Af&1-B) and ATP-ase (1-C & 1-D) enzyme reaclions in hacteria
affer incubation with Lheir specille substrates a8 Mllowing: (1-Al imense [+++++] S0DH-
ase engyme reaciion ln Ecoli. {1-B): weak (0 submoderate [+ #] SDH-ase activity in Bru-
cella ovia [1-C): intense (#++++) ATP-as3¢ enzyme activity in Salmanella dublin. (L-D):
weak (o submoderate (+ *) ATP-ase enzyme aclivity In Brucetla melitensis (rell SUL.{X 400)
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