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1. 1XL®IT

MEA TR Z T8 (2. DNA BB 2 ZEO I AND T EIE, AN, FEiRZ L
FEfibin, AMEIFICBIT D EAE TH L LRIV R S < (DNASRNA-Z LB —FR B
) BB FRBAT O MM A AP SIE T, AaB o m ASICfitiv, FICESFESTZDOH)
BefHTF &2 57259,

DD FEO R TIL, BRI RO RO BB EA TS T 5130 Tl xR
FERE L LD DR R A B R T ORI P EROEARN0E 27, SOITERTED OB T
FHHAZ FEER DL E FPBE WAL B T IEIZ DWW THIRE T 2 LB H 5,

AHHETIL, IR TR RO AR L7214 . KEO SR CIAE it THA iR
#4”Bio—Rad Explorer (IH4 %5 : Biotechnology Explorer)” (Bio—Rad laboratories) % H >, 044 %
DNA 3% T K IG B O T B it 325k CBEAR T-#A A2 F280) 2R3 2, F/zFEBE R OH|
TE FEBROLREH | BEFEW I 1L NCEIR FIEIC DWW TH BT 5, RERIT, [Es
TR Z AW DAL FE DN LD A O SARMERE IR IZ B D158 I HS<THE B B
(B FAEHLR B T, 2, 2002 FFGET STEEN A LR DNA EBRFEST TIXI#E R
AUk Z DNA FE8R | EHLEST = DO THD,

”"Bio-Rad Explorer” (1%, ¥ HFEK, &5 H X230 T2< 50 3 AL CRENTEDIOICHE
M7 AL, R TF AN MR T ANRE O EERIZHERE RN TEHE ENTND, ZOF
v X, AV 7T 5 (Aequorea victoria) \Z & ENDkk . d Y7 2 7)7 & [Green Fluorescent
Protein (GFP)]DE s 1% KIGH ~EANTHIETHD KGR ER T 2K A THD, BAREY
21X GFP OBsF%, KIGH 7 IAIRO 7 mE—4 (PBAD) FItIZHAAA T Z 7T AIN
DNA (pGLO) Z R K12 (HB101) BRI AU E R T2, IRITEE RS- RIGE RN
T, GFP BInTZFRHSHE, GFP XL ™\ I HEEOED, I THAIHEBREBRININE )
1E. ZORIGENTEINRE Y THIZIVIHER T2, Blo FRBGREICLER T e —2137 7
v =24 Rur 07T —HRlsE O TSI HIIC T T8 ) —RZ RIS 20350 Tl s
TR BIRE 2N TED,

ZOF T, EBRICHLELRRIE B E - T XA EEN R TELOTHDEN, ERRIRE
BRI CHHEINL, T a7l HWDO TR EORETEMEIMEHZ D)L,
REOHRNO P TR M EREZ A NTEH T 52N KU TH L,

KTFXAMT, EBRO T aha—L EREFHORAL NI TR, BERELRLVIISEE
BHHZ<BEDIALTHD,

AEEIE T RS | AT XA GRS OHBEIEEO—PENITENTHD,

201947 A 25 H
KB



H&
1. [ZLHIZ p.3

2. iR FEEHTIE .6

3. BIn FHBLHEHHM p. 7-12
3-1. B FHFIZHONT
3-2. KENZBT D AL PN LER DR RE LT HE
3-3. Bin FHEH K/ Bio-Rad Explorer”

U FA~TITEECERERAR TS H THD,
4. Bio-Rad Explorer 7% A& HW V=B REDOTIN  p. 12-14
4-1. W BRI ZE e N (K9 3 RFfH])
4-2. BASFHBAZIZ OV TORREEFEHE -1 H (50 47 x4=+)

5. A BWEIZ R EBROW see Piknak  p. 14-30

5-1. Ba 7+ LR O E T

5-2. DNA O##1E

5-3. BN RT v laR s #E

5-4. ##z DNA Bk

5-5. fill PRI R L R

5-6. Green Fluorescent Protein (GFP) &i%

5-7. 7Z7AIR pGLO Di#iE

5-8. 7V (Ampicillin) & 8 7% ~-1 (B lactamase)

5-9. pGLO 7"Z7AIR DNA BAKRIGEIZIITDZ 7 EOHE B

5-10. 7€ /=A% _ur L s R R

5-11. 7w E—XEF| BT 5

5-12. KIG#~DBE 8 A

5-13. #E B Wl 7 2 SEBRIC S ME I B L TR M
6. EBROUEfH  p. 30-36

6-1. FvhOlEA

6-2. #x B HEfR | 3K 7L — DO (i

6-3. FEERH O YEfE



7. BinFRIM R OPEERH)  p. 37-50

7-1.
7-2.
7-3.
7-4.
7-5.
7-6.
7=7.

FEBRBH AR DTS 1A

E T RS

FEBROBRA LB
FEERAEROELD
FLDODRA LR

FEBRAG A
FEBRAE T 142 D BEFEW AL PR

8. LD IR EALBI /I p. 51-52

9. ZEXE

9-1.
9-2.
9-3.

10. Z2E&E
10-1.

10-2.
10-3.
10-4.
10-5.
10-6.
10-7.

p. b3-bb
ES TN AVASY/N
K E S AR M R R

BE3H URL
p. 55-68
TIAIR pGLO O HES | EBIn DX/ T EBLY

pGLO 77 AIR DNA DR

TR ZE P E DR FNEZ DN T
Luria—Berterni (LB) 5z RS 77k
F—hIL—7 LIS OWRE F 1%

KA X DNA EBRIZBITHMEEEEE XL 78
FRIZHNDKIZONT



2. R FETIE
1HH

e
1. KEIZBITLERBTHE
2. BB AR % FEBROD FERE Sk
3. HHE H B s TR 2 TR FEHE D BLS
mEX s
O FEBRERIEDTY
OV EBREREOIEE A
[0“Bio—Rad Explorer Kits” 7S Z2h i A J7 1%
F=H:
1. KIGHE~D GFP {51 D8 A LT E i
[ SEBR B AR D HEi
WpAEURES

\V]

HH

A LT

1. IEESH T — 2D F LB LR

2. EBROUE(H F7 1k
CEBRIZ A BB 25 - 2 B D e
1% i - SRR D A
5B D Hefi

3. BEFEMILIR 5k
OfE A L7288 H - 7L — O

4. BIETHEREDFEN AL

2

1. 2§%@¢%®ﬁh
Ooo=—n#z2
CISRAMRIBSHZ XD GFP Bl
O=n=—4DHlE

2. 7Y ) —RAZLD GFP & fn R B ER

%




3. BIETIVT IV —HELHE B
3-1. BIGFIT 7V —HE W O T

BRTIT TV —HE LT, ERE G DTREICI0AEMRI IS T 2 BRSO ER AR T8 F
Thd, AL TNE LR DB T L5 T/ DRERE D AAFT 7 /ey —%, AR o
IR HEANT THD, BAS TR ERE T Lo EMB FOREIL, ZhbOR 22 DN %I
AR E OB ZAR 100 T OB AIC BT DRt S aai A ZRL, B DR
RAHTD) ROV T 7L —E L TRETHD, ZOIHNTBISFIT T —HE O EEIETAE #
FHESTNS,
OAMBHF~OBEEATTEE (74 - =5 F)
FEWD LITN0 TR EE A AUl BIR A,
QOmEREmBEHE
B PR DR NNV ER TSR EE
KED Advanced placement (AP), A ARDA—/R—H A2 A NA AT —)L (SSH) 72 & TiThi €
W5
@FEBE e - BT E
FEROMATT | Bl 71k, 7 — 2D R I570 8 O RN &7,
(P & S 2 2 TR LRI B b & 5, )
@ RBEAT
NAF T /ey —RB A6 F LN T 2B ERA b H. BOOE RN’ THL LD

773 —ZF (Science literacy, Gene literacy—Public understanding)

[E BB THE . DNA HE, AT /00 —HE AR AEE L, FCLORER THEDNDLIENL, AFTIE, fibh
TRV EMGEAERY T 7 —HEILEHHELHD,

EEB N

(1) Oto M, Ono M, Kamada H.: Gene literacy education in Japan. ~Fostering public understanding through practice of hands—on
laboratory activities in high schools~ Plant Biotechnology 23, 339-346 (2006)

(2) K& V77— L L CORIB T HEO A THE LKEICRT 280 AAAT7=v> 13, 27-35 (2005)

3-2. KENCBIT D AFEXEORE LB THE

BInFITI7V—HBEEEZD LT EMBT A AFT 7 /ey — el H] Th LT AV G RE
DIRMAEFNDEED DD, KIETIX, IS - PEZEIZ BT D EMEL T A AT /ey — D%
BIZEOWEE FIT 70— BT 103 3ST&E T, ZO/REREL T, EmBl 7o Btk
[T DS D FPRR  @E FR CRIESNDITND TR, TRV T 7V — L L TCORVPHE N T
RAFIZBVANLNTE 2, ZOIORBE T FONTZHIAEMBEEED K R ~D
HEFROMF I E - Fe T ~ DB L% @ O H1L7030 T | BAR T B - A A PEZE ~ D T R
(Public understanding) . i EERI 5 (Public engagement) &4 FEHAEER T 5, 2T, B<b
BIETFEHBICRAA COLKRE DRGNS NAFT 7 /0y —DRREZIUMED FHRBE I



