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[ . INTRODUCTION

Streptococcus iniae is a Gram-positive bacterium and one of main pathogens of
farmed fishes. Streptococosis outbreaks under adverse conditions, such as by high
water temperature and high density of stocking. S. iniae infects a large number of
marine and freshwater fishes, including hybrid striped bass (Shoemaker, C.A. et al.
2001), channel catfish (Shoemaker, C.A. et al. 2001), European sea bass (Kvitt, H. et
al. 2004), rainbow trout (Eldar, A et al. 1994), tilapia (Shoemaker, C.A. et al. 2001;
Kvitt, H. et al. 2004), and olive flounder (Nguyen, H.T. ef al. 2002). Due to the high
mortality, the bacteria, S. iniae caused severe economic losses of 150 million US
$ annually (Nawawi, R.A. et al. 2009). Clinical signs of S. iniae infection vary with
different fish species. The olive flounder shows haemorrhage, 'exophthalmia,
abdominal distension, ascites, and lesions of the spleen, liver, kidney and intestine
[11].

In aquaculture,-vaccines-of inactivated |S. iniae (formalin-killed cell, FKC) have
been used in Chile,Israel, .Russia, ;and, Spain (Hastein, T. R. et al. 2005).
Conventional formalin inactivation of live cell for the production of vaccine could
lead to the denaturation of immunogenic epitopes, thus antibodies produced by the
vaccine might not recognize the native antigen leading to low efficacy of the vaccine
(Ferguson, M. et al. 1993). Comparing to inactivated vaccine, recombinant ghost

bacterial vaccine (GBV) is safer, stable and easy to handle (Kwon, S. R. et al. 2005).



For the production of GBYV, a vector harboring double cassettes (Fig. 1) with a
heterologous gene expression cassette (pHCE-InaN-GAPDH) and a ghost 27 SDM
cassette was constructed and inserted to £. coli K-12 as a host strain (Kwon, S. R. et
al. 2005).

HCE promoter is a constitutive expression system, which facilitates the high-level
expression of antigen proteins without induction. And InaN (N-terminus of ice
nucleation protein gene from Pseudomonas syringe can display the expressed
antigens on the surface of Escherichia coli (Li, L. et al. 2004).

The induction of ghost bacteria formation was carried out with expression of the
PhiX174 lysis E gene under transcriptional control with the lambda PR/cl system
(Szostak, M. P. et al: 1996; Madeleine, W. et al. 2000). The lysis‘E gene expression in
E. coli with thermal induction of plasmid pAPR-cI-Elysis 27 SDM was carried out by

increasing the incubation temperature from 27°C to42C (Witte, A. et al. 1992).

Glyceraldehyde-3-phosphate  dehydrogenase (GAPDH) has multiple binding
activities to ‘various - mammalian proteins such as fibronectin, ' lysozyme and
cytoskeletal proteins, actin and myosin of the host cell (Madeleine, W. et al. 2000;
Nakagawa, 1. et al. 2003).. GAPDH is one of the streptococcal antigens with a key
role in cell adherence and attachment (Modun, B. et al. 1999).

E. coli K-12 used in this study is safe to use as probiotics. The E. coli K-12 strains
do not cause risks to human, animal, plants, or other microorganisms. The E. coli K-
12 has been utilized for 70 years for industrial purpose as probiotics with high

volumes and high cell densities. Also, the ecological risks associated with the use of



InaN

. iniae antigen

HCE-InaN-Ag-ghost27SDM
(= 8.3kb)

Ghost 27 SDM cassette

Fig. 1. Recombinant plasmid map used in this study.



E. coli K-12 are low [19]. Therefore, E. coli K-12 was used as a host cell for the
GBYV in this study.

The objectives of this study were to optimize the fed-batch fermentation process for
the mass-production of the vaccine using E. coli K-12/pHCE-InaN-GAPDH-Ghost
27SDM and the efficient GBV production. Outer-membrane protein fractionation was
carried out to evaluate the intactness of the expressed antigen protein on the cell
surface after the formation of GBV. The protective efficacy of GBV was determined

by the challenge test using live olive flounders (Shin, G. W. et al. 2007).



