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Abstract

In order to avoid the symptoms of diarrhea caused by the infection of the weaned
piglets, the traditional method of feeding is to add antibiotics to the feed to enhance the
health of the intestines, thereby indirectly helping to prevent diarrhea from weaned
piglets. Past research and empirical evidence have shown that the use of selected feed
additives for nutritional interventions can effectively prevent diarrhea from weaned
piglets.Although antibiotics can prevent diarrhea from weaned piglets and also kill
bacteria that are harmful to the body, those can also affect bacteria that are good for the
body. When the beneficial bacteria in the body are reduced, some opioid-infected

microorganisms, such as mold, may multiply and cause disease.

Meanwhile, the use of a large number of antibiotics can also cause environmental
pollution problems, which in turn leads to the emergence of super-resistant bacteria.
Therefore, the protein produced in this experiment will be used to replace the use of
antibiotics, in addition to avoiding the symptoms of diarrhea in the weaned piglets.
Compare to traditional chemical drugs, the absorption of the protein is faster and the
effect is better. Also, it has less side-effects and the stability can be improved. It can
effectively prevent diarrhea from weaned piglets and reduce the economic loss of pig

industry.

This project is planned to explore the use of 5L stirred fermentation tank to
cultivate Escherichia coli to change different cultivate conditions to observe growth
conditions, carbon source, cultivate temperature, inoculum and dissolved oxygen,

cultivate temperature, pH value. Effects on growth of Escherichia coli and activity of



Escherichia coli. This study found that increasing the stirring speed(550 rpm),
pressure(1.5 kg/cm?), and carbon source(40 g/L) can give the bacteria a good growth
space, which can make our bacteria reach a higher density(OD=13.7), but the growth
of the bacteria is too good, resulting in poor production of bacteriostatic protein and the
protein bacteriostatic activity is relatively low just 2'3. In the induction, it is necessary
to change the growth conditions of the cells, so that the cells can effectively induce the
reaction to produce the required protein, and the dissolved oxygen(5 %),
temperature(26°C) and pH value 5 ~ 9 can effectively inhibit the growth of the cells, so
that the bacteria can produce the antibacterial protein in better activity 2'°. The pH value
affects the activity of the bacteriostatic protein just 2° - 2° in the hyperacid and peralkalic

environment, so it is a less feasible method.

Keywords: Escherichia coli ~ induction reaction ~ fermentation
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2.5 SOS £ & (SOS response)
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e
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/?)r_’ﬁiﬁ]ﬁl%f&&ﬂf%*%Fﬁfﬁﬁié%%% B he s ik A £ 0 A F
A2 8] ZehpE ik o

1915 & M- L FAWpr s B RA S TR LE CHIML T EE LR
HA4v o d Weizmann F AF R # e R 2 A3 ER I Rap i 2 7 B
& 7 (Clostridium acetobutylicum) > = ¥ B3¢ fopr 2 7 fp > S pje= 2 & F &5

ik 14 [25] o
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2.8 HEEH,

AR A R BRI N A e BB R F B T
WEPAIe - FPUZBFEERERZ L EF 253 2 7F o jicd Flwre 2 97
VLR HEERER Y 0 AR R b me AR i BRI T 4

[25] -

WA PR R R o P AR & grTi 0 5 1 EF A E R
Lani o FEER R R B (e A (D)2 v G| (H/D ) F 523 24 o b
RN AR R EARY CREE S ERE P g e R R FeBEIE A
FRRP ORFADREA BT E 2 ARG REFREYRAT MY

oo BLFFSHEE A BET G E e BT VM) R R 55

=

o
F M sk R ERERG A 0 RS ERERE S ] e
SKEEE S MEAMED E o blden@ A B 5 B IR pHE R

S BEHMALTLE . KT FoeS B TSR LG AP A

flr 2 ppeiripMd it F ROEXRE S 2 F b & (bioreator) & 3 %
# (fermentor) ° "EF 2 PP iFnF B - o IR od 2 H 4 £ 5848
M B o % T AL R4S 5N 8 i ) (mechanically agitated fermentor) 2. “F > iR
7 F B F FE Y (pneumatically agitated fermentor ) 4eie 35 3% 3 fi% #; (bubble

column fermentor) v # ;%2 % H, (air-lift fermentor) [26] -
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® 2.4 (a)Mechanically agitated fermentor[27]
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(d)