BIAEN T BAR T 2808 OIE LA WkD THD,

3-2-1 Bn T Ly EArOMEA LEEZE DR

1970 AEARHIEED KA % DNA EERFEIF ORI N HIAEETOSA A Fffi O R A BRD THD,
D1970-1980 4EfXATH: (/—=2 2 *DNA 2 —27 3 7 DFR)

AR TR Z B2 P LT B B 1 LRSI L, Z2< OB T 7u—=rasnble
HIT, NAFFEZEA~OZADPBIES VAW RIAIDEAR TR HIF CAEES G, FT-,
BAG X E [ genetically modified (GM) crop] DAFZEMEE T~

@1980 HAR1% 1 (I —AbEis T OF|FHE PCR {EI28%5 DNA AT OFRY)
BB 0 T, PCR R° DNA v —27 xRl b Ui oIz X
Y DNA #7E  B1n 72 Wi - B in TR~ IS hE- T2,

31990 AL (M R[R EFLFER (High throughput : HT) {K 12 L A8 FERI AT D B
DNA v —27 o 7 HAIC I T B 2 B U 72 KB ) IFRRT HAT DS HENT L < D EWIZ B 1)
D7) 8T e VIR LT, 2, B B EMZ B U= O R LR ST,

@®2000~ (ome F7-I% omics DHF{L)

IT HANZAED T ST AL T 4~ T 47 ALV AR E OO AAE A~ 5D
FINZ o7, 2005 FOWMAT — 7 TP — DL, 77/ 5 DNA T I T MIfam T
R EX37= RNA 2K THHMT7 A7) 7 b—2A (transcriptome) O E BT INEL -, 512, 3§
BLT= R 2R ThHH T a7 4 — A (proteome) | Al NACH PEY) AR D AX R a— A
(metabolome) 72 & & HAFEANZIENT L TIRON TR 72T — 2 W TAMET AT LEL T X
LikIr (AT DAEW)TF) VR SIUIRD | BN O BB R E ST,

ZDXIT, 1970 LI, WSRO 7 ER O AW FEBZ T AR RO TS E TN TE,
DI EOBEITIESL, 1980 FERIVKEEFFRICB T DB FHE OBV A 08
0 EWTFOHLNE Z T 2 EROHPITIRIAS D EWOBEDED B3 ->T, ZOHEFOHE RIS
1L, REF R EROBENIEOCKE 2D TIRIOBER R’H -7,

3-2-2 KEBEHAK TOBG T HE OB A

D1980 4E~ : ZEAL DAY S L Tt B TONAF FEE O AN IR SE %

BRIV F 2T ADEYFZ LR TONRAAT I /a— DM ZH DX vy 7 DIFAEE R
BRNECE-TET, EmBlra BiE T A — b AE2D A )

ETDONIKTH T (VTTL—) ELTDOARNA T /0P —HE /& InTFEE DL
Mo Xy T WD LIO DAV 2T LEANEAI LT DMEIED DT NV =T o8N AF pEHE



D338 R LT sk D SR BB O D EOAR BN A LT,

1985 25 KEEMIEHA LB BRI L DR AV F 2T LORIE

KETIE, BB ENEFRBREZR AL TR TN —=0 V22 TN 2 % 8D, 2D
O —= 7 O HC Stanford Univ.72E Tl BB E DB BN —=2 7 B hFE-7-,
FIC, B O advanced placement (AP) 7 a7 MIB G E DB A LS,
ZORN—=2 T OHRT, @i - KFHE EHU A3 L O A8 (PEF LR OBGE) 258 7T,
KPWFGEER LI L DB D EEZ OO R FOH T, MIKBEDRN —= 7122,
BHEDOWH B AHNT,

31980 A1 B 2T LBHFE
INAFFATOF R EERT-HE L, EMEHEOIR B LEZIUTIESSAF HEIFOHEE X EHO
fifi ) LV FRER DS LB FEE DBV 2T LIS UE OB MRS UG D T2,

@1990 4F: EFpa 3 Lol s T 2E OHEE

HID“DNA SCIENCE”#H B EDMERR STz, FTo, BEMEDPHEDPD LI TOAEM EHWZHEH
HOFHH 2 DNA 28813, AFZE B WICHESINIZ NIH T AR T AL LIRBHR CTHH ORI T, E
BB s BB SN

®1995 4=

DNA SCIENCE 7%3”National Science Education Standards” (Z &

Z @ Standard 1%, H ARDOFFEFEEE BV T ART AL ThHD, ZOT=0EEILZD Standard 5%

EURR & B 2 BRI B O EZ RBAL T D,

TR FBREDP SIS Tz, DNA iR E D FEE B EVIAFIL CDE, AP 7

17T LD T F AR EG D,

Bio—Rad laboratories t1:23& {5+ 2B 2084 %~ 1 Biotechnology Explorer system‘ (Stanford Univ.

LA BAE) BT L B DI FEBA 4R, (ZIK%E’J@E&F:E ¥ 1997 HELLRE)
ZOIDITKETOBRGFHBORRBRIIL, @ (BEEE) . K, EELOBEENTELHE

DT, ZOT2 | ERAL \_xﬂ‘j_éj(%‘ﬁ¥f“@$§/? IHHMEZ 07T ZbITHI TS,

3-2-3 KREDBIEFHE O AR FdH) F
(DBay area biotechnology education consortium (BABEC) :http://www.babec.org/
YT T AAE DO R AR @ ETRONEEE | B mRAENTY — 7 ay T Ef,




,N,L A Bay Area Biotechnology Education Consortium

Navigaton BABEG Js honiored to be named as
ot ot 2014

(@University of lllinois College of Medicine at Rockford

Thermo Fisher Scientific #f: (IF : Pierce Biotechnology) & :[FCHEAD AL H—1 T Tl
L7 1992 £V FEHL TS, BIRBAFIHL T, @SB R AREIC T, o RFPAITARZEIS
TALZ = ELTHIRICIERE TS, 3 » HIROIRRZFEEB D FEEL T BEHHERETD,

T—lE, B REWIRET —~ DB D, B, 7O - B GOW R
FHIRT 3 r H TEMTEDNE THD, M TONFETHLI0D | AL, AF7EDHH
PE(10%)  FEBRINA OB LR O 2 B IERLA RO RE (50%) . 7VE T —afe /] (40%) T
0%, FHEEIT RKFHUE ., REIIEERENHEE T2,

Thermo Fisher Scientific
and th

University of lilinois College
of Medicin

At Rockford

2014
SUMMER
Meet Our
SCIENCE FORUM 2014
SUMMER SCIENCE
INTERNS

Sponsored by

Thermo Fisher Scientific, Inc.

and the

Chig i BRESKFE-BX
at Rockford
REE=>HFE
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3-3. KEDOBELTFHBEHAHS “Bio—Rad Explorer program”

BB EEMT D5, BB IIRE AL, TRV ERE T, Z<OBITF#
BEM BTSN TND, ZOF T, ZLOFFEEL LRV =7 &b DM 53, "Bio—Rad
Explorer program (IH : Biotechnology Explorer program)” (Bio—Rad laboratories #E5Lf5h) TH A,
ZOF NI, S FEMFNRICEAD <O ERFE (K D) AEER T, IKLRSNIAERNRT
b%, ZOHMIL, Stanford RFEDOEIRHABBABT T 0T T LSBT, TRIKHAR TH-TZ
Bio—Rad laboratories ® Ron Mardigian Fe23 Bk L L7270/ T LTS, W<O0O B Ik E O
advanced placement (AP)7' 12T AIHIEL TS, oM, AT 2R B BaaTEnn T
72, BEERITEEL COBIF 2T LEHERO A~ =27 /0 B RO #0H [
BREENLTND,

“Bio—Rad Explorer ™ program”
TEE A GBS T/ % 586R) . pGLO™ Bacterial Transformation kit
FEIRH B OFE R GBRIZFHHHL 2 FEBR) © Green Fluorescent Protein Chromatography kit
ra—="7 (§1#iz DNA ZEER) : Secrets of the Rainforest kit
Ja—=7)% DNA > —2 3% : Cloning and Sequencing Explorer Series
BEAKENZ L% DNA f#AT : Lamda DNA kits
PCR: Real-Time PCR kit
DNA ##7€: Forensic DNA Fingerprinting kit
PCR & DNA #7E: PV92 PCR Informtics kit, Crime Scene Investigator PCR Basics ™ kit
7V A: Size Exclusion Chromatography
BB SRRT (B2 5D 5E ) : Got Protein?™ kit
o E AT (BRIKE), VoA T a7 427 : Comparative Proteomics kit I, 11
v /2 DNA fliHi: Genes in a Bottle™ kit
2 k5 ELISA Immuno Explorer™ kit
BinHHHZ /EY (GMO) : GMO investigator ™ kit
AWt 3% - Microbe and health Kkit,
1% 5% 5254 : Biofuel Enzyme kit
Rt oM : C. elegance behavior kit CEEND A3 72) ]
[Jt& A% : Photosynthesis and Cellular Respiratory kit CEEND A FE7E) ]