II. MATERIALS AND METHODS

1. Bacteria strains and culture medium

The bacteria strain used in this study was recombinant £. coli K-12/pHCE-InaN-
GAPDH ghost 27 SDM constructed (Fig 1). The recombinant E. coli K-12/pHCE-
InaN-GAPDH ghost 27 SDM was cultured in modified Riesenberg medium
(Riesenberg, D. et al. 1991). The medium was composed of: 13.5 g KH,PO,4, 4.0 g
(NH4),HPO,, 1.4 g MgS0O,-7H,0, 1.7 g citric acid, 10 g glucose, 5 g yeast extract, 50
mg thiamine, and10.0 mL trace metal solution per 1 L. Trace metal solution consisted
of 10.0 g FeSO47H,0, 2.0 g.CaCl,, 2.2 g ZnSO,4-7H,0, 0.5 g MnSO4+-4H,0, 1.0 g
CuS04-5H,0, 0.1 g (NH4)sM070,4-4H,0, and 0.02 g Na,B,0;-10H,O per 1 L of 5SM
HCI. The feeding solution 'during the fed-batch cultures consisted of 700 g glucose,

20 g MgSO47H,0 and'10.0 mL trace metal solution per L (Table 1).



Table 1. Medium composition

Feeding solution for fed-batch

Components Batch medium (per L)
fermentation (per L)
KH,PO, 13.5¢g -
(NH,4),HPO, 40¢g -
MgSO, 7H,0 ldg 20g
Citric acid 1.7¢g -
Yeast extract S5¢g -
Glucose 10g 700 g
Thiamine 50 mg |
Trace metal solution y 10 ml
(per L of SM HCI)
(FeSO4.7H,0) (10.0'g) (10.0 g)
(CaCl,) (209 (209
(ZnS0,4.7H,0) 229 (229
(MnSO,.4H,0) (05°g) 05g)
(CuS0,.5H,0) (1.0 g) (1.0g)
((NH;)gMo7024 4H;0) (0.1 g) 0.1g)
(Na,B,0,.4H,0) (0.02 g) (0.02¢)




2. Culture conditions

For the incubation of seed culture, 10 ml LB medium including 50pg/mL ampicillin
in 100 ml baffled flasks were inoculated with single colony of E. coli K-12 /pHCE-
InaN-GAPDH ghost 27 SDM from the preservation slant. The seed culture was
placed on a rotary shaker at 27°C, 200 rpm for 10 — 14h. The second seed culture with
125 ml medium in 1 L baffled flask was prepared with the inoculation of first seed
culture (5% v/v) on a rotary shaker at 27°C for 8 h. For the preparation of 2.5 L batch
medium, (NH4),HPO,, KH,POy, citric acid and trace elements were dissolved in 2.3 L
distilled water in the bioreactor. pH of the broth was adjusted to 6.3 with SN NaOH
and sterilized for 30 min at 121°C. Stock solutions of MgSQ,, yeast extract and
glucose were sterilized for 30 min at 121°C, separately. Thiamine was sterilized by
the filtration. After. cooling sterilized broth, the pH of the broth-was adjusted to 6.7
with aqueous NH; (28% w/w) prior to the inoculation'of seed culture. The inoculation

(5%, v/v) to the broth was carried out to start the fermentation.

3. Batch and fed-batch fermentation



Batch and fed-batch fermentations were carried out in 5 L Bioreactor (KF-5, KFC,
Inchon, Korea) with 2.5 L working volume. Temperature, agitation rate and aeration
rate during the culture were adjusted to 27°C, 300 rpm and 2.0 vvm.

The fed-batch fermentation process was carried out in 4 phases. The phase 1 the
initial phase, was the batch fermentation phase. Phase 2 was a fed-batch fermentation
phase with intermittent feeding strategy. The intermittent feeding was used for the
fed-batch operation based on the measurement of glucose concentrations. When the
exhaustion of glucose was detected, 25 ml of nutrient feeding solution was added, and
the glucose concentration was controlled below 8 g/L. The dissolved oxygen
concentration was maintained above 20% of saturation by adjusting the agitation rate,
aeration rate and supplying pure oxygen when required. Phase 3-was induction phase
by temperature increase to 42°C to induce lysis E gene for the ghost formation. The
induction was carried out at stationary phase (ODgo = 100.5) in fed-batch operation
by the increase of temperature from 27°C to 42°C. The optical density was decreased
slowly due to'the ghost formation. When the DO reached to.100%, it was presumed
that most of the ‘cell became ghost by pore formation with the action of protein E.
Phase 4 was heat shock phase-at-47°C for 2 'h _to increase the efficiency of GBV
formation after the induction phase. To increase the efficiency of the GBV formation
by the induction of lysis E gene at 42°C at phase 3, heat shock treatment was carried
out in 5 L fermenter by increasing temperature to 47 and 49°C for 2 hours. The

efficiency of GBV formation was determined by live cell count with CFU method.