% 2.5 (b)(bubble column fermentor) ;
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FEFRERMPEZ
3.1 R &M

311 % S FH

AP R NP ARATFIE DA S EF S Bp P B LT A RE
PRz EE R % 7 0 @& AIRT 1% colicinIb 4 ¥ efxd + 12 mitomycin C 3 %>

A2 B G FrEdtdcolicindb 3-v 0 TP FEN S ERE 2K L o

ABEFHT- B A ARG R R o 4

N

BEE- S BB AR R T I2hE O ARE o Al e R

(£R2um> K& 0.8 um) s 2 &30 F ~ 7 R(37 C)% pH ¢ ki

T o 4e Rl 3-1 o e

W 3.1 E-coli 2 & 3 2 ¢ L2 BEACHLB IR B (40x)

30


https://www.sciencedirect.com/topics/veterinary-science-and-veterinary-medicine/escherichia-coli
https://www.sciencedirect.com/topics/immunology-and-microbiology/commensalism
https://zh.wikipedia.org/wiki/%E9%9D%A9%E8%98%AD%E6%B0%8F%E9%99%B0%E6%80%A7

312 F%E 5

231 R&MR* 2L EL

LAY - 4 e L R

R Glucose ROQUETTE
s 5P 4n Bacto™ Yeast Extract CMP

30 PR Bacto™ Tryptone CMP

% 14 Sodium chloride SHOWA

F ¥ 7 A Ampicillin sodium salt UNI-ONWARD
S ML | Mitomycin-C Kyowa

FUREE S IPTG UNI-ONWARD
RS SR Difco™ Agar > Granulated CMP

Lo fi Hydrochloric acid SCHARLAU
R Sulfuric acid SCHARLAU

@ F it4p Sodium hydroxide SHOWA

+ Glycerol SHOWA
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BT

e wo L W
e Hg Aein Tris Hopax
Tl 4% Magnesium sulfate SHOWA
W e A Antifoaming agent ARG
L = e A RREL A Sodium Dodecyl Sulfate Affymetrix
HE Ao e 4% Ammonium persulfate BP
A} Acrylamide-bis BioEast
L S g TEMED Scharlau
Peid A F-d B4 S R InstantBlue Expedeon
+ IRfL Glycine usb
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http://terms.naer.edu.tw/detail/414117/

32 AHKRE

% 3.2 %ilﬂ,’l"t"{'f‘é?fifixgkf,ﬁﬁ_ﬁ

RERA B 35

e Precisa BJ 100M

BT EES AR CORNING PC-420D

pH 3+ INSPECTED PL-700PV
BREF AAL TRIDENT EA635

£ FE T HIGH TEN 3BH-24

AT MoK kb RODA D11031218.1
HERIE IKA MS1 minishaker
® #xi% AP & 47 & Rl detector  Hitachi RI1 5450
Rk DENG YNG G-10

] LIAN SHEN LO-150
RAABRTE DECTA DC300H

T Pa s kR Thermo GENESYS 10UV
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BEHT)

RERA R i 35

B A e 4 HSIANTAI CN-650

B¢ A g Hettich Universal-32R

54 B F IR 3 fapr SM-1

kB Ry ek OLYMPUS BX53

S A PANCHUM FD-5020+MF-4
NIHON

-80C 2 = 3V 4 4% CLN-32U
FREEZER

ERLRCE Marupin HD-200

SL O+ 5  pR g Biotop BTF-ASL

A2 5 A e B Qsonica Q700

RI® YIHDER TS-500D

TANTRERE Bio-Rad 164-5050

34


http://www.ocantech.com.tw/brand.php?id=3
https://www.biocompare.com/106081-Bio-Rad/

