CHAPTER II

LITERATURE REVIEWS
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P. pseudomaildei-is a ‘-"'gram—negat:tve rod, nonacid-fast, non-

—

spore-bearing, chaz‘:igbei- -ic bxpolar staining, and obligatory aerobic

bacterium. This 1sm possxsses polar flagella and is capable of

oxidizing carbohydrat "li)strat‘es The DNA shows the highest molar

percentage of guahi LU, cygosi&e' (GC,67-70%) of any of pseudomonads

(24,25). Colonies inound Bnnoth wrinkled and more wrinkled,

heaped up appearence o longér 1ne&t}10n. P. pseudomallei is capable
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of producing an 1nsoluEIe plg:}nnt that causes a brown color to

colonles and sightly aromatlc odor assoc:ét.ed with pseudomonads.
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On blood agar,véartlally hemolysis is seen V_gf%er 48-hr growth . The

four types of amtigen were demonstfated “in P. pseudomallei; an
envelope antigen . (K), the soluble-antigen,the flagellar antigen and

the somatic’ antigen” (0) (6).
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The pathogenesis of melioidosis is still a mysterious problem.
According to histopathological studies (8), some patients have
suppurative lesions and others have granulomatous lesions. The type of

reaction may be related to the duration of the illness, the degree




noayanan u'.l.l?"l..'.“ na .]

s ~
PNAINTWUHIINU 1Y l

of immunity, the virulence of the organism or the number of infecting

organism.

Melioidosis may exist as an inapparent infection , then
suddenly emerges at a later time as an acute or chronic infection.

Histopathological studies tisége from animals with experimental
'y .
pulmonary melioidosis (26) showed ~that animals with acute infection

had nodules of caseation and?necrosis,‘with hemorrhage primarily in

lungs; while animals” with c¢hronic infection had metastatic areas of

caseous necrosis %9dﬁ§nanulat103 large progressing abscesses . Tissue

necrosis is a régaiar fEature 1n both acute and chronic melioidosis.

The cause of neﬁyé;is s ,rumé known, but it may be due to either
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vascular damage or ta-the direct action of bacterial enzymes (8,26).
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The studies of Rappaport eﬁJal (9) demonstrated an endotoxic

substance from | P. 'pseudbmallel wh1ch wad.heat stable and similar

to the classiéai‘ endotoxin in its biolg§i%al and physiological

properties . It elicited a dermal hemorrhagi¢ necrosis in rabbits.

Nigg_ et al. (10) showed that the mice were dead after
inoculatien ~with nP: pseudomalléd) ~bat Orho gross, lesions have been
found. ; Moreover, the cell-free filtrate of the organism caused skin
necrosis in guinea pig with intradermal inoculation. The causes of
death and tissue necrosis were suggested to be from the heat-labile
lethal toxin and necrotoxin, respectively (27,28). The necrosis
might be caused by proteolytic enzyme, since necrotoxin preparation

posessed proteolytic activity , whereas the lethal toxin was separable




from the proteolytic enzyme by differentiation inactivation (11).

Liu (29) demonstrated that culture supernatant with hemolytic
activity ,which was prepared by the cellophane plate technique, could
kill mice after intraperitoneal injection. Later, Ashdown et al. (12)

determined the prevalence of virulence factors of P. pseudomallei by

screening 100 clinical isolates faf extracellular enzymes. It was
found that 97 strains produced licithinase and hemolysin. Ninety-six

and ninety-four strains produced lipése and protease, respectively;

but none produced elastase. 1
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In recent yearg, /Yang et};_ al. (14,15) studied P. pseudomallei
H a I

siderophore, named mallecbactin, * which can uptake iron from host
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proteins such as transferrin- and ia_‘&;qferrin to replicate and maintain
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infection in host tissBe. In ‘g?dition, resistance to bactericidal
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action of normdl < human serum (30) and suf:.vi,val in human phagocyte

o

(31) may be an“ifiportant determinant in contributing to virulence

and pathogenesis. -

Hemolysin

Hemolysin is an extracellular substance which lyses red blood
cell and differentiated eukaryotic cell (16). Bacterial hemolysins
produced by a large variety of gram-positive and gram-negative
bacteria are often found associated with clinical isolates. They are
considered to be factors contributing to virulence. For example,thiol-