TRy MEGORE, FENBIMENSZ L0305,

Bio—Rad Explorer URL: http://explorer.bio—rad.com

11



(a5770-=7)

Genes in 2 Bottle Kit Cloning and Sequencing Explorer Serigs
Secrets of the Ramforest kat

LEEFHA (RRER) |

DA Fingerprinting kit - .
PVO2 PCR | Informatics kit pGLO™  Bactenial Transformation kit

Crime Scene vestigator PCR. Basies ™ kit
GMO fvestigator ™ kit

Lamibda DNA kit [i!{ﬁ?ﬁiﬁﬁ:ﬂ \OH ]

Green Fluorescent Protein Chromatography Kit
EMAVE- S Ti)

i 7T ==
Got Protein ™ kit . STE M;ﬁ 5
Comparative Proteonucs kit L I
ELISA Inmmano Explorer™ kit IDEA Kie L
Size Exclusion Chromatography kit STEM Electrophoresis Kit

1 BI5F LB T 2480y hoOALE T
B MBS T LT 20 T A F R (R TR DI SN TS,

STEM: Science, Technology, Engineering & Mathematics (B, T.2%, $4f7, $05%)

BT HEX VN ZOEEEMNTHIET, EENETED, LHL, ZOFvMNIKED
AP 7l T LRI FISILTWDT20 | O NE 728 A RO EICZ DRV AL H D,
AARCTHHT2EE, BE B S DHAX VN EICE T 2LI2F Y O EREZ T IAT LEED DD,

TRUICEBTHE RSy N HWDGE DA 261 ThD,
1. BRI - 2R EN B EN TN D,
BGIBETEE TED,
3. BB OFIEEE AT B2 TH D,
4. FH A A HICHRETED,
AAHE ClX. Bio—Rad Explorer “pGLO™ Bacterial Transformation kit”% V7= & s
BAFEBRAATH, DL FA~TIHIZIE, BV N EROT & 5| EERER, 28R
15 BRI Z TR T,

\V]

4. Bio—Rad Explorer & e U= 328 1 2 0 Y
“pGLO™ Bacterial Transformation kit” (pGLO Z7FU 7 Ein Lz o) 2 HW-ZE A
MBS TR Z RO NEZ L LD THD,
pGLO 7T U7 i s T-H#a % %~k :BioRad Explorer Kit 1 (#4122 No.166-0003JEDU)
#3% : Bio-Rad laboratories http://www.bio-rad.com, B ARTOIRTE: /A4 TR FRTR—R (F) 2

12



E LEFETpGLO AT VT BB T T M TR STV AR B S EFEH L T D, UL, [JfED
FIAEII T HAKEESNAZENH A0, v MEAREOL O THER T3,
1 2: A4 IE. BARAAF TR TRTN—X (BR) (2007 4 5 4 F£T)

4-1. BB AR S Y (R 3 IRE[H])

FEEBIATT 4 FIZFREE - g8 R OMEFRO NN A~ =27 LV SRLE T OMER &7,
e~ =aT L

D FHE DFRAIE - 25 HL (i

VB - 2 B— T | FEBRBIAAET O UE (i —

ERTV—IOER (GEA) | AZ—F—7L— O (i - A IKFH Y

Q{5 T-HAM SR - BRI - BE RSOV TR - EBROR A L MR

LR NS CL e ik

ZOF Y AT DICH 7> TORA R

EEA~=a T VORMBEEE 2 (e )

S R ERBMEM B HAT /A0 AR |2 EFTe L ERO AN HIZIED 2,

RN A AT 7/ aP—OREL B: 20Xy MIH T2 FEEOMEHL. C: /1AM 0 5k
L FFE. D HBLFHET, E: 22 30K, F: 20F B B 2 FZBRERI 31T D1 EFIH
AEH~=a7 )l

Lesson Z & - AE 7 15 #HE RIE CRERLS LTV D,

Lesson 1 Ef&THHHLZIZOWT, &

Lesson 2 JEfxfE AFEHR, HERH

Lesson 3 7 —ZDINEEL /34T, E M

=
Lesson 4 #%%

4-2. AR THABZ IOV T D FEH - 1 (50 4y x4=~)
FaAvIZBITHEMNEDOE & RT,

1=2< H (Lesson 1) : i@ a2 (2 OWT Glak)

TRED 5 HHEZREVIAAT T,

FAHLZ DNA EBREJFHE (15 £ - 72 —)

KLz DNA EBROBLAI (F2BR=E - A H1E)
FBROKE R 1k

BIn T RBE B ITVRS < (DNASRNA>Z L B IS
BRI O (T o' —4  FEEH)

©® 00

13



22~ H (Lesson 2) : i fs 735 A EER (52H)
pGLO IZRA B Haf - B33 5179,

32~ H (Lesson 3) : 7 — X DL L4 (HE)
an=—OF M, BRI E FEBEREI O AEE 25, GENMERHT)

42~ H (Lesson 4) : %2 (J#E)
fiti R L D L &b I E s R W E LR 972, (E&=2HT)
22TV IEERR ) - 19238 ) - THCH ) &0,
i RAENDO—TTBITHR LR
FE S AEDRRICIVAEERFEIN LU EBRICERL THHRE
TR e B LEFENT A ATy 2 a URIT AN 8 1% 2

5. EBROWE 5L T ik
5-1. Bn LEEEHOAMET

ZhEFbhdin 7+ L, TR B LIZOTHAI0?
A B G OMIIT, 20 HEACHT TIHIIE /1L~ TIT 20 KA - M oD Yl 8070 28 s
BREDFIELI AL, ZD%, MILN THREZ 7oL QDXL RV (R RVEY,
FEIE) RS R 2B e ST MIBINICAATE T 242 0 7 B OREEIL, T2 0
B7E2< I 20 FHHDO T /BRI KB HEL TR E A TR T D728 ZoXIE Ot
X, WD 7=, Tz, XXV EOFIEIC L > T, FEEND 7B B (R R 7
DLHHT=, DT Zo ™ BRERO T O TidZe, DNAZTVHL, #> "7 EOEH%E
FFOBIB TAIRIT T 2503 B EE 2 DIV, AR THBZ HA BRI 72 1970 R D,
V2V IS S IIN @“%:n_{a%@ F IR = TSR ANTAT IR DD XI5 T, £ D% DNA
FRHTHATCHERR OEAR I ZH BT DL, 2O AW NS Ol s 2% & T/ 4 DNA ¥R Y%
ﬂ%m?‘éﬁ%(/f/A7n~/I7H7§> F NEHRCHLHER T AR R DIENTELIOIT
STE(X2),

ZDINT, BB T TRIE BEREA R DX L /XY fRMT DTl (221 1) L TH L /7 E O
ELOBG T E/a—=0 T BLOWNTICE MR L 72, —J7, DNA fEATHANIE, RIS BIfR L7
{61 DI F - ZTFNTIZ L DB T2 W° DNA L SIATAE T DIV IK UBLH DD I AL
ERLINALRYT DNA it 2R L7 IB R A B D N E 72 &2 D F ik B IR FE AR5y
FHIFIHSIL TV D,

14



bt EOREIZE 40
R EEZSAETL TR A N BT (BB L)
ér%@wﬁﬁﬁﬁ#ﬁti@%ﬁ: 1950-604F 1%

N\

AT (MR LY

AU OB DEREEOEETFORN GBETFTE)
FIL—DToo09  TORIVIERELTOD B
1980}9[@1%

B2 IDE DBRIERN (TOTA— L 221 ERRH)
le}’i‘ﬁ”'laaﬁ*ﬁﬁfﬁﬁﬁﬁﬁ 20004 ~

SR - 4 DA (DT — L S 2T L LT HER)
FOBIL DT O HIHEERRAT ~

X2 AmMmEEOIESE LT L FRONMER T
EERFEIX. iR E RAFERINS, 0L LA~ EBAT LT, ZU VB DREEETHARDZENS TG 7 LRI A R0
sa—=27 DNA L —2rx vy BITE, i — o s o THEATRoA AT Z I L0 R TS D T R N

T DOIKRI2T —H_R— AL SEMIE 2R E L AT LEL TR A DT HA~EA TS,

BAR T LFRERIL, FEDOBIR F/r— 25085 T/e—=7  fGohi-re— At
(5T EM ORI T B TEA, BICE s T O R SRR DNA O ELECY 2R 58
BT SS (K3) . ZNHDEBRDIE | Wb S s 1R % FEBR (R 2. DNA S25k) LI
IZNHLOE, Blaf/u—= 7 b NIBIn 8 AR THD,