REKA R gl
BRI Cavoy MP-8350
73 Aty Bio-Rad 525BR



https://www.biocompare.com/106081-Bio-Rad/

33 %2
331 A%

WEMED IBRE AT R 4H7 137 Co 150pm# % 12hr >
ODeoo B £ X (2.6~3.0)2 ¥ ¥ » B~ 0.5 mL i fv 0.5 mL i ik > e 4

s F P g R At 0 2 80°C ok T o
332 ELE

233123 %2 B4R

Composition(pH=7) Concentration (g/L)
Bacto-tryptone 10
Bacto-yeast extract 5
NaCl 10

333 it %

L. B34 A uld ~ 100ml 5§ Fod F eus % 4000 37 T~ 150

rpm ¥ % 12hre

2. #E AW 300ml Fikter 732 F2ILEEAFEE Y B L B

4+ 2450 rpm T L300 rpm ~ A 30%:% % ~ & £ lvwmE % 12hr-
3. f 4 » % & MitomycinC 1.2 ml £ 32 % 6 hrec® H 2 5%% F

4. PR B OD 2 &4 .
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3.4 A5k
341 AMEKR #1572
PFik ¥ LB & %f—l}ﬁ% 20 % > A kB AR E 600 nm TR E
& & % B (Optical density, O.D)
342 Bk (FE®B) A5 %

1. B 5mL B » fid 7000 pms 40T des 10 4 480 51 Fia @

¥ % #L 17 Membrane filter(0.22 wm pore size, Chrom Tech)i& jjg °

2. fI* % »k 4p % 47 & HPLC (Hitachi RI detector 5450 - Hitachi pump
5110 » Hitachi Auto Sampler 5210 > Hitachi High-Technology

Corporation » Japan) A~ #7 5 § #EE R o
3. A riEita "F‘,' 1 C18 (COREGEL-87H3 > 250 mm x4.6 mm > Taiwan) > #%
#4p % 0.01 N H2SO4 » 7tz 1.5 mL /min » ;3 &8 30uL -
343 ¥v FiREEA D2
1. AF GRREF) 2 B

#- pUC19/DHb5a #r » 3 ¢ F 50 pg/mL ampicillin (Ap)s7 LB 3% % &
¢ 537 Ct% 2hro 2% 3 OD=0.7« 5 150 uL Bz % » 4.5 mL

R

545 Cen0.75% LBagar® > R 3 53 9emEEx » § 30
g

ok
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PR E (FREF S Giekyg

#-tFR R 1 LB 5 % A3 7] OD=1 - B 1mL OD=1 i > 12 7000
rpm £ #rs 10 A48 > B~ iRt @ * Membrane filter(0.22um pore
size, Chrom Tech)ijg » £ ™ & FP k&7 = B@FHFH 20 = » ok

FBENGEH o

YA E (ERE) Rk R R

P~ 5 mL & ip] it > v 7000 rpm #ros 10 448 0 kS R 0 R
ddH20 & ¥ FMAFE L OD=1 - 45 A Fi & FAF (BLFLpt

B1.o~% 104~ 2k 104 ~ # 310 %) - 2 & ¥ Membrane

filter(0.22 pm pore size, Chrom Tech) &g * £ ' & F" K& 7 = 3 ’iﬁ»—

B2 BRI NABERRE o

S REFFEL L FiRE - RRFFRL OB R E 10l FT 7
F Fe LB agar 32 & BT 3 EAFRIEE 0 3037 T & 6~12hr>
s LF AL FE (oW 3.2) » 12 A4 Bl 5 1] R #(n)

VWL AR Fik iR 10 WL sk A o
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BEERG )

L

W 3.2 RIE 35 #FE
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344 V33w A5 2
1. SDS-PAGE % & =

% 3.4 5 =3 #r¢ * SDS-PAGE %

4 % TRy 1%
BkER 10% 5%
DDW 19.6 mi 12.3 mi

1.5M Tris 10 mi X
0.5M Tris X 5 mi
10 % SDS 40 pl 20 pl
10 % APS 120 pl 60 pl
Acrylamide-bis 10 ml 2.5ml
TEMED 60 pl 30 pl

42



2.