4. Analytical methods

4.1. Measurement of cell growth

Cell growth was monitored by measuring the optical density of the 10 ml of culture
samples at 600 nm (ODgg) using a spectrophotometer (Ultrospect 6300 pro,
Biochrom Ltd., England) at the interval of 1 -h. Cell concentration was also
determined by measuring dry cell-weight (DCW). A linear relationship between DCW
and ODggy was obtained and 0.38 g dew/L was equivalent to the absorbance of 1.0.
After the expression of lysis E gene, culture samples were taken at the interval of 1 h
and spread on LB agar plate containing 50pug/mL ampicillin to: determine the
efficiency of GBV formation. The plates were incubated in 27°C.for 8-14 h and the
efficiency of GBV formation was analyzed by:colony forming unit (CFU) method.
The glucose concentration was analyzed according to the 3,5-dinitrosalicylic acid

(DNS) method (Dubois, M. et al. 1956).

4.2. Outer-membrane protein fractionation of GBV

Hundred mL of culture broth were centrifuged at 8000 rpm, 4°C for 6 min. Pellets



were suspended in 4 mL 20 mM tris-HCI (pH 8.6). The sonication of the suspended
pellet was carried out for 1.5 min and then centrifuged at 8000 rpm, 4°C for 6 min.
Supernatant was collected and recentrifuged at 15,000 rpm, 4°C for 1 h. Pellet
containing total envelop protein was suspended in 4 mL of 20 mM tris-HCl buffer
(pH 8.6, contained 1% Lauroyl sarcosyl). The pellet suspension was centrifuged at
15,000 rpm, 4°C for 1 h. Pellet was resuspended in 4 ml of 20 mM Tris-HCI buffer
and used as the outer membrane protein fraction (pH 8.6). The outer-membrane

fraction sample was used for analysis of SDS-PAGE and western blot.

4.3. Analysis of SDS-PAGE and Western blot

The outer-membrane protein fraction was subjected to two sets of SDS-PAGE.
Outer-membrane proteins were separated in a 10% SDS-PAGE gel and the gel with
the outer-membrane proteins was stained with Coomassie brilliant blue R-250. Outer-
membrane proteins ‘from SDS-PAGE gel were transferred onto a 0.45 pum pore
nitrocellulose membrane (BioTrace, PALL, USA) at 100 V for 1 h-in'a Bio-Rad mini
Trans-Blot electrophoretic- transfer cell| for western.~blot analysis. The blotted
membrane was rinsed with-TTBS(0.02 M Tris-HCI, 0.5 M NaCl, 0.05% Tween-20,
pH 7.5) 3 times for 10 min and then blocked in TBS (0.02 M Tris-HCI, 0.5 M NaCl,
pH 7.5) containing 3% (w/v) BSA for 2 h at room temperature. Then, the membrane
was washed with TTBS (Tween-Tris Buffered Saline: 20 mM Tris-HCI, 500 mM
NaCl, 0.05% Tween-20, pH 7.5) for 3 times for 10 min and then cut into several strips

according to the sample lane. These strips were put into polyclonal rabbit antiserum

-10-



diluted 1 : 1000 in TTBS containing 1% BSA and then incubated for 2 h at room
temperature. After 3 times washing for 15 min in TTBS, the membrane was treated
for 2 h with alkaline phosphatase conjugated goat anti-rabbit IgG (1 : 1000 dilution,
Santa Cruz Biotechnology, USA) in TTBS containing 1% BSA. Then, the membrane
was washed 3 times for 10 min in TTBS and developed by 5-bromo-4-chloro-3-
indolyl phosphate/nitro blue tetrazolium (BCIP/NBT, Sigma, USA) for 1 min. The

developing was stopped by washing strips with distilled water.

