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A I Aol = AAH AFE FHHee F4A (WHF)7F AR 258H A&
A AR ol & E o2 Aitsle] A 7ol o] &staral s

)
ot

1) A2 #HE s S50 gatAll (65%).
@D ol & Al thgtol A Hxﬂ (replication) ¥ += Ze}2~v = (plasmid)?] pBR322E +*
ko g slo] wteolx 1y 2—-13 728 W WlE (expression vector)ol] 13 2—29F 7+
© hWHF 3 A9 OE DNA (cDNA, complementary DNA)—- 24 3taz} s},

ST dd s Aaksty] faf ofwWA SRYE Y AJIE A AFELE o] &3
AAstaL o] W S=do] drd wd WMHE IEAL. 9 ”H, HHUE S W A
S

=
3 olgl A whEoz W HH 2R duldo] e A= ol%li AWSIAlS., a8, I
AL (B0%). (¥F, 19 2—19A WEo] gl FEE E3sle] a28A Q).

Promoter

s \2/\<— Shine-Dalgarno Sequence

—Ndel Site

Amp resistance
~— Multi-Cloning, Site

s

e
Ori
i \ CATranscriptinn terminator

1. Ndel site :
-CATATG- == -CA TATG-
—GTATBC— AE=F -GTAT AC-
L. Multi—cloning site :
EcoRl BamHl| Clal
Site Site Site

. Amp" : Ampicillin resistance gene

2. Ori : Origin of replication



1% 2-2. hWHF9] ¢cDNA

Coding sequence (450bps)
[ |
| arc | | TcA

L1
Ndel BamHT Clal
Site Site Site

Coding Sequence — T A S Wt==1 AR Y= 7|2 o] A ATGEYH
TGAZMA & o]&35lo] e = dajdo] AA X759

o
d
[

(&, 28 2-13 2-29] Yo AFasre Aus DA S} cDNAOA] HH T
(unique) YERIT}H)

@ 19 2-19M AH8E ZERE = 29 2-33 o] A v o] A
(operator) o+ AIAA} (repressor) (o= ¥A7F 23t 1 @S A5 L7}
F5=A (inducer)7} FYHH F=A7F A= Atatod AL (transcription) 7}
A ZHE T o] e ARl o2 AL (20%).

Iy 2-3. T2 RH

BENA Operator
polymerase
binding site

@ $% (induction)dl o]a] ¥rEo]%x mRNAYE thS3 2o o] mRNAZRE HY
(translation)ol] 2]3] w¥la hWHF7} wtEo] Xt} o] w] Shine—Dalgarno sequence”}
St Ak s AWsiA L. 7)o e = "l o] ofnjAike] = duldd

Ao odE =71 (15%)

2) Rb-g-715 o] &3t wikoll thek e E5oll 9etrL. (35%)
@O olgA wEol AW E W sFo] AU o] o A=
ampicilline ¥+ A= donsith tiddo] Adst= gt A el So=



SN =

o] hWWHFZ Ag—_t-; FS7

1 Ao A &t

T hWHM Fro] Az =

WA =w 1 o] %=? (15%)
7] (bioreactor)E ©o]&3dte] AAatstazl strh. o] w ke
Arjo] hWHFE Aabstr] 9lsids (9] batchd Al¥

o
T e AL AEEHe gAl EA L. (



A U1, Zyvmomonas mobilis7t AWk o=z drgo] o] &5= SEeld (hexose) =
glucose 99 xylose®}t &2 28 (pentose)® o|§3 = JEH Frdo=

Az wolA skt

o] #3529 Monod parameter5< glucoseE ©]-&3to] AAAO] pPpa=0.40 hr ',
Ks=0.1 g/L., Yys=0.11 g - . lucose, Y,s=0.48 g ethanol/g gluose©]
i, XyloseE o838t A= na=0.30 hr !, Ki=0.5 g/L, Yus=0.10 g - ry
cell/g - ylose, Y,s=0.45 g ethanol/g xylose©|t}.

I3y glucose H%7F 0.2g/L oY 49, xyloseE o] &3k AFo] A

(repression) & Hb+=t}.

