CHAPTER IV

DISCUSSION

Anti-LPS factor was initially characterized in horseshoe crabs Limulus
polyphemus and Tachypleus tridentatus (Aketagawa et al., 1986 and Muta et al.,

1987). It is a small basic p ’é in hemolymph, which binds and

neutralizes bacterial en as a strong antibacterial effect

especially on the gro bacterla (Morita et al., 1985).

From Expressed Seque isis of P. monodon hemocytes,
several cDNA clone
horseshoe crab were 4L s es were redundant indicating the

wonddon hemocytes. The entire

amino acid sequen { -' o homology to anti-LPS factor
from the Atlantic hers seral lyphemus. The amino acid
sequences alignment o anf;a{fP:S £ :::'—_é:f urified from the horseshoe crabs, L
AN .
polyphemus and T, trzdenmyandm r shrimp P. monodon deduced
: o Vi
amino acid sequé -,-f--,-:---_:- ------- stal X program owed the two conserved

cysteine residues arﬁ COnserve NO 1tivﬁy charged residues between

the 2 cysteine residues. ;he cysteine re&iflues are necessary for disulfide bridge

formation lﬂ% &}%&] %@&w En]c{qxﬂ ﬁtively charge residues

are involved M the binding with phosphate _groups in 11p1<ux portlon of LPS,
re ] G TR T AR e e s
LPS fabtor contains an extra 26 amino acid residues which was proposed to be a
signal peptide for protein transport. This region is also highly hydrophobic,
which is similar to those found in the horseshoe crab proteins. These results
suggested that the structure, function and mechanism of action of anti-LPS
factor protein from P. mornodon should be similar to that of the homologous

found in horseshoe crabs.
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4.1 Expression of 6XHis Tag anti-LPS factor in the baculovirus expression

system

The baculovirus expression system was chosen because the antibacterial
activity of the expressed protein, anti-LPS factor, maybe toxic to host cells of
bacterial expression system. The host of baculovirus was insect, which was an
arthropod as same as shrimp, consequently the expression and modification of
gene products are probably more similar to P. monodon than other eukaryotic

expression system. This systenxb\ * e/fn mber of advantages, including high
expression level, limitles%_o'fi th ed protein, efficient cleavage of

——
signal peptides , post@@al diﬂmd corrected protein folding.
expr
a

Two versions ‘ssmg*\\ﬁ\m Tag full-length and 6XHis

%

ﬁ' the pMn were constructed in the

Tag NH,-terminal \%

i

and Hai, 1994; Rank et al.;;;ﬂjéjl_)f J,»

i (Borsing et al. 1997; Kaslow and

fal

e ]

Shiloach, 1994), tharimalian cells (Janknecht
Nordheim, 1992):1- d baculo‘;i_'
Schmidt et al., 1998).)

n thiﬁ ﬁi‘j‘ewﬂmﬁw ﬁuorﬂﬂjfull-length and NH,-

terminal truncated were observed as an over express protein band at 15 kDa

¢ ' a/
(Figugaﬁ ﬁ {ﬁ 0 Tq ﬁmm ﬁinfected cells.
Proteirif r :l 0 celﬁé alggcg wi :Lo virus strains did not show any

antibacterial activity, no inhibition was observed (data not shown). To

investigate whether the absence of the recombine protein was due to the lost of
the recombinant gene, the existence of anti-LPS gene in viral DNA was
determined by dot blot analysis. The result showed that the anti-LPS gene was

still present in baculovirus genome. These results indicate that there might be
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very low level of expression or no express at all despite the presence of anti-

LPS gene in the recombinant baculovirus genome.

There are many factors affecting protein expression level in baculovirus
such as, virus passage. Virus stocks are prepared by infecting cells at low MOI
(<1) [multiplicity of infection,(plaque-forming unit/cell number)] and harvest
supernatant 4-5 days post infection (1 virus passage). It is critical to use a low

MOI because passaging the virus r MOI increase the number of virus with

extensive mutations in theig\g\éh_l illy et al., 1992). The number of
mutant virus is mcreas@al Rassa rus stock is maintained in a low

passage of seed stoclaﬂ!d’ff

we used recombina:

ce arge orking stocks. In this study,
s secd stock virus and working stocks

virus were passage es of Wﬁxs stock may cause mutant

virus and lost of i >, T ‘_ ot hybridization was used to detect

because of, first sfo :.:.f_‘-»-‘---—,-,;-—---—----;?—-, ---------- i olis culture for more than a
year may lost the aljjlty to e 1 Pro eilﬁ efficiently (O’Reilly et al.,
1992). Second, expresgeg protein is dri&gl by polyhedrin promoter, if there is a

point mutatiﬂ u}EJp'}ﬂﬂhﬂ %r@twtﬁ} aaﬂ-ﬁuce or lost mRNA of

expressed protein. Third, anti-LPS is hkel to be a mﬁpbrane bound or
e ARSI T R T MV f']""é VaRlSgpep ey have been
impregfiated with LPS. This type of proteins and secreted proteins may
produced at lower levels than proteins that remain in the cytoplasm or targeted
to the nucleus (Kidd and Emery, 1993). The forth, anti-LPS may be mildly
toxic to the insect cell. The expression level of any protein is due to the nature

of the gene and the encoded protein.
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4.2 Expression of 6X His Tag anti-LPS factor in the yeast (Pichia)