FRR R

e 4 R e 7000 rpm 0 10 A48 0 A B FR R UK R 0
RERI A L]V HAFRREL 250 A KT o ﬂL&]ﬂW"’L’
PBS w7 ik | = it (7 4ta § T ¢ FiR Tk A% 0 £ & PBS &
A A Ll HBRBET 250l BB TR A CT

T10 A4 RIZEIFRAF R4~ o
SDS-PAGE ™ # & # :

B34 fie 45 e11.10 % running gel solution 73 » © ZE 2k hF2 T IAHIB PP
Foposiior 5% euFpE R A G BT o 30 4 E Y RF B

95 % i |l > A @ S IR i 0 T A 2 ) o
SDS-PAGE } % # & :

£ 1~ e A pedF en 5 % stacking gel solution T 36 » #i4k > & 30 4 485
BEAR R AR BT ARG T XD 9 FHEET A (Bio-
Rad, Mini-protein I11 electrophoresis system) » #% 3-v B i % T A M ¢ 7
» Ix protein running buffer & 5| buffer % F % 7 o 39 F 55 20
w72~ 2% well ¢ >z Model 1000/500 Power Supply (Bio-Rad) :& =
TA AL 8V TRT A IS A4 0 £ 4 185V T BT A 3 A

4 TFF BT AR
InstantBlue % 4

v FH & SDS-PAGE 4 #is » P~d1 % % 4o » InstantBlue ® 3| F
WS o 2 50rpm #%& 1 -] PF > % InstantBlue w 4T o 4c » RO

ko FE S o - EHRM O RSB EH 2 K (£ 35)
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¥ 3.3 SDS-PAGE %% W
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35 R

3.5.1 3 4e E—‘]bfﬁ kR

Protein

production

Effects of rpm

450, 500 and 550 rpm

Inoculation

One stage

1,5 and 10%

Glucose effects

20, 30 and 40 g/L

Glucose is added in

Increase pressure

1 and 2 times

45

1 and 1.5 kg/cm?




3.52 i kv kR

Protein

production

Adding times

Difference induction strategy

1,2and 3

Adding concentration

Change rpm

less than 5% DO

1,1/2 and 2

Temperature change

26,30 and 37°C

Two stage

Change pH

\

S,6,7,8 and 9

Add induction time

Effects of rpm

8,12,and 16 hour

46

300 rpm 2hr 500 rpm 1hr




36 RiEFRSE
361 #3417 FHEHFE LB P

B e $E3 7 ki (450,500,550 and 300 rpm 2 hr 500 rpm 1 hr) #F3 % &

a2 74

S

—_

=80 CB~ 3 A B4 » 5 F Ap50 (1 w/mD):1 100 mI LB #5g @ -

37 °C» 150 rpm » O/N

2. 300ml i e » 5 ApS0 (1 pl/ml) 2.7 L § 545 % A7 s % o
PR b UH R T L300 pm ~ Al 0% F e F £ 1

vvm 3 % (14,15,16 and 12) hr o
3. 4¢3 ¥ Mitomycin C 0.2 (mg/L) » £ 32 % 6hria % :c3 5 %
4. PR RIE OD 2 Ef
362 it FRAEHFEL BB
Pl 72 FRAE (1%,5%and 10 %) 3 A 2 #2585 e

1. %80 CB~if £ AHA W4 » 25 Ap50 (1 p/ml)7 100 ml LB #5g® >

37 °C » 150 rpm » O/N -

3. 4v o # ¥ Mitomycin C 0.2 (mg/L) » £ 3 % 6hri3 % 323 5% -

4. B PIE OD 2 & .
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3.6.3 7 FikA FRAKEFE LB

3.6.3.1 347 B kAR AR AT 2 ¥ FMitomycin C 3 i2)

Pen: f3 2 RER T 54 (20,30and40 g/L) H# A F2 B8 -

L.