£ dEH o2 FF(feeding)S Wl A el (steady state)oll
79 HJ e WA &% (Maximum ethanol production rate)Z
#

R 93 M s vlEsta wAE FAL) (100%)



A V. Ag o2 RE AL = THE 28 113 (fructooligosaccharides) &

WEE 2 (Bifidus) B4, AZEY, 2EEEEZ F9 ofd 7 YA
N5 A3 Qo] ABAE RAE 2ol3 Qi J)B

ox
oft
Ju
o

T E &Y T sucrose fructose moeity7}F 1-87] B+ &g
Fo EFAZA AA AlBHIL A+ YTy FodTY TS v
2.
- = 8 =2 2 = PN NEE 5 &8 (%)
glucose G 180 28
ol BrE sucrose GF 342 16
sub—total 44
1-kestose GF2 504 40
nystose GF3 666 15
TeE22ldY | fructofuranosyl nystose GF4 828 1
- GF5 990 0
sub-total 56
total 100

ojuf THEZYNT AL T 2, =
1-kestose®] ¥Fol & 5 F2 AFolvt. THES YT
fructosyltransferaseghi= & 4ol <&t o}

reaction)oll we} A H ¥

8GF

|
AGF2 + 4G

|
2GF3 + 2GF

|
GF4 + GF2

= 88-2}9] sucroseo| A 4EA}2o] 1—kestose’} AT L 4522 glucose”’}
A "ol ol AWAE 1-kestose’} TRA] @49 V|A=R o]&Ho| FFrLo
fructose moeity7} ©]&FH WA nystoseZt AAFIL  FAY Ze 9
sucrose’} RFEo At} o] Fo &= o]§l wkg-o] A&HT

= o
Ae wreEd

T

Foll A o] & 4WFS-9] kineticsE AT-3F 23 A& kinetic

Jlm
ol



parameter&< o8 %9} Tt}

substrate Km(g/L) vm(g/L:h)
sucrose (S) Kms = 330 Vms = 120
1—kestose (K) Kmk = 750 Vik = 25
nystose (N) Ken = 850 Von = 15
1) B ubSo A HAE 2 ABAEE glucose S dolH 7] §3}e] sucroseds 7| E =
o] &3t g 4rk-go A glucose challenge(F7¢)) A3 43 A3 3} £
A3 datas LA}
v (g/Lh)
S (g/L) without glucose with glucose
(G =0) (G = 40 g/L)
100 30 15
200 49 27
300 62 36
400 71 44
500 78 51
600 84 57

o] data®=F¥ glucose(G) ¢ A3 (inhibition) T=FE AL A AT (Kp)
Tl gl (20%).

2) o] a4ty Alxde] WSS s (A Aols 1 A) (30%)

dK/dt =
dN/dt =
dG/dt =
o, glucose?] Adli= sucrose’} 712 Aol vt HA ST,

3) H/] HES-& =215 o] 831o] 500 g/L9] sucroseE 7|E=Z @AWNHSA] 1-kestose
=7F A7k H= Az 2 2 o] 29 59 1-kestosed] 3 (%)S Tkl



= Aol & 57l 93] Numerical method (Finite Difference Method)E
g3t F, dS/dt = (S, K, G)dH,

dS/dt = AS/4t = (Spr1 — S/t = (S, Ky, G)7F A= Aoz 714
dt = 5 hr2 AR (dK/dt, dN/dt, dG/dt= FL8E 2-8) (30%)

= O

F o

ol

T2 1-kestose?] g&Fo| H=&F5F FI7MA|7F =olxth,  1—kestose]
o7 AL Qe AgHd WS Acksle] HEl (20%)

A



( 40

1) (10 )
(

2) (15 )

lOgSAO:BA - Kkt
\ :BA - logS

3) (15 )

log(10°°) = 4.25- 0.75u
\ p=5mol/L

1 [] 2
=7 7°C.
2a|. 1 |
CW =2X, Csoi‘ =X
\ %(12>Qx+(-2)2xx)=5
\ x=1.67 mol/L

4) (10 ) (i) n¥5 mol/L
(i) m=5 mol/L

(iii) (ii)
(iv) B

: 2000.9.23

, 10 (1) (4)

)-5
(activity) salt

SAO A

5 points

10 points

5 points

(NH222SO0s® 2NHa™ +S0,*

10 points

B
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2.