activated hemolysin of several gram-positive bacteria include strepto-




lysin O, pneumolysin, listeriolysin O, cerolysin (32). Actinobacillus
pleuropneumoniae produced heat-labile hemolysin (33). P. aeruginosa
generated two kinds of hemolysins; one is a heat-stable glycolipid
(34), and the others are héat-labile hemolytic phospholipase C (PLC-H)
and nonhemolytic phospholipase (PLC-N) functioned cooperatively with
alkaline phosphatase under phosphate regulation (21,35-36). The two
hemolysin determinants of Proteus “-175;:" were demonstrated (37). One is
similar to the Ewwcoii-hemolysin (HlyA)" and has a Ca2+-dependent
activity. The other‘;,fot_md only in Proteus isolates, has a Ca2+-

independent activity! ) ' i
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Ashdown et a;! (12) demalhstrated the production of hemolysin

from clinical 1solates gF -4 B4 psewdanallez and noted that there were
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at least two kinds of hemdlems : Ohe wag heat-stable hemolysin which
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produced alpha hemolysis = Ipﬂqas_ weakly cytolytic and seen only
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as small hemolytic zones around heavy growth fon sheep blood agar. The

other was heat:'-l%bile hemolysin which had s;;z%ngly cytolytic actvity
and was capable. of producing alpha-hemolysis around well-separated
individual .eolonies .-On, ~sheep - blood ; agar, .The-latter hemolysin was
cytolytic ‘against many kindS of erythrocytes, with human erythrocytes
being-, the  most-susceptible, topits activity s The hemalytic actvity was
most active in an acid environment (pH 5.5) and inhibited by sterols,
particularly cholesterol and 7-dehydrocholesterol. Kongcharoensuntorn
(23) determined hemolytic activity on human blood agar of 13 clinical
isolates and 2 reference strains of P. pseudomallei by cellophane
plate technique (29). It was shown that hemolytic activty was ranging

from 2 to 256 hemolytic units (HU)/ml .
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A mechanism common to several hemolysins of gram-negative
bacteria is distruption of the target cell membrane by the formation
of defined sized transmembrane pores (38) since they interacted with
sugars or lipids which could ;?resent the membrane receptors on
target cell membrane (39). These pe‘ffgy allowed dissipation of target
cell transmembrane i’bp gradlen'.gs but retained cytoplasmic protein
within the cell, r'g,gu‘l’t' g in increased imtracellular colloid-osmotic

pressure due to movin 1nto the cell. Consequently, the RBCs

swelled and lyse 1; eocatgple_,, E. coli hemolysin created trans-

membrane pores of ap o;{lmat.ely33 nm effective diameter estimated by
using osmotic prot t?én ekperﬂifént‘.s (40). It induced rapid efflux

of cellular K+ and 1nflux of Ca2*_jjollowed by cell swelling and

hemolysis. For Moraxella lgovis @plysin , transmembrane pores in
ey Jod=

bovine RBCs, apgi‘bximately 0.9 nm, occurred ﬁy the same mechanism as
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described above “f{(_l) .

The acitivity") 6f bactériall poréiforming ‘hericlysin is affected
by divalent cations such as Ca2+, Mg2+, 2Zn2+. For example, E. coli
hemolysin required Ca2+ for induction of hemolysis (42). Additionally,

Ca2+ can enhance cytolysis in M. bovis hemolysin action (41).




The hemolytic activity also depends on temperature. Tempera-
tures ranging from 25oc to 37oc are optimal to produce the hemolysis,
probably because these temperatures contribute to the stability of the
lytic components (39). Moreover, it appeared that PH (12), assay time
and hemolysin concentration affected on its action (43) . Under various
conditions, the pore sizes with diameter ranging from 0.6 to 1.2 nm

.

due to the action of E. coli hemolysin“c;;ould be inferred (43).
-
In addition, «hem6lysin is sensitive to some substances. For
example, E. coli hemoly€in is Aensitive to lipase such as phospholi-

pase Az and phospholipase ' C. :'I"hey inactivated hemolysin without

affecting the size/ of J.t‘)é‘r"no,.‘Lysil)) f)rotein (16) . Hemolysins of gram-

positive bacteria are usually :acti‘}\;atéd by thiol-reducing agents and
7 F
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inactivated by sterols (32) =