4.

J-80 (CB~ 3 4 FiEA B4~ §F ApSO (1 pl/ml)sh 100 mILB #3577 -

37 C » 150 rpm > O/N

300 ml Fie4e » 23 ApS0 (1 W/m) 2.7 L7 kERF 3 B %A &
fe3s A& 0 T A ggE L U450 rpme B g E T FL300 rpm - 24 2 dF 30%

%3 i Elvwmzp i (1515and 16) hr e
Sv 3% A Mitomycin C 0.2 (mg/L) » £ 32 % 6 hr 2 % :2 2 HY% -

B it ipl £ OD % i %

3.6.32 3 7 F AR FBURE AT 2 B PIPTG F %2 32)

Ben: 3537 kA § 3 1% (0,20and 40 g/L) 5 5 2 72 B

L.

=80 CB~3 4 FiA B4 » 53 ApSO (I wmDin 100 mI LB #4537 -

37 C » 150rpm > O/N -

300 ml i de ~ 2 5 ApS0 (1 w/ml) 27 L 2 RER T 5 M2 % A7 &
FE3s & > B U450 rpm > B T L300 rpm ~ $24] H4F 30

%%% ~i&F £ 1vvm % 6hre
be ~ 24 HA IPTG 0.238 (mg/L) > £ 32 % (5,6,and5.5) hrid % 123 5%->

=ik Rl E OD 2 & .
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364 FAXF 4T I HHHALLEFE

E]rfj:;fp;‘?)fszé\';\//l 4E§T§+}%<l and2 'k>_:d';?ﬁ})3 ]?]\ ‘ggg

L.

4.

=80 CB 3 4 FiFkAs B4 » 75 Ap50 (1 pl/mD)<7100ml LB #5%

¥ > 37 °C > 150 rpm > O/N -

300 ml ik e » & § ApS0 (1 pl/ml) 2.7 L& =i 4o i 54555 % 4
v AERE & 0 H wdgE 2550 rpmoe B i T 300 rpm > A

#30 %% ~EF € 1.5 vwwm3z % 10 hro
sy » 3% EA PTG 0238 (me/l) » 2 %6 hrid & 3 5% -

B Fi iRl OD 2 &1

365 FH R HFL2LHY

Pen: fEads4e®4 (1 and 1.5kg/em’) HE A HL TP -
1. =80 T3 L FFA %423 Ap50 (1 pl/mD&r100 ml LB #

¢ > 37 “C'» 150 rpm > O/N -

300 ml Fiw 4er 54 Ap50 (1 pl/ml) 2.7 L+ R4 2% 4 ¢ 5

BA o B F U550 rpmee B @ E T T 300 rpm ~ 4] adF 30 %
A% ~igF £1.5 vvm & 10 hro

be x4 8 IPTG 0.238(mg/L) » £33 % 6 hria % :c2 5 %

P FiRPIE OD 2 &4t
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37 RiEkFHR Iy B i
371 HFH A R HEFREHEEL LB
3711 7 R SRR A EHE LB
Pt dFd7 FAEM(E7 R)F el (1,2 and 35) HEHEHE -

I, H-80 TP~ 3 A FHEA w4 » 54 Ap50 (1 upl/mD#100 ml LB #

¢ »87 °C > 150 rpm > O/N ¢

2. 300 ml Fit s~ 53 Ap50 (1 pl/ml) 2.7 Lg% 5 5 e
% > TR 1450 rpm o Bk T 300 rpm ~ £ A 30%%

§ ~N

(s
8y

¥ 1 vwwmniz® (14,12and 15) hro
3. 4v 3 A Mitomycin C 0.2 (mg/L) > B3 % 6hr;3 % i3 5 %o
4. P ERRE OD 2 Zf .
3.7.1.2 FEi* Pﬁ’i}ﬁ-ﬁ'}z’r“hﬁ&ﬁm 2 5P
P AR A ERER (1,1/2 and 2 &) a2 8 -