Bio-Rad Explorer &> hTlX, AV 7T 7 & £b 8 2 7374 (green fluorescent
protein: GFP) D&% KIGHE O 7 0T —ZElFzh D7 Z — (T A ATZ R 2. DNA 43+
ERGEICEALUKGEE R EERRT 5, 2O, BRI EMEZMZ 528 TIO K
B NC GEP 23 BLL T2 Z LA 4RAMIRSTIC 1D GFP OHIC KRR 32,

ZOF N WA E T, B s TS RO BRI 1k Eia i3 B0 & FY
Tl xR (2 ha— L FEER) LI BRI LA FEEROFE BRI 515, Bis TR N
R FBFREH O A7 EEE R RSN TES,

15



BEFr/A—=27
EIEFZ51475')—(cDNA library) M &
DAY SR EEEFNI/O—L

4 4

BIZFEA

$IJoo—=24

B FHIR

A 11

FIRER A
SHIBA NIEDFES
B FAENT B EEL |- EE/ SR
DNA/RNA# i —PCRIEIE—E KUK ENR 4T
=0Ty

X3 BnF THERO2KEG

Bin T LR, BinFrr—=07 MlNA~OBIR FEA LRI FREL, BIs TS0 b5,

5-2. DNA D

DNA &, TAF VR —REVIPECT T =0 (A) 77 =2 (G) . v (C) L FI(T) &)
AFERED F RS FL NV AR FE B LT XL A F R U = AT IVAE B LTZ @4y T T D,
ZDATEE DY OB H B IEARTERZ 2> TS, ZOT- D RO 7 (M FERCA) A8 s
BT ELH D,

T RERE XX LA T RO IR UAES (K4) THDHT-0 | BT IR G2 L2 B 2L
AT LTRSS D, 2EOEADERICE 2o T, GEC OKFEHAEI D), ALT
OKFEFED 2 DD Mo ThEART D, ZDO7OKEFEANIADHD GC DEEIT DNA D%
EALIZ T G LTWD, £, VAR KRBT T AT AT v — V2 m N C05H72D  DNA %
IR TBERIE, BRIKENC LD B IEN A TH D,
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5' R

U B
DB

SN
| N/L OH H
3K

P
F’=°
? o]

EO-\l AODEE) XOUVFFR
C
Eis T\/(T)

3 'K

DNA®D &/NEfiL
1 bp (EHExT)

4 DNA O
DNAIZIE, BHIZE FD C(JRFE) OFBILOF AT B TND, 2T, VU BRBFEE L TWA 5 JFaE OH A FIET 53’
F T 5, £, DNA DF/NXZLAF REATE 1 base pair (bp: HEH%DEV 1 2 nm TR E23 0.3 nm THA,

5-3. BV F TR < laRu

EARIE I, DNA 255 RNA | _iz:%ué;h B RENCHIRRS VD, ZOWIuIL by A L A%
FREETOEWIZIBTHD, ZOWMIITH > T, BIRGRITHEIEEZD DX 7 E ~HEN T
TESN TV (K5),
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= 5 AT GACGGAAT AT AAGCT GGT GGT GGT GEEOGOCGT CGGT
|ﬁ #& DNA 4 TACTGOCTTAT ATT CGACCACCACCACCOGOGGCAGOCA

:I - =
‘ EE%— (transcription)
AUGACGGAAUAUAAGCUGGUGGU

RNA * - ¥
‘ ﬁquR (translation)

Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Val Gly

\

ﬂt\'

BNDE

X5 B IINVRT <

DNA _EiZ#i> TOBEEIFHRIE, RNA KU AT —BI2ED RNA ITERTEE D, 22T RNA B EERERI D 7728, T O
12730 (U) 65T D, RNA 23BURY — 5 B CRIERAM T T U BANERS L CHL I BERMEBID, 7pds, 230 BIT

TR EIe ST G 5y 1 CHT VT E N (T — VT T EN) LIRS A TR T,

FIEE EoIRE BERE
U C A G

Phe Ser Tyr Cys U

U Phe Ser Tyr Cys C
Leu Ser stop stop A

Leu Ser stop Trp G

Leu Pro His Arg U

C Leu Pro His Arg C
Leu Pro Gin Arg A

Leu Pro Gin Arg G

lle Thr Asn Ser U

A lle Thr Asn Ser C
lle Thr Lys Arg A

Met Thr Lys Arg G

Val Ala Asp Gly U

G Val Ala Asp Gly C
Val Ala Glu Gly A

Val Ala Glu Gly G

#1 alkr&

DNA O EELS] (A, G, C, T I 3 A 1 AL (RY) LLTRNA ICIREIN %, 7I/BICHREND, aR-RIL,
DG SIRFHEE THD, (AR FTIE, RNA TERLTWAEOHEEIZAGCU TREN TV, ) ZOaRr#i, EAMICITA
TOEYIH LI THD,
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5-4. BsfHEH 2 FEBR GRHHA X DNA F28R)

HI2DEM A D DNA 277 AIR DNA 728 D7 2 —DNA IZHE A S 7= THL 2. DNA 53 1+
RSB AT DZE TR E P MA DA EEND, ZOXIIZHE#EEZ DNA 43
T 1 & T e A AR 2 VR - 5 928 A T s TR 2R &), ZSCRIBEA VW
EBRAEZ THD, 1. cDNATAT TV —Dra—r 78 BB DNA ZHIFREES I T 4, —
T TAIRIRE D72 —DNA bR Ul FREESR THIRTL7-1% ., B DNA &% —DNA ZiEfh
%58 (DNA VA — ) IZCHfET 5, 205 T HAHLZ DNA 4311 &), ZORAHLZ DNA 431-%
8 FMfe (2 TIIRGED IZBE AT 22T, T##iz DNA 73126 DRI T& D, N7 —
DNA D7 vE—XFEIRO FItiZa R O RS A S8 T HIEE T2 A ATe | 15 E/
R N E A RGRE AW CEASN - BASTE RICIE ST 2 7 T E R ERR S5, £
DGR MIAN TH IS G RS2 R0 E R Z 52 RV E) IC KO RGO E 3 AT
LI EERHE ), (ZZCTRIGHEITHE MR ThH D72 Tl (F 1K) ={E k) Th s, )

FlZ 2 CHltfn iz SRR CEDMMET, 2 TOEMITEWTERIR I 4 FEOE L
FFO DNA CTHESILTRY, ARSI E T/ BROFEEDO MR (2R3 b AW FEA 8 2 THAR
FIZIX, B THHZEILLD,

B BT R AL E BUDNA (cDNA)
————— ——
SO } mmmn

7"|:ht_—’51—\A § BIRBEEE T

l ' l DNAUH—+ (E#EER)

12k B8t RS
L)
=g

528 {KDNA (BEXKRIFE~NDODNADEA)

S

#A#Z DNASF

X6 KIFEZTE EELT-##x DNA F5k

~7 % —DNA(BIEFDEPNE) ELTFFAIN DNA &, 5 EEL TRIBEE WG E LR LTV D,
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5-5. fill BRRESE LRGSR

il B A 3R

DNA Z W9 5% 3% (DNA 53 fil#38 : DNase) (Zi3, DNA SO 2§ 2= X717
—1t (endonuclease) & DNA $HOKENHEIWT 5% /X717 —+E (exonuclease) 7385, =
YRXILT—EDIG | RE O IR A TR L . O A R AU DR A ) (R EE SR
(restriction endonuclease) &) (B17), HIFREEZR 1T, BI/EETIZ 1,000 FFHLL B3RO B,
100 FEEHLA B A—T =B i ST,

5GIAATTC3
EcoRI . ,
(Escherichia coli) FCTTAAGS
BamHI 5GIGATCCYJ
(Bacillus amylolique faciens) FCCTAGIGY
Alul 55AGCT3
(Arthrobacter luteus) ITCGAS
Not | 55GCGGCCGC3T
(Nocardia otitidis-caviarum) 3CG GY%

5GIGTNACC?3

st Bl FCCTNTGES5'

(Bacillus stearothermophilus ET

Pst | 5S5CTGCAG3J
(Providencia stuertii) IGACGTCYS

7 I PREE SR

PR SR IE, 4 HEEERE . 6 MR, 8 MR & (4 RN B D, (THVE

BRSO RU > R — A palindrome) &4 Ffo T W iy 1T, ZORERBMETET AN D4 BT RL T2,
FER DL AL, JBA BL OIS DEAID 2 LF5 A2 )y 7R TRU, 1 HHHOE T 2 FREL EORIREERENFET DT 1
—~BFEFTRRT 2,

FU L, 57 E L AN ZE L COD T E ARG (cohesive end) AT EIMTSALL AN (blant end) 2392,
U N — D 2 LB BUSI AR Ol REEE D D,

L SR

2 RDF/27% DNA $500 3'-OH & 5’ -D AR LA | IRARY ZAT VS S CTHEAESE S, Wbl
DOEEN T HIEFEEZ DNAUA —E (DNA ligase: HfERESR) L) (K8), LAV BILS DNAY A
—BIZIE, KIFE DNA U4 —E TADNA YA —ERb D, RiE 1L, 35 KR EO#AE 2L,
BHE IR EREOERED TED, TNHLORERLE A== DT RSN TND,
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5 G AATTC3Z 5GAATTC3
3'C