5. In vivo vaccination test

5.1. Fishes for challenge test

Healthy olive flounders (Paralichthys olivaceus, 16-18g) were purchased from a
commercial fish farm (Geoje-si, Gyeongsangnam-do, Korea) and acclimated in the
aquarium for 2 weeks before using for the test. Fishes were maintained at 18-20°C in
200 L tank aquarium with changing the seawater twice a day. Fishes were fed by

commercial dry pellets with feeding rate of 0.36 g/day.

5.2. Preparation of formalin-killed S. iniae (FKC)

S. iniae was grown for 24 h at 27°C in tryptic soy broth (TSB, Sigma) containing

1.5% NaCl. For FKC preparation, formalin was added to a 24 h culture of the

bacterium to the final concentration of 0.5%. After 24 h incubation, cells were washed

-11 -



three times with phosphate buffered saline (PBS, pH 7.2) and resuspened in 10 ml
PBS. The sus-pensions were streaked on tryptic soy agar containing 1.5% NaCl for

checking sterility and stored at 4 C until use.

5.3. Challenge tests

The group sizes for the vaccination were 20 fishes. Group 1 as positive control and 2
as negative control were injected with 50 pl PBS. Group 3 and 4 were injected with
GBYV prepared at 42°C and 47°C (heat treatment for the increase of GBV efficiency),
respectively. Group 5 and 6 were injected with E. coli K-12 host strain as a host
control and recombinant E. coli K-12/pHCE vector strain.as a host with plasmid
control. Group 7 was formalin killed S. iniae (FKC) vaccine as a comparison control
as shown in Table 2. The treated GBV vaccines groups, the host control group, the
vector control group and treated FKC vaccine group were injected concentration of 4
mg per 50 pl PBS. Challenge tests were performed at 2 weeks of post-immunization.
S. iniae had been passaged in:live olive flounder to enhance the virulence by
intraperitoneal injectionto.S. iniae. The bacteria were reisolated from the kidney of
moribund fishes at 3 days after-the injection of live-S. iniae and cultured on TSA
plates supplemented with 1.0% NaCl at 27°C for 24 h. S. iniae was confirmed by

colony PCR. Fishes in each group were challenged by the injection of 100 ul (1.88 <

107 cells/ml) of the bacterial suspension except negative control (Table 2). Mortalities

were recorded daily for 14 days. Dead fishes were collected daily and necropsied. The

-12 -



kidney samples were streaked on TSA containing 1.0% NaCl to confirm the presence

of S. iniae by colony PCR.

Table 2. Setup for vaccination by injection

Challenge #0Olive
Group Injection (mg/ml)
(1.88x107 cells/ml) flounder
Positive control 50 p2 PBS 100 p8 S. iniae 20
Negative control 50 p2 PBS 100 pe PBS 20
Antigen GAPDH
50 p2 ghost vaccine 42°C 100 p2 S. iniae 20
ghost (42°C)
Antigen GAPDH
50 p2 ghost vaccine 47°C 100 p S. iniae 20
ghost (47°C)
E. Coli K-12 host
50 pe E.Coli K-12 host 100 e S. iniae 20
strain
E. Coli K-12/pHCE
50 pe E. Coli K-12/pHCE 100 pe S. iniae 20
vector control
Fomalin-killed cell
50 pe FKC 100 p2 S. iniae 20

(FKC)

-13-



[II. RESULTS AND DISCUSSION

1. Optimization of culture condition

1.1. Effect of carbon source

The selection carbon source for the growth of E. coli K-12 / pHCE-InaN-GAPDH-
ghost 27 SDM was determined by carrying out the 1 L baffled flask. Various carbon
sources were used to fructose, glucose, maltose, mannose and sucrose for carbon
source optimization. As-shewn in Fig. 2, glucose as-carbon source showed high cell
mass production. Culture sample.of used to glucose showed 2.6 g dew/L and 0.7 g/g
yield coefficient for E. coli K-12 / pHCE-InaN-GAPDH-ghost 27 SDM. Therefore,

glucose was selected for high cell mass production.