1. 80 C2 3 X FHiFE~LH %4 » 25 Apd0 (I pl/ml)2100 ml LB #

s¢ 5 37 °C » 150 rpm > O/N o

2. 300 ml g4 » 25 Apd0 (1 ul/ml) 2.7 L §F 54832 % A ¢ %

& Fledgid U450 rpm o B EdgE 7 'L 300 rpm > FAkadF 30 %

o

AEF ~igFg £ 1 vwmi i (14,17and 15) hre

3. 4r x> 7 K E# Mitomycin C “kA& (0.2,0.1 and 0.4 (mg/L)) > £

BA&CGhraFcib e
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4. PERElE OD 2 E1 .

T2 B2 Fia§ RAHiEH2Z B

Peh F53 7 B3 § (DO = 5%) $isiiz B -

H

1. =80 CE3 2 FFA %4 » 735 Apd0 (1 pl/ml)100ml LB #3g

# > 37 °C > 150 rpm > O/N -

2. 300 ml &4 » 53 Ap50 (L pl/ml) 207 L # 5485 % A ¢ #pss

A

> o B g 450 rpm o B g T 300 rpm ~ ] dF 30 %

%% 2581 vwvm % 16 hro

dv ~ 3 E A Mitomycin C 0.2 (mg/L) > £ 3% 6 hrid § :c3 b% e

4. PFHieplE OD 2 Fi4 e
373 HEH* FERHBHEZ R

Pen: #7342 R A (26,30 and 37 C) #iaib2 B8

o

1. 780 C2 3 % Aiks B4 r» 25 Apd0 (I pl/ml)s2100 ml LB #

s 537 °C 150 rpm > O/N
2. 300 ml Fi 4 » 5 Ap50-(1 pl/mD) 2.7 LF §A85 % A ¢ s

% Faggw 2450 rpm o F EdEE T 'L 300 rpm > FAlE 30 %

-

AEF ~igFg £ 1 vwmi i (14,15and 16) hre

RS

4v ~ 3% %% Mitomycin C 0.2 (mg/L) > 32 % 6 hrigd ¥ 223 5 %> £ 2%

TRERTER -
4. P~FiRip|E OD 2 jE o
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374 HFE* b ak E RS2 BB

Pt 47 b pidke (pH = 5,6,7,8and9) $5 2 B2 58 -

H

1. =80 CE3LFEA %4273 Ap50 (1 pl/mD100 ml LB #

#g¢ + 37 °C » 150rpm > O/N o

2. 300 ml Ei e » 53 ApS0 (1 ul/ml) 2.7 L ¥ 5485 % 47 5

% B #4650 rpmo B g T 'L 300 rpm -~ FAadF 30 %

11>i

%F ~EF B 1 vwmE % 16 hro

be ~ 3% 3 Mitomycin C 0.2 (mg/L) » & 4% 6 hria & :x % 5% £ 2%

*FpH BETREE
4 PFRRIE OD 2 EHE
375 HFHA FFEM A FRHERZ PF

DI A Rk A e~ pERF (8, 12,and 16 hour) ¥iE 2 B .

B

1. 780 CE 32 FEAB4e»z 3 Apd0 (1 pl/mD)100 ml LB #

2% 5 37 “C» 150 pm > O/N
2. 300ml Fide » 53 Ap50 (I pl/mD) 2.7 L 545 % A7 s

% 0 He g 450 rpm o FH g T 2L 300 rpm > Fd dadF 30 %

T

g

AE ~iEFE 1l vvmrE -

o

3. v 3 ¥EA Mitomycin C 0.2 (mg/L) » 3% 6 hria ¥ :x2 5 %> £ 2%

PR EEA G EE TR

4. BFiRRlE OD 2 & .
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3.7.6 SLIEEF At £ 4 5

3.4 BLIESFMEN L 4 2t
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FmE REEUS
41 RiEFRE %
411 FE# P FEEHHE LB P

kS BT AL B IR DB F e AR RN R
A

(450,500, 550 and 300 rpm-2 hr 500 rpm 1 hr) ¥ FHF AL 2 L 2 B -
BRI A 42 HRETARBAELH L BE AT RS B R AWML L