TTAA  + cs' 3CTTAAGS
5'AG cT3 5AGCT3
3TC + GAS > 3TCGAS
5Kl
3 ] o
.o 6% (am)
T @ o
HIRRER Nt
H 2 : OH H
_H P H ! < IR +
75 @ ,
Oc HEERR M
5 “op-o
Hom 1 ATP o (a2)
IR Mg?* s v
OH H
+H0 IR

B8 HLE SR SO

EAGRER L, RS AR, SER AR T bR T AL TE D, LKKHVONDEAEERIC K EH K DNA VA —E 035758,
S A DR SN ITAR Y, — 7. T4 DNA VA —B L, R RIMOERE IS b R LB IRITENTED, 2k, ZOK
IFT RN =L DD ATP BB THD,

5-6. Green Fluorescent Protein (GFP) V1%

GFP 1%, BIeA D255 (Aequorea victoria) W2 (I9A) \ZE ENDREGEIEH L B TH
Do AV TN TT A MAR RN TN BHY | ZOMBEFIZA 7AYo & GFP D 2 D
DFNGTFDBFEE L THFEL T0D, AN DRIESZ T 756 A7 A VAN D DES
L. TRAF =N ERESND, TOT X =N GFPICZ TSN TR a5, —J7,
HEESIT GFP IZT L X — D@ W EESMRA U L7356 T GFP I, LA 595, ZIUTEE
SERE Y THERUIR SN DT HLF — DAL L T VDL DT RVFX —Z WL
HI 5720 ThD, HIT, EOITRR LI L0 =L F— DRV (RIEER) &2 (149
B), GFP I, 27kDa (43 1-8:27000) DELIR DX G 2R L QD3 2D T BRI %
L T5 (9C, BR<BZE>S M),

H1:GFP OFRHFE THD FTAMEIHELIL, Tkt ey 08 (GFP) OFRLHFE I T ~—T - Fx 74— 1y

Y T ELBIT 2008 RIS — U EEEEZE L TS,

V£ 2: AU IT 7 D4, Aequorea aequorea F1-1X Aequorea forskalea, Aequorea Victoria (AL BIHER D/ —
N—B AR | Aequorea coerulescence (B ANTHHZAR)

13:E=Nhe/ A : TRAF =3 OW RS T D, DFEVEEIMED LI 22 RO (FEFRD) DT F— 1w 77
IBRO IS 72RO R\ (REFROD) D=/ F —F{EL,

E: /¥ —_ 1 :EE (nm) . N: 7RARE$ (6.02x1023) , h: 7727 E$ (1.58x10-37 kcal/mol) . c: Yk (3x108 m/s)
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A A
I
2| = ~~a
L I
é A
all > =
.| %
~N
o A/\H
EZ8

X9 @A 08 GFP ORI M
A: AT U5 B EANERR R LY . C: GFPON A A§1E (37 I/ TR AR AL T\, )

5-7. 7FA3F pGLO D

TFAIR pGLO X, AT 7T KD GFP BIR 1720 NN~ —h —# 5 &L THiA
WET VB RT DI (B 774 ~—8) DRI T (Bla) %5 Lo AL 5371 bp 77
ZIR DNA(fﬂ?ﬁ&z DNA %37) TH% (X10) , ZOTZAIR DNA (21, HIZ GFP #is D% 8L
FEIZATHDIT, TIE ) —AA_ar O 7 mE—4 (Pab) BLFII LN Prap (25 A LR B!
Kfa'gﬁﬁ‘é&‘/ﬂ?%f(ma C) DEInT Ara CHEENTND, ZOTTAIN DNA BB ASNT-
KIGEZE, ToE )2 G i 2 52 LI E0RINICAE B SELZENTED,

HE:

TaE—4 L3, RNA RYAT—E RS THRSOZ L TH D,

B 72 %~—¥ (B lactamase, Beta lactamase) &, 73V F—+E (ampicillinase) LW I Z b5,
B0 B~—BDWEEF (Bla) &7 BV MG F D2 Eb D,

ori &iF, RIFHEHN THE CELERBIA N THD,

TFAIR pGLO DA ILRSIL, ZE GRS

7B, BIEFERCTTHTSS . AT TERRT 2.

GFP: GFP(#>/7'E) GFP. GFP &{5+.ara C: ara C ZL XV ara: ara C X0 EDE LT
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R\ EB R F(araC)

FUEL YL RET
(B54%<—+ (beta lactamase) DiBIEF)

10 pGLO™ZZAIK DNA Ok (& : il BRI R HiX)
p:plasmid, G:GFP, L: 8 Lactamase, O: ori
[E:pGLO DFEE B =T —a A —H LT pglow (B —2mw) LFEE . 2 (glow) 5o OB OBYR T 2RO T TAIN O Fk:

Ron Mardigian (Bio-Rad laboratories)fi 4 . ¥ ZEBLFI70& OFEMIL, KR <28 > 250k

5-8. 7 ¥V (Ampicillin) & 8 7% ~—1 (5 Lactamase, Beta—lactamase)

T UL AIN=UN U ROPUEME T B 77X MG LIEN DA B BREFF OIS BT
B EZHUEME EMFEIN TN, T AT, NI T T HIBAEED R T TFR 7Y 7 RGO G AL
FETHIETAITITOAEBEET D, 7ToE I T ONARIERE T, XTFR7VAE
HAHTHELD D-7T7=L-D-7 7= DNAREEIC B TWD (K1), 207D D-T7=/1
D-TIT=UANNEHLART F RV G RRICE 5T N7 ART F 2 —EREEE ThHH T B
SV ERR T HZET, MRED LG D BHE I LD, D78 B O BE M 5y S L1 55<
720 EEI ORRE 73 O 2T Z HAVe<IROERE L IR 5, —F . T eV I iR
BB ChD B774~—BIX, Toe VD BT 752 bEEEZ KT HETT eV ik
S5 (X12), HEEIE 757 T AR 7 — CHLA A E s 1T && XU ¥—DNA (T
BTUH~—BBIGFINEGENTNDE, TUE LV AFIE FCRELZE S, 77 A3IF DNA AN
ASNTRTTVTREFTE OHTIENTEDL, ZOIHNT BV MR R T (Bla E7-
1X amp) ELFETIND B T4~ —BBIGFIT, S A EROEIR~ — I —L L TRIHE
TWD, RFEBRD pGLO T TAINIZY B 774~ —BRBIZ TG TS,
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D-alanyl-D-alanine

N
\
H 0
0 Hic' H N CHs
N CH3
NH2 s H
N
O H H L
Ampicillin

11 D-7I=L-D-TI=2 TSV D4y RS

B35 oa<v—tE{FRE

l COOH
% . Gk

N CHs
@ Uiy
T\
3399 L0858

12 7o ooy fEiE B 70X Ik
E:TUELVATT U E VYT MY AOBRREL THIRS N TRY | EEH CENRFT D, T E LV ATBUIT VO ThE
HIFHHCITA — oL — T LI IR EE A R 3o THOBIINT %, Fio, B OBELICT P E LV AIRZE THY | K5l
ZARRL%RIET 1 B METDEEIETHIEN DD, 07D T eI 2 E MR T 256813, 2~4C
PRELIIEI L,

5-9. pGLO 7*ZAIK DNA A RAFE (K12 . HB10D) (23513 DX 7 B D35

AFEERTIEL, pGLO 7' Z7AIN DNA(X6) %, B in FHE# 2 TR TILS AW B TWD K
K12 #kD> 1 > Th2 HB101 (TEALBEHA# (transformation) 2362729, GFP #R & 5&Te
pGLO 7'JAIRZ KIGE I E AU E A L 7-56 . GFP £ C72< Beta-lactamase ( f 774
v —B) XTI =R —HEE X S TELRBSND (K13) , FEERHL 72 KIGE T,
Beta—lactamase NIEEL CWB7=OIZT U)o A a e ChA T T&5, £/~ GFP O,
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I, IS T I ) — ANFELE T ANE N> TREI SIS, TI8 ) —ARTEELR WA,
GFP B D HEAENITFETDICHLEOL T, BEIILRV, WU, TMEHRBHHIZH)
MO BEREIZIIRE o7 | V)2 TH D,

KBEIVINVE
y ’/ “ara C” JOE—AHEE AV INVE

/ e
K—.\

@ AT

O b .
» GFPA/I\YE

H
Beta—lactamase 2> /\J'&

r.