Bacterial “hemolysins have been studieéd and it was found that
they play a{significant;role in pathogenesis < although its mechanism
remains unclear. For example, E. coli strains were isolated from all
sites /~offypextraintestinal dnfettion dte fréquently Homélytic (ranging
from 35 to 59%) (44,45). In contrast, the incidence of hemolytic E.
coli in the feces of normal persons has been estimated to be from
8 to 18% (45,47). Similarly, Vibrio parahemolyticus (48) as well as
Aeromonas hydrophila (49) causing the infection were mostly hemolytic

strains.
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Welch et al. (17) transformed plasmid carrying hemolysin
gene into avirulent non-hemolytic faecal isolates of E. coli. The
high mortality of rat was observed after receiving intraperitoneal
injection of this strain. On the other hand, no rat death was found
when non-hemolytic E. coli which had plasmid carrying mutated
hemolysin gene was injected. It was shown that hemolysin can enhance
the wvirulence of extraintestinal fEf. "’Epli infection (17) . Moreover,
Hacker et al. (50) .determined Jdifferent levels of toxicity in mice.
It was found that hernolysa.n was also asgociated with high levels of

toxicity for mice aﬁcer 1ntraper§toneal injection.
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In the studi ot correlatsnorf between the hemolytic activity of
P. mirabilis and the mvas:.ve abil'ity suggested that the bacterial
#
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hemolysin may be 1nvq1ved‘ 'J.n the
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sion process (19). From deter-

"‘-J

mination of 50% lethal asse (LDE}O) in mice, the aerolysin-negative

-q‘

derivative had iull tox1c1ty when it was remtroduced the wild-type
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aer determinant,’ Addltlonally, this organ;fg‘Sm was isolated from the
spleens and 1livers of the dead mice as‘well as the detection of
antibody to aerolysin.{16)x &. monocytogenes™, expressing listeriolysin
O and Clostridium perfringens expressing perfrinolysin O can disrupt
the phagosomal membrane ;and grow within macrophage’ te\e8cape from host
immune system using Bacillus sultilis as a model in study (20,51).
The PLC fraction from P. aeruginosa an cause paralysis, dermonecrosis,

vascular permeability, and death in mice (52).
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The introduction of molecular techniques is useful for
detailed studies of hemolysin synthesis and transport in a number of
bacteria. The isolation of the genes and their gene products, in

conjuction with the study of animal models, has helped to elucidate

&

the contribution of hemolysin to f£he ""i{;i-xulence of hemolytic strains.

The studies of hemolysin have b&en performed in the followings:

Hemolysin frem E. cold 1
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Hemolysin (hly) dé;ehninants of E. coli are located

either on the chromosaﬁe; or. ‘on the plasmid (45). The plasmid-encoded
/ 7 )
hly determinant is flar)kegi ‘by in's'é:r'ft:i’.on sequence (IS), whereas the
& Tkd L : "j
chromosomal-encoded  hly 7determi};§ant may be located on larger
2=
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chromosomal insents that carry short, d:Lrectly repeated sequences at

their ends. Both:’é]eterminants are highly hanqi%ous (53) and consist
of four cistrons,-designted as hlyC, hlyA,” hlyB, and hlyD, res-
pectively (16,32, 54;,55) + ~These ~ four hly~, .genes are controlled by
at least two promoteérs: one promoter is located proximal to hlyC for
the transcrmiption of AilyC; chlyAnand hiyB™ As€cond promotor initiates
the transcription of hlyD. By using transposon mutagenesis, it can
be noted that HlyC and HlyA are essential for the synthesis and the
transport of active hemolysin across the cytoplasmic membrane, whereas
HlyB, HlyD determine the transport of hemolysin across the outer mem-
brane (32,56). Active hemolysin is 58 kilodaltons (kDa) derived from