1) (30 )
(1) 2-1 Ndel site  start codon  ATG .
2-2 hWHF hWHF cDNA
Ndel site  Clal site DNA (coding seaquence )
2-1 Ndel Clal DNA
F __L'_‘\_"::__--I‘-PIUI'IIDEH'
Anq:urcsisrm-::—/ ‘_}’mlll
'll‘f \'|| ‘--—Shim-Dﬂgmm Seguence
9 iy,
VoY Dodmg seguence, "
Tramseription fenmingkor ‘f W _)'*:.—?.d.el
B B
T S panm
TGA
Promoter transcription  transcription terminator
mRNA . mMRNA Shine-Dalgarno
sequence downstream ATG(AUG) translation
TGA(UGA) (hWHF)
(2 (20 ) repressor inducer operator RNA
polymerase = RNA polymerase binding site

transcription .o JEHA patkiarnie

inducer repressor  operator - -

RNA polymerase  RNA polymerase s
binding site transcription _

H&rﬂo&m::-e Urperadir

[} REA ot s

- ' =

O-

Eﬂﬁ\lmu Diparmiog

(gl EN& pobmers

a

3 @5 ) Shine-Dalgarno sequence RNA palymvsie (pesaien
ribosome start codon i
ATG . , ribosome

Sine-Dalgarno sequence
sequence ATG translation



hWHF  cDNA start codon (ATG) stop codon (TGA) 450 bp

TGA amino acid codon 3
amino acid (450-3)/3 = 149
2)
(1) (15 ) plasmid
plasmid , , plasmid
plasmid
, ampicillin selection plasmid
(2) 20 ) batch
inducer inducer
, hWHF
inducer
inducer . inducer
hWHF
hWHF
batch hWHF
( )
1) (65 )

(1) (30 )



1) 10

()] 10
3 ( )10
@ DNA 10
()] * ) 2-1 Ndel Clal
backbone  DNA fragment 4
* ) 2-2  hWHF cDNA Ndel Clal DNA fragment
4
( ) () DNA fragment (ligation) 2
3 Promoter transcription promoter transcription
terminator MRNA 5
mMRNA ATG TGA (hWHF)
5
(2)(20 )
D) 10
() 10
(1) * inducer repressor  operator binding
RNA polymerase repressor RNA
polymerase binding site 4
*Inducer repressor binding repressor-inducer complex
operator 4
*RNA polymerase repressor binding RNA
polymerase binding site transcription
2
(2) * inducer repressor  operator binding
RNA polymerase repre ssor RNA
polymerase binding site 4
*Inducer repressor binding repressor-inducer complex
operator 4
*RNA polymerase repressor binding RNA
polymerase binding site franscription
2
(3)(15 )
(1) Shine-Dalgarno sequence 8

(2) Amino acid 7



(1) Shine-Dalgarno sequence ribosome  binding

sequence binding ribosome sequence  downstream
ATG translation translation initiation
6
3) amino acid 3 base codon 150
acid 4
Stop codon TGA (UGA) amino acid
amino acid 3
2) (35 )
1 @as )
* plasmid random
5
*Ampicillin plasmid
(plasmid
5
* plasmid
(2) (20 )
* , hWHF (
( ) * Inducer
* Inducer
5
* inducer inducer

hWHF
10

amino

149

10 )



1) substrate . glucose
0.2 g/L (critical concentraion) xylose
. glucose substrate
standard chemostat G ).

Ethanol growth —associated fermentation process
growth-associated production constant (in Leudeking-Piret equation)
272
Yp/'s
Yx/s
ethanol growth associated fermentation process cell

ethanol Mhax optimum dilution
rate (Dop) ethanol G ).