(R

P—— Green fluorescent protein S
IITHEDEILIVINVEDELT

“bla*  Beta—lactamase=Ampicillinase=7 > EL )
SREROBEET-TUELUVEET U

sarac GFPRIRFAF 2 /U E “araC” BIZF
=758 /—RAT7OFE—4%(PerD) S Q
AN EDEIEF

13 pGLO 7*Z7AIN DNA ARG TOH 7B
KIBEARPIZIZS /L DNA IZE ENAEE TSRS L BI04, AL pGLO 7T A3IK DNA (28 N5l

FBFIESNI L S TERFAET B

5-10. KIGW T I /) —AA4~a L fs 1S B

T =R RHRICBIADER OB T Z B 0T I8 ) —AF N mUAlid, R OB
- Cd% araB (L-ribulose kinase DiEfs1-), araA (L-arabinose isomerase D&fn), araD
(L-ribulose 5-phosphate isomerase DIEIL 1) BILONT TE—XELF|THD Pyrp DMFAET D, (K1
0), ZID 3FREHDBIAFRRB T HILTT I8/ — A&~ b — R FRRR I 1A AR
HIENTED,
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L-ribulose kinase (araB)
L-arabinose —L-ribulose— L-ribulose 5 phosphate — D-xyulose-5 phosphate

L-arabinose isomerase (araA) L-ribulose 5-phosphate isomerase (araD)

TIE )= AAurd FEFREIL, #2378 AraC TITOIV TS, B 7 78 )/ — A7
FEL72EX | AraC 1 PBAD DTS A L RNA RY AT — BN 7T 0 —HE S ~DFEES 28T T
WA (BDOHIE) . LN T T8 ) —A(FLE T T, AraC DOSLEHEENE 95281250 Peab 238
L. PBAD |Z RNA ARY AT —ENFER T 52 & TSR 7035882 QEOHIE) , 2o ko7t
RN XD AraC Z 2R VBN, araB, araA, araD W OSBRI DR BRAFEL TD (K14),

PBAD

— I araB |—| araA |—| araD I—

£ 0% ‘; Ol gy I pry I sy I

L-arabinose
(FoE—4EF)

—&‘ araB |—| araA |—| araD I—

IEG)*'”H Q RNA polymerase (RNA &%)

araB araA araD

M14 7IE ) —AF o LiEis T3 B

7" AIR pGLO Tl, araB, araA, araD DOV, AT 777D GFP & in D3 HAIA FIT
Wh, ZDHT T8 ) —AF~_ar TORBFEFEC GFP O3 HIL, AraC L /7' FI2 7
)= ANFERTHZEICEVITHI TS, pGLO FFAIR DNA ICXEE RS- KIGEIE.
FHIZ T8 ) — A N2 50N K GFP OR BRI+ 528N T&5 (K15),
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L-arabinose

—@_ IIGFPII
L0

(FnE—4E3)

PBAD 1
0S 1
O RNA polymerase (RNA &miEss)

—p

15 pGLO FZA3IF DNA IZBITAHT I /—RAIZLD GFP Eix - I B

5-11. 72 E—XEHILE R T3

YRR LT a T —HES OB S TIE R R o TV D, EERTCIE, KIBE Ot —4fid
5| PBAD &5 40/ T AIR R X THAIA TS GFP BAG T2 WD, LInL, ZOTTAIRNE
RO E MR8 AL TR HIIC T I8 ) — A& N2 T GEP IR BLLZ2W, Zhud, EFE
T EIZ RNA RYAT—BH B 7 aE— 2R HG B DT T D, 20728 KiGE 7wt —ZHd
H b D72 —THIMA AT GEP AR F1E, KIGE DA THRELTES, — 7 ML TH )
27— HEEEY DR H— T AIA AT GFP 1816 113, AR oD A TH BT 5, Ehii
faCHRERCH D (K16),
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Ml T 0E—4ESI

— [ _cFrig=+ |

YT 0E—4E 5|

/ VN / VN
s
#RET ERET

l ERES zRET 1
% ABETOE—5ES

GFPAV I8 GFPEv /&

PN

xBE
% KELT KEET

GFPEVINVE

16 AWt oe—X
RNA RUAT—EREEGT 57 0 —FESIT & TOAYILAETIIR, T2, EWFEICIVEEL a7 e —X Y RH D, 20
TOBG TN EASETZE | B CIEEED O 7 BT — 2372 FULBE TIEFBLR N,

5-12. KIGHE~DEE T8N

KRG B I S L OIIEE 2 B 1l H . 77 AIR DNA OXH7e K& TIIE RN
BiADH7RN, KIGEZ 50 mM 0 CaClz 52 LIC I T TAINZ IV IA L2 (=22
B MAE s competent cell) ZFH8I A2 LN TXS,

ZDIHpa e T U MIlaE 7T AIR DNA ZIEG T 5&, 7*7AIN DNA (=27 U Millfu
I LTt | KIBGE O FICEIAEND, EBRICEEL TiL, 42°C TORLIR A IR 3 2
IRHZ L CHEDIREMENEDVE A EEHITHZ LN TED, [pGLO NITVT s 1A% ¥
v NZE END B i FEERR A3, 150 mM CaClz Vi) TH5 (K17).,

1 2fli T D Ca¥ A AU NIV T TAIR DNA D~ A F AEM B SND LRI~ A F AE M2 DI R A H O SFE DR

ML TAIR DNA DSHIARTEIZE L3 KRS TR H DM FEMIR AT = X AFIARB TH D,
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= CaCl, fL#
@ O 7FAZKDNA
o o0
aVETU MR o)

o
O 0 RMLE (42°C)

%O

@38 &8s

K17 a7 MEOIER (CaCl ¥5) ST B sk
SHEERE DO KIBHE % CaCl2 WHRIZINZ AZETRIBEIZTTAIN DNA ZEDIAZRLT WV (2T M) ([2 725, =

DAL ETUNMfaL 7T AIN DNA ZIRA L, 42°CTEUWLIRT 52 L TT T AIN DNA X KGN GRIEN) I8 A S5,

5-13. #H H WS 1R 2 FEBRICERL COMER S

FERHGETRHEEITV, BE B BRI ZBRAITOICEEL Tk, J26cR, 2B, KR
BEBEAFAHT- DI O DEENLETHD,
FEEOFANL, TEBRR~OHEE D2 23%B4<, DNase ™ O 2% [5<, Mz A% L=
FMZHIEZ20, |
O FEBRENC, RTEHAO TEBRPHASRET L (MENE LIADPLIET D),
@ FEBREANTIIMOBEIEZAROERTLIIENEELL,
@ FEBATBLIOERZIC, BT P20, (BRI ZBRR~DOa Z3%20< | Eipth  EiRr=
NOBESLHRIEAINBITBAT LW IS T 5, )
FREIZT0% X ) — VRIREEFE U E L CObl 35, 2R THLEET 5,
B HFRRLCE R 32 KI%, 2K, AU AHOKEL EDKERH WS (68 ~—7 10-7 ),
08 E, RIEIL, TORTRE T D, oy hOslEEIT, JE W A28, B HUTIRE L
RTIUERBTR, )
7" FAIR DNA 2555 1E, SFhaRETEERR ) 5D DNase DIR AL HET D,
LR, 85 3K, 2 TH ML —7 b LUIEC T TR TRER  FEEET 5,
SLANRAE BT, SAVREER L, (= VA ALCH 2 %15, )

® e &

© @ Q
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1 : DNA 4y fif sk

DNA (ZZTELWE THHH MgZ A A AKAFIED DNA 53 fifli# 53 (DNase) (IZ KD LIS MRS AL CL ED, DNA 3 fREEFR I,
BP0 Tl MR - MK - 2 DD I P ICHIF(EL . EBRFICEBRE D LIRAT DGR DD, ZNEBFS T2, £
RICXL—AITHS EDTA ZHINL . EBh &4 L5115

6. FBRD (i
B H S TR ERAI TR, DI EBR I GE FRex 21TV ERERIZAD,

(MM T IEIT, FvhD~ =27 MR HESN T, )
<IREFNZDOWNT >
X HWAGE, Sy oA FERITTOREL Thd, L L, EXy T a—T7RE%
X NSMTEA UM 3255130 T IRE L COD WD, ZOWE X, EHOa #3256 1E
DTIRALTZ DNase 2 KIESHE2 BN HD, £, FERZIL, M2 RKIGE M E T2 R
PEDHDHH 1L, 2 TRERICIRE T2,
W EELTEICHWD FEIR A — ML —7 I H# Th D,

6-1. VDA

pGLO NI T7VT & 5 1-#l# 2 %~ b (Bio-Rad Explorer Kit 1: 7422 No.166-0003JEDU)
#13% : Bio—Rad laboratories: http://www.bio—rad.com

W78 : A RIS D SAF Ty RTRTR — RN IRFEL TS, REEZ 8L T T 5,

6-2. gx HOUEf, FHE - 7L — b UEfi
ZOFyMNE, 8 EBRMTHD, 2070 84 (IA1FEE) 164 (1HE24) ., 244 (1 BE34), 32
431 95 4 4) CEERFERTED,

6-2-1. Fy MM B H R E

O A—btrL—7 KrHIGRE, FEREy e
A

B —>E LY
PEFEMILER— [T )%

@ 42CAFaX—Z (KIR) E—bhrayy

KA 42 CDIRK

FERIFIZ 42°C (T TAS AT A LI CRRED) (2725 I E E T %, ZDIRENE D> ThhEI%
ZALT DL OO BT Z D,
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®