-14 -
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coefficient for E. coli K-12/S. iniae antigen GAPDH.
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1.2. Optimization of culture medium in batch fermentation

Optimization of culture medium was carried out one-at-a-time analysis. E. coli K-
12 / pHCE-InaN-GAPDH-ghost 27 SDM was cultured with 200 rpm, 27°C in 1L
baffle flask (walking volume - 100mL). As shown_in Table 3, the result of
optimization of culture medium was determined as 10 g/L glucose, 5 g/L yeast extract,
and 50 mg/L thiamine, as the composition medified from Riesenberg et al., 1990.
Maximum cell growth was 5.14 g dew/L in/composition of 10 g/L glucose, 10 g/L
yeast extract, and 50 mg/L thiamine. Therefore, final optimization of culture medium

was selected Exp. No 1 as shown in Table 3.
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Factors and leverls Cutivation reglts

Emom Vet or Ghoose  Thamne e Spectic growt Dry cellwe Readual sg  Yield cosffic

wtfyl) gD (mglh 7 hoate (o) bt (g ar(glh lemt(zg!)
1 5.0 10.0 500 180 0.29% 404 0.82 0.508
2 5.0 20.0 1000 129 0.299 490 0.80 0.248
3 5.0 30.0 150.0 102 0.289 3.68 0.33 0.130
4 10.0 10.0 5.0 135 0.289 5.1% 0.81 0.527
] 10.0 20.0 1000 122 0.284 464 0.21 0.23%
B 10.0 30.0 1500 187 0.287 483 0.25 0.161
7 150 10.0 500 128 0.27% 486 0.30 0.49%
8 150 20.0 1000 182 0.270 464 0.44 0.235
9 160 30.0 1600 163 0.27% 467 0.26 0.156

1.3. Effect of agitation

Agitation provedes-proper mixing of the fermentation broth and has a tremendous
effect on the productivity of the.system. Fig. 3 showed the effect of agitation speeds
ranging from 100 to 400 rpm for the production of ghost bacteria by E. coli K-12 /
pHCE-InaN-GAPDH-ghost 27 SDM. At 100 rpm, cell mass was comparatively low.
This could be attributed to the dearth of oxygen being experienced by the organisms

due to the insufficient mixing. The maximum production of cell mass was obtained at
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the agitation speed of 300 rpm with the cell density of 3.9 g/L for E. coli / S. iniae
antigen GAPDH.

Although the cell grew faster at higher agitation, the cell growth decreased at 400
rpm by the high shear, thus, the shear caused adverse effect to the cell mass formation.

Hence, the agitation speed of 300 rpm was chosen as the optimal agitation speed.

-19-



300 rpm

0.30 - 5 046
G2 = oW L 044
& B RS

& 0.% - ;}"’ 4 k] e
| —_—
Eoul§ —&— Yield B
2 2 o
g oz = 31 e E

0.20 - % 0B
2" g 3

o18] E 2| o
L P Fro¥%s o
E < 5
S 016 D =
@ >
a = L 03

o1{ O 1

0O
012 4 i
0.10 - p+——m I WE BT WA = o
0 100 200 300 400 500

Fig. 3. Effect of the agitation in semi-defined medium with-E. coli K-12/ pHCE

InaN GAPDH-ghost27SDM.

1.4. Effect of aeration

Aeration provides mixing effect to the fermentation broth as well as oxygen transfer.
During fermentation, the transfer of oxygen occurs from air bubble into the medium
and then to the cell. Thus, the oxygen transfer from air bubble, through the liquid

medium, to microbial cells is essential for the cell growth and the product formation.
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As shown in Fig. 4, the effect of aeration rate on cell mass was examined with the
different aeration rates of 1.0, 1.5, 2.0 vvm at the agitation speed of 300 rpm. At the
aeration rate of 2.0 vvm, maximum production of cell mass was obtained with the cell
density of 5.8 g/L for E. coli / S. iniae antigen GAPDH. Therefore, 2.0 vvm was

chosen as the optimal aeration rate.
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Fig. 4. Effect of the aeration in semi-defined medium with E. coli K-12/pHCE-

InaN-GAPDH-ghost27SDM.

