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Group |. A =5} 20}

1. PCR (Polymerase Chain Reaction)®l] 3#3slo:(50%)
1-1. oFg} 5'-3" DNA o tiste] Fo1% primersE AIE8ES W Uo=
PCR F AAE (major product) ¢ FAx ¥E7]44E (DNA

sequence) 2 3411712
5" ' ATGCGTTAACGCGTAATGGCCTAATCTATGTAGCGCGAA
AATGCGCTTCCAGCCAGAGTCTCGGAACTAGCCTTATGA 3

with primers: 5' TTCCAGCC 3’ 3' CGGAATAC &'

Aol theke] 3w A ALo] 2717 7 Aol
A 57}

= Tz

1-2. of2 @71 = Fo A
ZolA vehhE A EE T

5' TACGACCCGGTGTCAAAG3'

Primer set: 5'CGACC3' 3'AGTTTS'

1*' round:
nd 3
2" round:

1 s
3™ round:




gh
™
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2. Genetic diseasesE 2Awgd £ Q= AEEA W F Restriction

)

enzyme HPH 3} Southern blot analysis® A 834 Sickle cell anemia&
a3 AgEs PAS okdl I¥EE Ea H9sire. ( Sickle cell
anemiat point mutation ©] 28] glutamic acid(GAG)7} valine(GUG) & &
Wyl FRFENS FA. Mstl restriction cnzyvme & 2@ sitew
5'-C-C-T-N-A-G-G-3' o]t}) (50 &)

GAG

B—globin

Mstll Mstl Mstll

L 1 1

1.15 Kb 0.2 Kb




Group Il. S0/ =5 £of

1. Human growth hormone (hGH) # A A& 712 1 & F T 79 Zgt=zn = (Pl
&P} 54 o] ©rE2 F5%2 £ coli 5 (ECIZF ECIN7} 9t} & Zet=zu] =
T E colis B A#ste] og 4 T75Y AZE E coli FFE A XY
o}k (50 %)

ECI/PI : E. coli ECI strain carrying the PI plasmid
ECI/PIL : E. coli ECI strain carrying the PII plasmid
ECII/PIL : E. coli ECII carrying the PI plasmid
ECIVPIL: E. coli ECII carrying the PII plasmid

# gk & Human growth hormone
o] ¥ H = A& 2AVE] O E B 22 AHE A

condition
Glucose / IPTG /30°C | Glucose / Nothing / 40°C | Glucose / IPTG / 30°C
ECI/PI no ves no
ECI/PII ves no ves
ECII/P1 yes ves ves
ECII/PII ves no yves

Yes, hGH expressed ; No, hGH not expressed.

E T e ER YRR

2)
L. (T7 promoter= AF-8-5] ] 29k

9]

A=
-
Kol
1




2. DNA2] & /E EF3A Xoto fEHe ZdWol(mutation), 7%
o] wte} =AW ol(back mutation) = B (reversion)olgts 7]&o 7
Aol xdHo| FEHV|E grh. 7FE, 100708 ofnjeAto® 7" TR
o] &4 X7} EAsta, o] Jmio Ao M F8F 24U 20MAY
glutamate 2t 80 A 2] lysine¥ 2] ionic interaction ©]2txl 7FAsIaL, 20
A glutamateo] MNFahi= FAA] ZE(GAA) FEo EdWolr AA
arginined I E (AAAE A3 EdWo] g4 Y71 9rEo] HoH,(60%)

a) GAAOIA AAAZ Q] EdAwole} ol
O

F9] purine €712 ASHT =

h)EdWo] @i Yo WEH 20 & arginine =9 & 2ol back
mutationo] FAste], A &2 Xo A dFEEo] FJEIYHA, o &

= (revertant)?] 20 #fo] &7 g = = 27}A ofH]

c) Holdo]l 4 Y9 80WHA lysine FIEo|A second-site mutationo] £
A & XY FAdo] FHEFHATH, o] EFAF (revertant)¥] 80 A ] &
12 = s 271 obpliedbE F AR




3 150 rpmoll Al kst ZHz; % ;
3 fmae @9 293 F 2/EEEHRE v (M oms )Q]r g = 712 F% (bulk
concentration), [Sy]JOVM)¢e] #AIE Linewecaver—Burk plotol]l YERNE ofzf 21} o)
150 rpmol A1 Q) WS AE Axes 2 Mo] ¥glon] 50 rpmolA Y SAH A= [Sylétol S

2 2Al0] gk, o APALE o) a4 obale) Aol FahA 2. (603)
(1) 31—,11}-5\41:7} 50 I’Pm?_l LIHy [Sb]?});o} 15%_1 ]C') Lineweaver-Burk D Otoﬂ /\1 ;7 }O] 5‘::1 o]«lor
SRS

(2) o) 143} 749 intrinsic parameter, Ve (M m™s )2} Kin (M )3 T84 2.