BTCALFa_X—=H (EZIEERE) T IT DEAE

A | TR (24~48 KEfi)

@UVZ 7 (FiEE 366 nm) 4 6HH
R A
T 7TA

6-2-2. 1 Z)L—7|TFcAn 3 25K - 25 B

)
)

@ 6

® 6 6 ©

AL —H—T L —h (KB HB101) 1 7L —h
FERFEH TV —] 47—k
(LB 1, Lb/amp 2 £, LB/amp/ara 1 %)
T B din ¥ ¥R (Transformation buffer: "Bu”) 1 ARG 0.8 ml)
LB (Lysogeny Broth, Luria-Bertani) ifZ {A5% it 1 A (%7 0.8 ml)
7' F AR DNA ¥Rk 27 N—TT1IAR
(BEEBWDIRNGE V=T TRIRTE 2572 27 V=T TIA)
—"7 148
FENFETE Ry (RRAR) SN
Fa—TTv7 1
TARR Y I A (FEIAT m— L ZEEF) 1
=N 1
PEFETI5H 1
(a7
@ TFYMIEEN TR,

6-2-3. FEREEHIOVERL (8 F2ER4Y)

fER 92K KRB K, AF RPN EEL,

W 1k T A =77 AR E N Z T BT 2 — 2 RIS TEA Wi+
Do WL . A —F7L—7 (121°C, 20 4y) WI2THZE TS NTIRE A TES (1K18)
F—=rIL—T DN TERWES . BFL Y TREFRETH D, TTAR =47 T 23|25
HAEMz, BFL PR THSITHESE LML ERH D, HaE VIR, (<O 3L T
MO, Bhig AT 62 Th D,
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500 ml =A75X0 500 ml =B 735X

K 200 ml <« K 300 ml
<« LB/EXHK T¢g <+— LB/EXHRK 105¢
bk i ke
\
—_ — O VAN
T; ML=IARIC 20 T L —F (arc. 204)
| LBTL—F 1645 | e (60

«— TFUEVIU(2E)

| LB/ampTL—F 164 |<—

«— 7IE/—R(£E)

| LB/amp/araL—hk 84& |

18 FEH/ERG L

WA =ML —T7 P (121 °C. 15-20 43)

PNITVT ORI AN B LRSI, 70 BR8NV 2 & F2 R OIRE WD, $2, R 7R
ELURDF 2—7 | Fo7 | B A 70Xy M T 2RO WD, Fa—T - F o7 REOEE | A —ML—T7#
% 60°CHESE CHARSETABM AT D, ERBICIT AT a—7 Xk, L —h Ba GO & TORE T 5,
(RVAF LRI =T Lo D8RI, BUCH O TA— R L—7 Tk, JE TEReW, T2, 2 7B HUEWE 8 DF)

IZHVER S 2B DRI IR 056 FUEWB LR EA — ML — T LIRITIRINT %,

FEHIOPEITERL T, 7L —MIT VL2 A11 | EREHUZEINT 23 AR RS2,

T —hDFN)L v —J— T LB, Lb/amp, LB/amp/ara 35 #iA 5 TE D IOIZFEH T D,
AR A -

TV RS RS AN N BRI E A AR 1ml RA1—30 mg/ml

T I ) — A RS HL R AN NS R E A AR 3ml RI1—200 mg/ml
F—hL—T7 IOV U7 KRG A | E T8 5, BRVIEIZIEA TODATREMEA S DT
D THD, 77 A% FTEHEINONDEE (60°CLHWN) (27252 Hf i BT L — kD457
ERIGT D, TEI VY TIE )= AENNAAEEHITCIX, £T T BT IIA LB, 16
K O7V—NZRE, BIZT I8 ) —RAERMUIZ ., KD 7L —MI3E (X19), piEL-7
—hE, RN EEDECTEIR THET 5,

E TV T IR ) —AL, BUZHWED Z AT T A E T OGNS IRE THN
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BHRoE

19 FREHO3E

6-2-4. FERIFHO ARSI ERE

ER KGRI TDE, an=—NRNTLEIG AR HDH, ZO7 | E{LL71% .,
IV = R F T ST TR E 50, S L FF24FMIVL FEIR I E 5
ZET KRG IFEFESETUIOIVE,

6-2-5 IR
FT GET T a—TIHEA TN KT~ — A — XU TRUHET D,
BB 1A - Bu, 77 AR DNA:pGLO, LB 55ih: LB)
S, v A7ae Xy by LR, Fv hOE Ay (RRAR) 2 VT2 (K20)
pGLO 77 AIR DNA : iU o it AN NV B B R A TR 250 1 RIN—80 1 g/ml
KNG < RS HE S AN NV I B R AR ("Bu”) 250 1 L SN,
WIRUTZBS, 3832,
RIS
OpGLO ZZAIR DNARIE:60 1 1/1 F2—7 =2 7 )V —7T | KT TAIRIRIR (HASTLIE) :
20 1 g/250 u L”Bu” _2-4 {F7BREL 20 1 g/500-1,000 p L”Bu” TH R Y, 77 A3 DNA A%
I, HEFIN—T TS DM ENDH D0 ZOFHRENTH R mE'EN L,

O st FH R (Transformation buffer: “Bu”) 0.8 ml/1 Fa2—7
LB (Lysogeny Broth, Luria—Bertani) #& {35 Ht 0.8ml/1 F=2—7
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T

L RIGELIR D SRR

SRILKRR

K20 VR RESTTE
S AYAR SR T A E N )

6-2-6. AX—H—71 —rDIER

LB L —N (T TIE ) —AREINE I TORWEE ) 2| L | IR L 7o K
2L —T KO T 5, /L — 7 ORISR 20 ' A S LV — 7 THERE IR A7
ZHINIL T —MEHIHEE T 5 (K21), 1EERIRL7ZEE 7 L — M mE i iE 9 L0100
B2,
FHE %, 3T COA L FaX—FTHET D, FiERHRIE, 16~20 FFHA RV, &%/ Shan
==L ABND, ZNHOaR=— (T, REUETEITAR Y T D H AR B DO KIS B 232 <
Rod, FEEROKAIL, HALIREES RO Z WS ZE Tk ED,
(FEEEHICH VD EOREOTT I, p. 42 2 8)
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21 AZ—&—TL—bDOER

6-2-7. EEIOIERK

Bio—Rad laboratories D~ ==7 /L{Z AP 71275 A5 L TWA, 77, Ly AT DT AR,
KEORELBELTEY, £7Lb BAOEREISHEL TRV, 207D, Ly A ZEDT
AN LD EFFEH T2 L5008, FEhi T H2HEPRETT 2B EN DD,
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6-3. FEHRH O Ui

FEREITOU A EBRT N—T T

A= =7 L —hI, 7L —R (LB K, LB/amp2 £, LB/amp/aral £0) . 7K, 3, &b L
— 7 NESF, v I Ty Fa— T EERE T D,
F—hIL—TL3T7TCAFaX—4 L, KFETHEHIT S,

KBBE (RE—4—TL—H)

e
N P

AN
4

KERE

ERyk-)L—Tth

X|22 SikH O

36



7. #E BB s TR x 35 (B s i)

FT ERBHOHREET D,

7-1. FEBRBIAEOMEREIA (X23)

FERENCTIIMOBEREZ AKEEHTHIENLEELYY,

FERANC, BERT A PO CRASRICT S (MERHIE CIADP1ET ).,
BEESOLF2Ved, (EBRKE THBITI, )

FBRRIZT0% 2 ) — VIR A S LR T 5, (R THRBITI, )

7" FAIR DNA 2056 . Sah LRV EOF R AN HEERK 5D DNase DIRAZEET D,
i 285 B, - SRS 1T U o M H 1R O 25, - SIS 1 T

———

S E-AHESRE

B
A

KERAT
EERBTLT FESES

+—roL—7 —
=L :
ERE
ﬁiﬁg 10%TH/—ILETEE

F 7z TR

23 FERBHAARTOHERS
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7-2. FBR515:pGLO 7 ZAIRIZED KIGHE (K12 £k, HB101) O EafaFZEk (X 24, 25)
IYRVRILIFa—T

+DNA, -DNADZRN)LZEDIT5H,

“Bu” (50mM CaCl,)

R ESHRFEER 250 y
(+DNA, -DNAFIFa1—)

\'\9
)}

T

+
o
Z
£ «
|
O
=z
>

v
KHIZFHE (~553 )

X

KIBE (HB10)1)L—T
(+DNA, -DNATEF1—7)

i
+DNA
\\
?gﬁAEFDNAjUL—)?" \%\ )
+ — ey S
TR0 O T~

FS5RXZRDNA +DNA -DNA

v

K110 R4 E — A’EA
V7 5K

24 WERH T o — L
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v

42 °C. 50 #ElE—ki 3y 5 42°C, 50FLRA 5k
* CCEFRCERISITS S ATy

KAIZRL 2 HEFFE

LB broth 250 |

+DNA -DNA

=810 HEHE

L FLKEHTS
EELEED 100 | Z7H—TL—HMZHEE

ey

Sy

+DN -DNA

v
37 CIzT—HhiEE

JL—hS UV EST, IO——DEAZBRET 5.
F=. AAZ—HEAET 5.