Frimgids > 12 550 tpm G B hOD & 0 B F BAXF MR AT A 4 hATP i
AR REANE L (et DAL RS BERE G SR L AT R
ZN M R AR O P FRBEAREAR N 0 4ok 4] -

14
\
—
12 4 \ \ —e
10 A
o —&— 550 rpm
A —&— 500 rpm
o —&— 450 rpm
6 —&— 300 rpm 2 hr,500 rpm 1 hr
— ——— Induction time
4 H
2 -
0 ' '
o 10 20 30 40
Time(hr)

M4 173 ks sHEr ®
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50

40
%; 30 1 —&— 550 rpm
§ —&— 500 rpm
8 —0— 450 rpm
L_g 20 —&— 300 rpm 2 hr,500 rpm 1 hr
10
0 . . \. a )
0 10 20 30 40
Time(hr)
MA272 P EERFEFRIEZE VR
4.1 7 FPREERFY BV R
450 rpm 500 rpm 550 rpm 300 rpm 2 hr,500 rpm 1 hr
activity 2" 2° 21 21
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\\\

412 FE P FRFEHFHRLBP

Ik

BATAF P IRRI AP L LNERT]E - R > BRBET N ER
BEBERS FHEF AR AP RAHFAAY o R FRER

FoiFr PEAE (1 %5 %and 10 %)

la M

LA FR G 5 R eh? E s A=
HEHFEEL L2 B - F%E5wrB43 44 121 % 25 % EEN
A2 EFRFAODE et > FERCFAWELIFELL L 10 WEFE 34
Bisd 0 RGBT KT REHLODE . AR ELRAR 1 % HUET

EtgR B0 % 210 % A v FepEps i apdtAs kALY 50 Aok 42
LT P A A F S EE L B R REEROYE Fr S AL > AR

%8 5 %R AR I RE 0D B g E AP R A o

oD

0@ T T T T T
0 5 10 15 20 25 30

Time(hr)
WM4.37 FRAZAHE R
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50

Time(hr)
WMA4r FRAZRTERTHEE R

2427 FERFALA Y B2 R

1% 5% 10 %

activity 2° 2" 21

57
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413 HFH 2 RERTHAHAEZHE

4131 #F#H 7 BER TRFBH AT 2 ¥ FMitomycin CH F i2)

BERESIMGI KIS 32 AL ERERANPEEL S £ o

¥ FE AL 7R TEE  PAFHERANF BAE DT D

FARERS RS o A7 B 2 FIRA DR (20,30 and 40 g/L) #

FHE AL &

2o TS F4cB 4.5 12130 g/L & 40 g/L 0f 4Bk

BEG#BHODE - AFLEHF (0-16 hr) 20 g/L &2 30 g/L -y 5§ 4

ERE AR RTLMR 4Bl 4.6 288 30 g/Lend kR SRS

E
™

L

s —

{7

oD

12

oo dREL R 430 a2 ARV FIEC RO IR AFANL £

T EBERSRERAMALETRERS B0 S EF Rt

10 A

—®— Glucose (20 g/L)
—®— Glucose (30 g/L)
—®— Glucose (40 g/L)

Time(hr)
ML+ FEEBERZHE R
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50

25

40
%’; 30 7 —&— Glucose (20 g/L)
T —&— Glucose (30 g/L)
§ —&— Glucose (40 g/L)
3 20
10 +
0 T T 1 I
0 5 10 15 20
Time(hr)
W46 72 kA4 EROEFRIIEZEVR
2437 FTERERE T BV R
20 g/L 30 g/L 40 g/L
activity 2" 2" 2'°
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413285312 R RR SRR AL L EETIPTGH E i2)