2. Enhancement of efficiency of GBV formation

After the optimization of induction phase in batch fermentation, the efficiency of
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GBYV formation was evaluated. The efficiencies of GBV formation after the thermal
induction at 42°C were determined by heat shock treatments at 42, 47 and 49°C. The
increases of temperature after the induction at 42°C were performed to reduce live
cell number. After the induction at 42°C for 10 h, the temperatures of the cultures
were held at 42 or increased 47 and 49°C for 2 h. GBV formation efficiency of the
holding temperature of 42°C was low with high cell survival ratio of 5.8%. However,
cell survival ratios decreased to 0.14 and 0.12% at 47 °C and 49°C, respectively.
There was no significant difference in the cell survival between 47°C and 49°C.
Increase of temperature in mass production costs energy, therefore, the temperature
holding at 47°C for 2 h was-selected to increase the efficiency of GBV formation in

high cell density culture by fed-batch fermentation as shown in Fig. 5.
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Fig. 5. Efficiency of ghost bacteria vaccine (GBV) formation in defined medium
with E. coli K-12 / pHCE- InaN-GAPDH-ghost27SDM by heat shock

treatments with 42°C, 47°C and 49°C.

3. Outer-membrane protein fractionation of GBV
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GBV was produced by batch fermentation with 300 rpm, 2.0 vvm and culture
medium containing 10 g/L glucose. The temperature was shifted to 42°C for the
induction of lysis E gene at OD600 = 3.0 for GBV formation. At the end of the lysis
process at 42°C, the temperature was increased to 47°C and 49°C and held at the
temperatures for 2 h. The ghost bacteria were harvested. The outer-membrane protein
fractionation from the ghost cell was carried out. The outer-membrane protein
fraction was analyzed by SDS-PAGE and western blot. SDS-PAGE analysis showed
that molecular weights of the outer-membrane protein fraction was 40KDa indicating
the existence of GAPDH on the outer-membrane of ghost cell as shown Fig. 6(a).
Lane 1 as E. coli K-12 host strain showed no GAPDH antigen protein band due to the
lack of GAPDH plasmid. Lane 2, 3, 4 and 5 showed bands of GAPDH at 40KDa.

Western blot analysis showed that molecular weights of the outer-membrane protein
fraction were 40KDa in lanes 2, 3, 4 and 5 as shown Fig. 6(b). Lane 1 did not showed
band of GAPDH antigen protein as expected. Lane 2, 3, and 4 clearly showed bands
of GAPDH. However, lane 5 showed thin band of GAPDH. This indicates that heat
shock at 49°C decreased the amount of GAPDH protein on the surface of cell
membrane. Heat shock at 47°C-did not affect on amount of GAPDH protein on the
surface of cell membrane. Therefore, 47°C of heat shock condition was selected as an
optimal condition for the production of GBV with high ghost formation without

losing surface antigen GAPDH on the cell membrane.
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Fig. 6. Identification of the antigen GAPDH expression on the ghost cell
membrane by SDS-PAGE(a) and western blot(b) through the fractionation of

outer-membrane protein from E. coli k-12/pHCE-InaN-GAPDH-ghost27SDM.
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4. Optimization of fed-batch fermentation
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The fed-batch fermentation was carried out in four phases with optimal conditions as
shown in Fig. 7. Total fed-batch fermentation took 40 hours with 4 phases of
fermentation. Phase 1 was batch fermentation during first 9 h of fermentation. As a
typical batch fermentation, the dissolved oxygen (DO) value decreased to 20 % of
saturation. The residual sugar concentration rapidly fell down after 3 h of
fermentation due to the initiation of cell growth. The residual sugar concentration
went down to 1.1 g/L after 9 h of fermentation. The cell density reached to 4.6 g
dew/L with ODgyp=12.2. Next phase was fed-batch phase. The fed-batch fermentation
phase with intermittent feeding strategy was carried out after phase 1. Duration of
fed-batch fermentation was-19 h and feeding solution was fed to the fermenter at the
average interval of 2 hours by monitoring DO and glucose “concentration in the
fermenter. The'maximum cell density reached to 38.2 g dew/L with OD600=100.5.
The cell density of E. coli K-12/pHCE-InaN-GAPDH-ghost 27 SDM in this trial was
higher than that of previously published result using £. col/i XL1-Blue/pHCE-InaN-
GAPDH-ghost 37 SDM (Ra, C. H. ef al. 2010). The increase of cell density was
declined at 14 h of fed-batch phase due to high cell density and reached to stationary
phase at 19 h of fed-batch phase. Therefore, the fermentation phase was shifted to the
induction phase to make ghost cell by the expression of lysis E gene. After the fed-
batch fermentation for the high cell density culture, the thermal induction was carried
out by the temperature increase to 42°C to induce lysis E gene for the formation of
GBYV during 10 h in phase 3. In this phase, the cell growth was stopped by the ghost