(3) INFEE7F 50 rpme 79 liquid mass transfer coefficient ki, (m™%s™) 9] gk T84 9.
g3 A AEA BW Atolo BAAGEE (M mTs )i geAor gdd. I =
ki (ISy]= ISD). o 7)ol A [S,)+= st sl as THolA 7] H o] F5o|t).

1/v
0.20 M~ m2s[—

of
0.15 M~ " m2s[— : o
0.10 M " m2s—
150 rpm
0.02 M~" m2s
| | | | | | |
oo M| 100 M 300 M- 500 M-

1/1S,]
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Eskar, Ky = 0.1 g/L, Ke = 1000 g/l duj 7129 &

Km KZ
E+S<«—>ES «— E+P
+
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SES




Group IV. ¥ & ME33 Zof

1.t 9 EAS 7HA m A E L chemostat culture® w] oo &3}e}.

Moo S
= 7—-k = max
Hyer lLlé d KS-FS d

A

Ho=0.3h":Ks =02g L7 ks =0.01 h'%; Yais =0.06 g g
Ypis =046 g¢g 1 qp =34 ¢g g'hh So=12¢g e X, = flg T2

Po=0gL ¥V =60m"% F=6m"h'

(1) Aol gist B4R S A5-aL, e 718 $2(5)E Artsken
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2.

2. Show that a chemostat can be operated at dilution rates higher than

the specific growth rate when cell recycle is used.(30 )




Group IV. B2k & ME3H 20}

1. g2 EAS 717 u) &S chemostat cultured wf o} &8},
(7074)

:umaxS
Hyper :lug _kd :—]<S_+E_ d

Emx=03h "' :Ks =02g L% ks =001 05 Yis =006 g g™
Vos =046gg ' dp =34gg h’ So=12gL™ Xo=0gL™!

P,=0gL 'V =60m*% F =6m°h’’

(2) Nl dig EFFA2 S A5, 25 AX F2(X)E Adsteh

(3) AarEol t BAFAAS A3, &3] BAE FE(P)E AAtst

e},

2. Show that a chemostat can be operated at dilution rates higher than

the specific growth rate when cell recycle is used.(30 &)




Group V. ME&2z|HH ot
1LetEe] A2 o]t £ o Bxieke] 2002 §3L FEsEn
o}, o] AF(pore)o] EAA7Io] HE FEd] FomE o] FEE A &

()
off
bt

A3 wjAlE = Holw AFEdo]l FEst. FUHE feed TY &
2 g/L ola grje] WEDNASE 74x107% cm/hkPa o]t} o] FAE A
= 20°ColA 20 cm®/cm®h o] A F fluxE do#a ot (60%)

[1] o3 z7lo #Hgats A5 A7]kPalE Takeh 71A8s RS
8.314 LkPa/mol'K ©]t}.

2] o342 +Y3hr] skl Wed Ha eANA[kPale TFael @, o
B QAW f40] FEPol BB JFL TAWT

(3] A% 100 LE dFslor @otd 99 fluxs €71 st e73H= &
WA [em®] S T8he)

o

2, ARVEIHRYE ol&F A FAHAM HA 50mm, Aol 500mmY
columnol Al 13 FYFL 1g, FAr17Fo] 30min, F3°] 50mL/mino] kil
7} 8H, WA 450mm, Z2°] 900mm¢<! columnOZ scale-up @ B¢ o
&8 77t AAEEA (40 3.

() 13 F+4%F

(2) %

(3) (¥l T FFS FAT FF FYAF2?
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Group |. XM E35} 20}
18( 508)

\=]

S o 4O PCR F+ A=

1. PCR(Polymerase Chain Reaction)el] #3}¢]:
S
a9l 7F? (20 pt.)

[-1. o}8] 5'-3' DNA °f disted Fo]A primers®
(major product) & A2 @714 <E (DNA sequence) <

A+

5'ATGCGTTAACGCGTAATGGCCTAATCTATGTAGCGCGAA

AATGCGCTTCCAGCCAGAGTCTCGGAACTAGCCTTATGA 3'
TACT

AAGGTCGGTCTCAGAGCCTTGATCGGAA

with primers: 5' TTCCAGCC 3' 3' CGGAATAC &'