expression system

Yeast (Pichia) expression system is selected because, Pichia pastoris has
many of the advantages of higher eukaryotic expression systems such as protein
processing, protein folding, and posttranslational modification, while being as
easy to manipulate as E. coli or Saccharomyces cerevisiae. It is faster, easier,
and less expensive to use than r eukaryotic expression systems and
generally gives higher expresgbn iy

molecular and genetic Matlgls ﬁ&zccharomyces while Pichia

omi t_er;%ﬁle promoter is related to
ethyliropic. yeast. The first step in the

£ methanol to formaldehyde and

yeast it shares the advantages of

pastoris has a strong i

the fact that Pichia*bpas

utilization of meth

hydrogen peroxide ( _.?1?;1‘_ J; 5)5 is step is catalyzed by the enzyme

alcohol oxidase. Alco idase hﬁs oor itj‘&for O,, and Pichia pastoris
s g i [+ )l

compensates by generati :gg al r?ts f the enzyme. The promoter

is the one used to drive

ﬁl
8".
e 1
feb)

regulating the producti
heterologous protein expressiof in Plcw_egg et al., 1985). Pichia pastoris

m

rete high amounts of

grows on a mmp{ﬂ mineral medxa,
endogenous protein. Lherefore the h secreted into the culture

is relatively pure and"guriﬁcation is easier to accomplish (Faber et al., 1995)
[

In this ﬁducig—i{fj 5| Tk W%:qq frlfcafed Gorivative of anti-LPS

factor was comstructed using a vector with 31gnal sequence (o factor) and
hlStlde t%gtf]la @ﬁ@ﬁr%aﬁ qt’a %ﬂn&}@@ &}mn result, the
bands which increase in the intensity after induction as the time increase was
found at the size about 14 and 17 kDa. However a band at 14 kDa in size was
also present in control lane. We analysed the recombinant protein band using
western blot analysis, there was no positive band observed from culture
medium (data not shown). The final concentration of methanol from 0.5 to 1, 2
and 3 % was further used for induction in attempt to increase protein expression.

There was no significant change in pattern and intensity of protein band (data
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not shown). Therefore antibacterial activity was used to screen for positive

clones to find a clone, which express the recombinant protein at high levels.

The low expression level observed maybe due to biological factors such
as, mRNA stability, translational capacity, protein folding, protein secretion and
protein degradation. The nature of anti-LPS factor is likely to be a membrane

bound or membrane insertion protein, this may cause a low expression level as

observed in other membrane prouixv ! /yxell et al., 1995; Weiss et al. 1995).

4.3 Purification of anti- cto‘r binant yeasts
_‘#
The developmen nhe mods for the separation and
purification of protej ; essenu -requisite for many of the

recent advancements g d mtechno*lqu research. The global aim

Only the removal of unwanted
L

esi{ed protein and its transfer to

a ‘form ready for the intended

J-l‘ _‘='

be exp101ted in separatlon mho :

than one step to 3
conditioning steps Qdcessary to transfer the prodﬂ&t from one technique into
conditions suitable to erform the next iebhnl‘Ele Each step in the process will

cause some @ &nﬂmilw kg'@ iccessful and efficient

protein purlﬁcatlon is to select the most a pnprlate techn ﬁtes optimize their

peors 19 SRRERIRIL W)

max1mlze yield and minimize the number of steps requlred

E—loglcal way to

The expressed anti-LPS factor was purified by Ni-NTA column. It was
purified 65.5 folds with 40.9 % recovery. In this step, 99.4 % of other proteins
were removed. The 2 major proteins retained in the column was about 60 kDa
and 24 kDa as seen in Figure 3.13. The gradient of imidazole from 0-500 mM
was used to elute bound proteins. We lowered the slope gradient in the attempt

to separate the 2 major proteins from each other. Although the slope of
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imidazole gradient was reduced, the 2 proteins still copurified. The result from
tricine SDS-PAGE gel suggested that 24 kDa is most likely to be anti-LPS but
the predict size from amino acid sequence was about 15 kDa. The increase in
size may due to anti-LPS factor’s high positive charge and the added histidine
tag. This positive charge may retard protein mobility and cause a shift in the
protein band. It has also been reported that proteins of molecular weight below

15 kDa begin to behave unusually due to mass ratio that is different from larger

proteins (Bollag et al., 1996). \\\\ ////

Because of the 2 proteins, gel filtration
chromatography wa‘s? . ¥ ) %' Gel filtration separates
proteins with differene€s i }h\ que is ideal for the final

ification lewv

polishing steps in

mes have been reduced

(sample volume signifis , : CES s d resolution in gel filtration).

Samples are eluted is

gition does not directly affect
purified form in the chosen buffer.
: ﬁ'on range from 1000 to
1673.14) show there are 3
%lt}tein presumably anti-LPS

:;azu;:zalg 3/ TFT ﬂWWW%WﬁT? SMS and recovery was
obsewﬁ“ﬁjﬁiﬁw TN o

in inhibitory effect, when high amount of crude protein was added, was due to

overlapping peaks afid the peak with the 24 kDa P

the increasing of rich media in the test reaction.

The partial purified anti-LPS was tested for antibacterial activity with
Gram negative and Gram positive bacteria. From results anti-LPS can inhibit
both Gram negative and Gram positive bacteria, while the activity on Gram

negative b acteria was better. Anti-LPS binds specifically with free LPS and
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intact membrane that contain LPS thus most of Gram negative bacteria should
be inhibited. However not all strains are inhibited because the different in cell
wall composition of each strain of bacteria. Gram positive bacteria were
inhibited because they may have some component on cell wall, which can bind

with anti-LPS factor.

The identity of the partially purified protein needs to be further confirm
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