the 106 kDa precursor in transportation. During analysis of plasmid-
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encoded hemolysin, the 600-bp sequence hlyR was characterized. It
is located upstream of hlyC and essential for the enhancement of
synthesis and transport of hemolysin (57). Similarly, the hha gene was
identified by mutation in the E. coli chromosome which resulted in
high expression of hemolysin (58,59). However, the regulation of

hemolysin gene expression in 'E.  coli are unclear and required

& ,.e'"
for further study. o
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Hemolysin from*P. mirabilis

r

Welch (g0) identified two different hemolysin determi-

nants which were molecglatlir _glo;k_gd"' . One (hpmA) is similar to E. coli

d

hemolysin (HlyA) a:é has . a Ca2+-dependent activity. The second

»

i o
hemolysin (hpmB), Cazf-;nqeﬁendeﬂé _‘_lfagjel_molysin, only found in Proteus
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sp. This gene was cloned from P. mirabilis strain 477-12 into pUC19

i el S

(37) . The DNA sequence of é 7,191-bp region/ ’,_’vgas determined by using

subclones of recofbinant plasmid harbored hpmB and hpmA. It revealed

two open reading frames (ORFs) encoding polypeptides of 63 kDa (HpmB)
and 166 kDa.; (Hpmd), by ., using,in vitro transcription-translation and
immunoblotting. = In addition, it was shown that HpmB is necessary for
the' extracellwlar, .secretion andshemelytieractivity ofi the structural

hemolysin HpmA.
Hemolysin from Serratia marcescens

A 7300-bp fragment of DNA encoding hemolytic actvity

was identified and sequenced by using chain termination method (61).
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It consisted of shlA ORF and shlB ORF encoding polypeptides of
165 kDa and 62 kbDa, respectively. Both were required for hemolytic
activity. Uphoff and Welch (37) revealed significant nucleotide

identity (52.1%) was seen between shl and hpm hemolysin gene sequences

of P. mirabilis. The predicted amino acid sequences of ShlB and ShlA

are also similar to those of HpmB and HpmA, the respective sequence

/4
identities being 55.4% and 46.7%. E,Vif
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Hemolysin fromﬁsggqptocbccus pneumoniae

. rd \

Walk gt Ful & (621 1solated a recombinant lambda bac-
teriophage which é;f;iéd Y pﬂfumoly31n gene from S. pneumoniae
serotype II (N ;%65 and thls‘;psert of 1650 bp was subcloned and
sequenced by using ége dldaaxy chaﬂn termination method. The sequence

f
revealed two ORFs wh1ch eneeded Eﬂeapolypeptldes of 56 kDa and 53 kDa
. H / J""'-_i_“

4
observed in the in v1tro transcrlptlon Eranslatlon system. The

predicted amlngziacid sequence of the polyggbtide revealed a single

cysteine residues located at 44 residues from the C-terminus.
Hemolysin from' P. aeruginosa

Vasil et'al."(35)" had cloned and mapped phospholipase C
(heat-labile hemolysin) gene of P. aeruginosa PAOl1 in PBR322. This
gene encoding 78-kDa hemolytic phospholipase C (PLC-H) was subse-
quently sequenced by Pritchard and Vasil (63). By analysis of an
insertional mutation, Ostroff et al. (36) found a 77-kDa non-hemolytic

phospholipase C (PLC-N) of which the amino acid sequence
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was 40% identical to that of PLC-H. For the predicted isoelectric
points (pIs) of these two proteins (64), PLC-H is an acidic protein

(pI 5.5) whereas PLC-N is a basic protein (pI 8.8).

Hemolysin from P. cepacia

In the » Qﬂ“ !.//ﬂ hemolysin, a hemolytic PLC
gene was 1dent1f1edy a éne w fragment from the plc-H

gene of P. aerugino .\w found that two closely

. and u"l,,{g-kDa protein. These two
] Y x N

linked genes enc
proteins were requiz £ ,hemc:g.ytic PLC activity in E.

cold.

eterminant was cloned

from P. pse le.i st::ei'n»‘fg /! 8 and screened for

hemolytic act1v1ty\-j>y cellophane plate technl e (23). It was found

three trans m gjasrﬁ WC3 PWC7 and pWD1
of which th e approxlmately 0.9,0.9 and 5.6 kb respectively.
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