AF71E)D ARA A71ME (3'-5)% AL
2) 5'TTCCAGC3' L glolv]= 3" 5 Wako] A7 Ad FHA ] YAZ Frolr £
&k, 3'CGGAATACS' Zejolu = 5" 3' Wake] 971 E el 24 fATF
3) F Zejoly HAUIMES F3te T Zepoln Ato] GUIMES ¥ A o

= xﬂﬂ% (32 bp) ol

ouble strand % #fol] 17]0] diste] 3M A Aol E7hA] 2} Alo]

[-2. o} A7|MER Fozl
£21717 (30 pt)

d
ZolA vede gL 79

5'TACGACCCGGTGTCAAAGS'

Primer set: 5'CGACC3' 3'AGTTTS!

1st round:
2nd round:

3rd round:

S WA 2AAlE A

il
FR A QAo 2139
A5 dlA dojAl= F71AE 470 (2#8) (original 271

AA71E) 1) 3'-5'9 WA A7AME
2) ‘T o 7 ol A
3) A Atol & frHAt A

3
4) o] G714 4Y 4740 wiste] tA ZF TejolHE AR A Aol Eox FHA AL
A Aol = 71449 87 (4%) (original 27] £3H)

o2 fAHA FHNSS B




5 YAl 7z ZepolE F7AE 8700 st Q1 Fol 3HA Alo] S {F A ANk
28 E3to] ey 97149 1671 (8) (original 271 XE3}H)

2e( 508)

Sickle cell anemia

Sickle cell anemias dl2=22¢812 R&EXIF (chromosome 11) BHE L 0
& 19 GHE:QJEE =X Z0U A B-globin chain2 6% R amino acid®!

=
J2 HET LRG0 HeEA o4y MEEE WoIl WoiD. 0 ¢
HE MBS BHS 90 B 432 Yoot HED MEY ML BY
O WOF EXLY &40t ZHE L)

SRMESN H2 gy

rr

HE MOz Genetic diseasesE &lctat £ U
(1) Restriction enzyme
(2) Oligonucleotide and Southern blot
(3) PCR analysis® DNA sequencing analysis &0ICt

HI
%
0T
IS
nio
(=)
0P
ol
=)

Z M, Sickle cell hemoglobin®l mutation 8 HligtaA
2HEHS| &olol 2 4 QUL

Mstll restriction enzyme 2 8¢ site= : 5'-C-C-T-N-A-G-G-3' O|LC}.

beta—globin gene DNA Sequence at Positions 5 - 7 Mstll Action

Mstll Site -C-C-T-N-A-G-G-

HbA CCT - GAG - GAG restrict (2 &)

HbS CCT - GTG - GAG ignore (&E ¢t ot&)
et EAX0l beta—globin RV X = Mstllg B EHE 20110 mutant K& Xt
= 01 Netgadt elXlot= DNA sequenceldt EcetXlJl HE0 E oA 2
SHCH.

=M, st Ot JBUHA = A 201 £ cONA probeE 0l205t(H
southern blot analysis&oll DNA fragment2| sizeE HI W& O Z M sickle cell




Group Il. S20|dM=g 0}
M ( 508)

Pl Eet=m =
E A hGH A A ¢koll Py promoterE 7FA| 3L 9L+, cl repressor (cI857)
e Sl
o]

S Pl Z =1 =9 ¢l repressor/F EEE o] ATHA, ECI/PIS] 74 %
30°C of| A = b o] 5 %] golof gt

Pl ZE}&1 =
E A hGH A AF 9ol tac (T2, 5d3 =4 7]

= T,

1

XN
mlo

7}71) promoterE 7}4]
31 3. &, lac promoter= 0]—"‘ lacI? & A AE 712 21 9L

i =
o : PIl F2F2P| EE 7h #5= IPTG =4 Aol @ hGH &d. -],

o] promoter= glucose?] «]?SH repression®] T A g5 wWEkA, Hoj =
lac promoter= ©}'d

ECI o5
EA . &7 A ol repressor (cI857) % ]’% AR R ZE 7FA 1 9 &
o]§ : PI Ze}= | =] ol repressor’} ¢l oW =9} AF#{lo] hGHZF 23
%] of of d}i} 40 °C o A Tk HL&QE}E AL 223221 ECIO] cl repressor
SR WM.