cell formation by the expressed protein E. This indicated that pores on the cell
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membrane were made by protein E and most of the cells became the ghost cell by the
secretion of the cytoplasmic materials through the pores. High temperature holding at
47°C for 2 h in phase 4 was carried out to increase the efficiency of GBV formation
to 99.9% in high cell density fermentation as shown in the last part of fermentation of
Fig. 7. Final GBYV cell density of 34.9 g dew/L with ODgy,=91.8 could be obtained in
4 phases of fed-batch fermentation. The produced GBV was dried by lyophilization

and made to a powder.
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Fig. 7. High cell density production of GBV in defined medium with E. coli K-
12/pHCE-InaN-GAPDH-ghost27SDM by fed-batch fermentation. The arrow
indicate the time when nutrient” feeding and. pure oxygen were supplied to the

bioreactor ( | feeding point)

5. Protective efficacy of ghost bacterial vaccine by

challenge test
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The efficacy of GBV was evaluated by challenge test with olive flounder for 14 days
as shown in Fig. 8. Hundred pl (1.88 < 10’ cells/ml) of live S. iniae were injected to

the each groups of fishes except the negative control. The mortalities of each groups
we monitored daily basis and the existence of S. iniae in dead fishes were confirmed
by colony PCR. Usually, the death of fishes occurs after 2 days and 4 days of
infection. In this challenge, the mortalities increased at day 2 and 4. The dead fishes
showed dark pigmentation, abdominal extension, hemorrhagic ascites and necrosis of
organs, particularly the liver.

Positive control without any treatment showed 100% of mortality at day 10. E. coli
K-12 host control also showed 100% of mortality at day-13. E. coli K-12 with pHCE
control showed 100% of mortality at day 12. All of the positive control groups
showed 100% mortality in 10-13 days of challenge test. The group immunized with
FKC vaccine showed low cumulative mortality comparing to the positive control
groups. The final cumulative mortality of fishes vaccinated by FKC vaccine reached
to 65%. Groups immunized with GBV vaccine produced at 42°C(GBV42) and GBV
vaccine with heat'shock/at.47°C for 2 h (GBV47) showedlow cumulative mortalities
comparing to those of FKC vaccine as well as control groups. Both groups treated
with GBV42 and GBV47 showed 50% of final cumulative mortalities. The challenge
test indicates that GBV47 showed the efficacy of the vaccine similar to that of
GBV42 even though the heat shock at 47°C for 2 h to increase the efficiency of ghost
formation. The GBV with intact GAPDH antigen on the surface of the cell provided

better immunization activity than FKC vaccine with denatured antigen on the cell
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surface. This could be confirmed by the cumulative mortality measurement as shown

in Fig. 8.
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Fig. 8. Cumulative mortalities of olive flounders by challenge tests with live S.
iniae after the immunization by ghost bacterial vaccines with the heat shocks of
42°C and 47°C, FKC vaccine, E. coli K-12 as a host strain, E. coli K-12/pHCE

vector control, positive and negative controls.

IV. CONCLUSION
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The high cell density culture of GBV reached 34.9 g dcw/L and GBV formation
efficiency was 99.9% using heat shock treatment at 47°C for 2 h in fed-batch
fermentation. The antigen, GAPDH expression on the outer membrane of ghost cell
after heat shock phase was confirmed by outer-membrane protein fractionation
analysis. There was no difference before and after the heat shock treatment at 47°C.
The efficacy of ghost bacterial vaccine was evaluated by the challenge test with live S.
iniae to immunized olive flounder. Fishes immunized with GBV showed higher
potential to induce protective antibodies than FKC vaccine by the measurement of
cumulative mortalities.

The present results especially regarding the optimization of condition parameters to
produce GBV by fed-batch fermentation could provide a new ‘opportunity to improve
the production efficiency of ghost bacteria as-a vaccine for streptococcal disease. In
addition, mass production through optimized fed-batch fermentation process could

provide the basis for the industrial production of GBV.
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