2?27?27 =0.48/0.11 = 4.36 g ethanol/ g cell mass

D

opt

o .
Dopt = MGl [=—S—= -----(€d. 7.18 from Bailey and Oliis Il edition)
e VKs+Sg
parameter Dopt 0.382 hrt
G - )-

optimal dilution rate chemostat glucose

DKq

S=—>— (eq. 7.15 from Bailey and Ollis Il edition)
(Mmax - D)
glucose parameter
optimal dilution rate chemostat glucose 2.122 g/l
0.2 g/L (critical glucose concentration) ( glucose
substrate ) 5 - ).

ethanol production rate .
ethanol production rate Y. = 0.48 g ethanol / g glucose
x (the cell mass concentration)
ethanol production rate

ethanol



ethanol production rate ethanol optimal dilution
rate(Dopy) .
Ethanol production rate D*E = 0.382 * 22.981 = 8.7787 g ethanol/liter.hour
, optimal dilution rate only glucose

I

ethanol production rate

optimal dilution rate cell ®)  X=Y,,(S+S)
(5.267 g cell/l), Dopt 8.771g ethanol/liter hour
(a0 ).
2) dilution rate . dilution rate
glucose glucose
S .
MhaaxSerit dilution rate glucose glucose
KS+ Scrit
Seit , Dcrit  0.2667 hr't G ).
dilution rate glucose glucose
, Xylose dilution rate
dilutin rate glucose, xylose

. (Komoala, D.S., et al.
“ Cybernetic modeling of microbial growth on multiple substrates” Biotechnology ans
Bioengineering, 26: 1272-1281, 1984)

MS Excel
dilution rate glucose  xylose
S= DKs
M - D
cell glucose xylose
(additive growth) (additive growth) .
cybernetic dynamic
coupled non-linear algebraic .
Dcrit = 0.2666662 hr* glucose  xylose
. Chemostat

Yos(Si - )
Eiota = Ve (Gf - G)+YP/X (Xf - X)



dilution rate

P =DEiga =P g+ Px

glucose xylose
Dcritical 0.26666667 1/hour
Residual Glucose 0.2 g/l
Residual Xylose 4 g/l
Total Ethanol 44.604 g/I

Total Ethanol Prod. Rate 11.8944 g/I-hr is higher at D_,;; (10

(

local maximum
global maximum

gulcose  xylose dilution rate
11.89 g/I-hr dilution rate
8.7789 g/l-hr .
dilution rate dilution rate
) dilution rate
dilution (A) Dopt (B)
11.8944 g/L-hr B ).
I =115 + II,




4

1) (10 ) Lineweaver-Burk Plot

1/s (L/9)

S v 1/S 1/v
G=0 G=40 G=0 G=40
100 30 15 0.01 0.0333 0.0667
200 49 27 0.005 0.0204 0.0370
300 62 36 0.00333 0.0161 0.0278
400 71 44 0.0025 0.0141 0.0227
500 78 51 0.002 0.0128 0.0196
600 84 57 0.00167 0.0119 0.0175
8-67 y = 5.8796x + 0.0079
0-06 //
<
SEEN * G=0
8-62 7
6-01 /
-0 0 0.002 0.004 0.006 0.008 0.01 0.012

y_

(1 + 40/K) = 5.8796/2.5646 -

2) (15 )

Competitive inhibition

K, = 30.9 g/L

dS/dt =-v X S/ {S + K s(1+G/K){ + (2 x 342) / (4 x 504) x v,  Xx K/ (K« + K)

dK/dt = = v X K / (K + K) + (4 X 504) / (8 X 342) X Vs X S / {S + K, <(1+G/K)}

+ (1 x504)/ (2 x666) Xx viw X N/ (Kjw + N)

dN/dt=-v XN/ (K,y+ N)+(2x666)/ (4x504) XV XK/ Kygt+K)

dG/dt = (4 x 180) / (8 X 342) X VX S / {S + K, (1+G/K)}




3) (15 ) Numerical method

dS/dt = -120S/(S+330(1+G/30.9)) + 8.48K/(K+750)

dK/dt = -25K/(K+750) + 88.4S/(S+330(1+G/30.9)) + 5.68N/(N+850)

dN/dt = ~15N/(N+850) + 16.5K/(K+750)

dG/dt = 31.65/(S+330(1+G/30.9))

t=0hr t=5hr t=10hr| t=15hr
S 500 138.6 93.7 69.9
K 0 266.3 274.8 267.9
N 0 0 21.6 41.9
G 0 95.2 109.9 119.2
Total 500 500.1 500.0 498.9
t =10 hr K=274.8 g/L
4) (10

- Chromatographic separation
- Glucose oxidase
- Glucose

ion exchange resin

sucrose

OK

55.0%

gluconate