a) transition

b)aspartate®} glutamate

c) aspartate®} glutamate



anemiaZ X 4 QU 2HHs| EYotH HAY SN2 E genomic DNA
£ 22/ttt 0l DNAE Mstliz2 & =
membraneOfl transferdCt. OF2 cONA SE S P¥|abelling 3t 1) membrane it
hybridization ot0 x—ray fim&0lA BlRalEH F&HQ! beta—globin =&
E Mstll2 HEHet DNAMOAIE 1.15kb single bandE &€& == UL Bt
mutant beta—globin & Xt= 0l Met& A0t 21Xl £6t= DNA sequence
JFXID Ul MH201 1.35kb DNA fragmentdt LIEFHCH OetM & HQI
beta—globin && Xt= mutant beta—globin 2 Ct DNA sizeJt Al LIEHEHCE

5 6 7
Pro Gilu Glu
Mstll recognition c c T G A G G A G vii
sequence * e
c Cc. 7T G T G G A G PG
Pro Val Glu

Ba globin == ===~
M‘?‘tll
1 1‘3 kb
¢DNA probe 7N " L
s globin - === -~ -
Sickle mutation =~ | :
M?Y'I 1.35 kb : : Mﬁ;l“
1.35 kb [—
1.15 kb I
AS ss AR
Heterozygote Homozygote Normal

Southern blot analysis




Group lll. EA&8 20}
1H( 60%)

(1) [Sp]9] ol B& £2 7 A G Gl AA7] WE.

(2) o] A3} 749 intrinsic parameter, Vyu & Knfk S T3HA1 2
50 rpm&] data®%-El intrinsic parameter?] & T3t

x% AW 02 HH K, = 1/100 M = 1x107° M(0.01 M or 10 mM)
vE AW O ZHE V= 1/0.02 Mm™?s'=50Mm s
(3) 2571 50 rpm? 49 liquid mass transfer coefficient k.9l #t& T84 &

Steady-state equation for immobilized enzyme reaction with external mass transfer:
v = kL ([Sb]— [Ss]) = Vmax [Ss]/( Km + [Ss])

External diffusion % 8Fo] Wty 7149 FErb e vk3-9f 44
Z [S < [Sh] <<Kn &
ki ([Sp]= [Ss]) = Vinax [Ss)/ Kin
o] 2] 0 5 HE
[Ss] = ki, [Sp)/Cke + Vinax / Ki)
o

olo
b
k1
rr

\%

V= Vmax [Ss]/ I'<m = TToTTTTTTTT == =k [Sb]
( kL + Vmax / Km)

t}. Lineweaver—-Burk ploto] A]
A

50 rpmol Al WFE& dOo% A9l 71 &71E 1/k7F 9o

d
o] 71&7] o ENE k. gk
50 rpm A @0l A 7149 FE7h & Bl HaAe Vel =

slope = 1/k = 0.15 M m%s / 500 M} = 3 x 107" m®s
= ( kl, + Vmax / Km) / (Vmax kL / Km)

Viax / K = 5000 m %s o] B2




(k. + 5000 m2s™") / (5000 m™2s™ k) = 3 x 107" m®s

ki + 5000 m%s™ = 1.5 ki,
0.5 k;, = 5000 m™s™"!

k., = 1x 10" m™%s™!

ik = 1x 10 m™%s™!

20 ( 408)
_[E]lS] [S][ES]
LKy = pg 0 Ke = ems O
Usz[ES] (2)
Vi “kz[ ] (3)
[E],= [E]+[ES] + [SES] (4)

WE @l dYF F (@ + @)L s

V.. [ES] v, 18]

m

V=

(E]+ [ES]+[SES] . 1517

TR
(5)7 2]
L1 2(5]
b v, (K, +[S]+ KS[) v, [S1(1+ »
dlsl 151
(K, + [+ Kﬂ)
_ s
d’U B I/HI (KNL KS]) 0
d[S] s ,
(K, + [+ Kﬂ)
el g (8], = VK. K

[S max \/KH:KS] \/71 x 1000 =10

o 10g/L




Group IV. HiQF & MEZH Zof

1H B HUFAIX] S(70H)
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Group V. ME==2|HA o}
18 ( 608)

[1]

§40] GAMARGD HASE Fhd gl U] S FEs} Husez

van't Hoff eqn.ol &3t A4F<9F At =~ RTCleed
= (8,314 LkPa/mol'K)(293K)(2 g/L)(1 mol/200 g) = 24.36 kPa

(2]
Foj oAl EE = &9 fluxE J. = Ky(AP—Arn) °|EZ

AP:%—FAF = (20 ecm/h)/(7.4x10 * cm/hkPa) + 24.36 kPa

14

[3]
A3} flux Jo=20 cm’/cm*h & T A7

-

3 e HT FaEs

gole) ¥9g o



2 (40%)
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