AR SRIF A R kR Gk (0,20 and 40 g/L) HEAME AL L2
o FEREEBA.T> 220 g/L v 40 g/L i kR E G #F 90D
o LFtL LB F (0~16hr) 20 g/L & 40 g/L ey § 4k & L0 85 %
FERRRG B 4,80 g/L~20 g/L & 40 g/L v FHAE - o 2
F T ED F F AR AR IPTG £ FFp A2 Jd BHRG * AP 7

)

12

10 ~

A —&— Glucose (40 g/L)
O 67 —&— Glucose (20 g/L
| —8— Glucose (0 g/L)

Time(hr)

WMATHFEFREREHEN R
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40

30 A \
-
A=
(D) —&— Glucose (40 g/L)
8 20 —8— Glucose (20 g/L
g —@— Glucose (0 g/L)
O
10
oe
0 25
Time(hr)
WMA82 itk ROTERIELE R
2447 FHEREREFY BV R
0 g/L 20 g/L 40 g/L
activity 2" 2" 2'°

61



4.1.4 #F‘H*"'u, i FRHALLEF

ER Al i 2 BRENWEERTT Y RARERS BERF > R0 3
R AR Frdlmrend £ R Tme kR RERF o AT R
Feped 34 (1 and 2 times) $FAME AL £ 2 BF - 3t - K1 #5F
e - B E B ERE G - X RMEANERAL ALY
ﬁ%*%*m@iaﬁﬁ(mwhm—ﬁq% P B ALE BT
el 0 FARAT RS f R 0D 0 delf] 490 410 0 Fov A4 A - SR

%é';v(

/\‘

AR F AL RE o BRI R TRT BT o e A &

ARy wF L aoh 45

16

14 |

12 ~

10

oD
[oe]

—&— Glucose 2 times
—&— Glucose 1 times

0 2 4 6 8 10 12 14 16 18
Time(hr)

UPREIES S ¥ 2 Y121 T3

62



Glucose(g/L)

50

40

30

—&— Glucose 2 times
—&— Glucose 1 times

20 -
10 A
0 T T T T T T | :
0 2 4 6 8 10 12 14 16
Time(hr)
WA 103 Fkse i FRFEE R
2 AP FA5ATEREFY BEVR
1 times 9 times
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44 BEATIEEA BB FLEBTRE R
AAUBEATIE R A Y BFLEMTRA R
Fermentation =~ Carobon Aeration rpm  OD Reference Product
Strategy source
Feeding
volume
Batch5 L Glucose lvwm 100 1.355 ®&/Aa/M-1L#%m~ RPLKPW
stirred tank 20 g/L % K 5 2006 LERRY
Batch5 L Sucrose Ilvwm 100 2.14 LA -1L#%#m~ RPLKPW
stirred tank 20 g/L % ® 5 2006 LEXEY
Batch5 L Fructose lvwm 100 174 &L B3%1L#H> RPLKPW
stirred tank 20 g/L % B 5 2006 LEREN
Batch 5 L Glucose ~ 1.5vwwm 550 12.2 This study ~ #r ] Fv
stirred tank 40 g/L
Fed-batch 5L  Glucose lvwm 800 107 ¢&#F#AL@w? k2
stirred tank 20 g/L B = F 2004 Y
Fed-batch5L  Glucose  1.5vwwm 550  13.7 This study ER K
stirred tank 40 g/L
Continuous 5  Glucose lvvm 800 35 oy k=
L stirred tank. 750 g/L = F 2004 %k pE
Continuous 5 Glucose lvm 500 478 Electronic i ik
L stirred tank  226.8 g/L Journal of
Biotechnology
2019
Batch2 L Cellobiose - 150 0.16 [29] D-5tpe
stirred tank 10 g/L
Continuous 2 Cellobiose - 150 0.68 [29] D-5tpe
L stirred tank 10 g/L
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