(BAZW-LGNIA0=—AHENEIHIERT D)
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Fa—J

AL RS2 p Ry

KEEAN - TEEGREER
) 0
F5RSFIEM //\

KAEE (K12#k :HB101)
s

't—}v‘/a‘y’J

TS5 RXZKDNA(pGLO) &

\ |l.|‘{. ~ =l
E—kavy
(42°C. 50%)

LB 1% #h 70

ERI10DWE

ELE]

LBigHhAN EEMNE

’\\ TL—HMIZRIL

X25 JEHEEHERE (GH)
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1% (37°C)
L REE ST
ERER

ZEHMR (366 nm)

a0=—HCAIE

RER REYILE

DNaseD;EAZEE T3

—~HRICRBRTS A—hIL—IRE

RERR

G ATYARLLI N Rt S B e S 115 S 74 SR = S = St
(1 55 W ST A8 S W R i S5 272152 | 2003 4F)
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7-3. FEROBA ]
EROKEAT v T TCORAL Mem T, FROKZEAT 7T, Fa—TNTEIS>TODIRIED
2R
O By THREER
ARFEERCHE T D51 -
O EHRAEEIR AN, OLB-broth ¥, OB #iE# L 72 B DR ER

X 26 fHEVETE A~k (RRAR)
FEVEETE A~y M, JE LIREE T 1 AT oI AT ke cifa s o,
ERNZESNSH U 5, 100 1 1~1 ml ZEETE5 (X 26)

@ fEHT 2@ OHEFRRE & 5K
AL —H—TF L — NI BT DHRIGHE OHEFEKIEE ST, IS H R ET 5, FERITITATA
DOEEFR LTS R O B A VY, B REIATIS, 16~20 RE 2356 X CTh D,

R IR 28 U2 B 3 AE A O M 25 T 7o 0 -V W TS B U,

1= — O JERREBO B 1%, FEFEDN R AR HE (B HE AR AR O RO (B 27A) ) ThD, ZD7
DRENIR=— 2RO, HIHO KA RO WA Z <RI 2081 &5 (K 27B), LnL,
BEIZREVan=—Dillixiliz /L — 7 TRIRT2ZLFBEITH LY, 22T /hanar=
—NHIEL COBEATAEL ., /h&Van=—% 5 (HOWERET SR ED LW E N EH
% (1 270),
AFEBRTIE, B COan=—[FF —~Dru—r &2 TR, 20720 an=—R3 /S0
Al Han=—(lZ2bb T oan=—25 I L THLMEEIT/2 W (K 270), 07w tis
el DN REITHD,
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B

E#

it
R
R

e — N
— ERH
it $h E 5iE HA SRR 125EHE
EEH
FEH SERBER
X 27TA B OBEFEHR X 27TB —o0an=—|ZBIT 550
RHEE O E 2T 5, au =— ORI B < HE LB A FEET D,

X 27C AHX—H—T L — ~DIKEE
OO X o lc/hERan=—RNHEL TWAEFRND a0 =— 28T 5,

Q@ WEEEEHEE ISR 72 . K CLRIE
TR SRR TR IL, AL 2D L (CaCle) AR T D728 | B LT IX AR L E IR IEICH D,
FHCT T AIN AR E DL — b a7 24T OB K ISR E L IR EL2WIDITEE
95, BOKBECTIERIL 7oK &M H TEXARWIGE TR, KEARBEZRE TH A (crushed ice) L,
BIZKE A, F 2= BFRFOKICHET DIRNAELZEN KU TH D, Fo, WTHLOHAT
H KOREHET NIRANTEN, TAIEENWTT 2—7 2N CHEKDIRENR —ELT 2—7
HRETH (X 28),

U=k

; QDE
(Crushed ice)

28A N TOK &2 W56 X 28B 7 /LI IRA IV THKE B T-HE

\
\
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@ 7ZAIN DNA %R FEITERE

“+DNAOF 2—7IZ7FAIR DNA IR &IN5, Vv—"7"% N, 7*ZAIRN DNA ka2
EENCED YR EJDOINERET 5 (K 29), FRERSHIZEKEIL. K 1011(0.8 1 g) TH
%o (T TAIR DNA VEIRIE 120 11 g/250 1 1=0.8 1 g/10 1 1)

L—7 BREARIEDLICTLNED

—

29 N—TFZLBTFAIRN DNA OEREL

® b—hvavy

b—hay i3 K >42C-508 >0k, LEREINICIREE 24 D2 Ees2n (K 17),
ZDT7D, HHENLHA2TCIT Y MUK DIHIT Fa—T7 S LTOK B a B L TRIET D,
ZOIREFECIO KIGHEDOIEDRENENZE(LL 7T AIR DNA BSEOHICADIAD S, 42°CHLER
AMCEIRICH LU CTLEIEEITITED, b—brav 2T RBR WD I E RO E MK T
HOTHFET 5 (1% 30),

TS5 AZRDNA

@ :%-»@%88 = (¢233)

. e E—tavy
5k e (42°C . 50%)) ikeh

X30 BE—havy
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©® LB broth IO fi &

JE #1128 lactamase 725 TNT AraC DIEAG D3 BLLE & DX X7 EINERR  FEA T D, 2D
OB REE TR E 3 3 i CEDRES) (LA E ) DL 7ebTNT AraC Zo /" E DT
2E— BN ~DOFEEIZ LD GFP AR T RB DT my /b 25,

@ ROIRE

FEBRTIL IRANEETHD, ZOEBRIZBWTHEE DNA OIRES () 275012179, 172721,
IRA O JANL T EIRIZ R > TLEIEFH OIRENEL 7RV IR O Zh N5 H DT DI TE
95, MEOEE, LB B iR OFE X IEA TWDIZ0 IRET D,

7TU— N O

TlU— MEIERLTERELET, HEPIE, EXT, B s ko5, 0k
\Z7g oot KAKDEONE TKEIZ D REEPICHEMERICELLZ R D, Z
ik, ar=—>2NNn5RKE R 5,

© T —b~DOVEFIHEDFHE
7L —NMZampt, ara~72EMEHEIEAFLHE T AR, 7L — OBV L /e S IR LB ZE O
SR AT AT oY N R

4. RBGEROELD

Bio-Rad Explorer %> h®D 7% ANTIE, FEEFZHEE 50 07T D200 TK 2 BEZHEL, %%
B IERAR AT THD (Fy FTHF A3 ~—UF M),
KTV = TOan=—OF EEH % FARERELELOFELTI D, FIZ, +DNA,
LB/amp, LB/amp/ara DL —R~NIDWT, an=—#%xH|E 7T 5,

O K7L —hoBlg
T, KT —bTCan=—RNERINLINEINTHEL, £ 7 —hDan=—2 B2 LUIRRER A
ToF T D,

@ #OLBIE

O A RS L a2 Bl T2,

AT R EAM (366 nm) DHLOE NS,

pGLO THHL T % GFP Dbz 1% 380 nm {112 — 7L T DD RIKEM O AV
IR—FE MDD, FTUAANIR=EDRIRNG G TIRDOT Ty 77 AN ThaOt A Bl T& 5, f
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W EM (B 21 254 nm) DRTUAANIF—Z T, DR THEIEDTH 2D, EEKEITRE=
FNF—THRLHIUSER THHT2D VR WTIN RN, B E Tho THEIMIIERE LT
AN ECAN VAN

D7, AIRERLIFT — I N EE T D,

F7 RS I E B R AMRARIR C RIS T2,
BEMEEZEZDETANR I AENEDIRE D T RE B THA),

@ mr=—FOWE
T —NEPDIR=—EBEL, v Uy TRy MR ban=—HE 2 5,

n=—HNL WG L — M8 FEDIL 2T Dan = — KA ER, Ban=—K%
RHET D,

TL—r%8% 4L, AB 28RO =——HGAIE
aff

JL—t

b{E
2an0——#=4x(a+b)@A

7-5. FLODHRA L

R LTZ 4 O T L —1 e, Wl 52 LI Eonsm Azl TH5 (1K 31)
O fEHEpRE, B N7V RT = (+DNA, LB/amp/ara 7L —h)
GFP 1% 7 () 287077 AIR DNA (3, 28552 IR LT a0 YA 5 L7220 (Explorer v k
DT HFARTR—=D) R, TIE ) — AP IO 0 = — | ZERIMR CHOE A58 5, DNA (X1
THYTHNEFET DI EWVIBRREZFFZ 723, RIGEITEAL GFP o "V EARBISE DL
GFP Zo "7 IL, T ea 3% e a3 %,

@7 BRI (+DNA, LB/amp 'L —} vs LB/amp/ara 7'L-—})
7 IAIN DNA AL KBEHZ, 78/ — A G0 TR 28, 798/ — AN T 1
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E—HBEH (PBAD) IZHE B LTz araC H L X7 E EfER T HIET araC XL/~ EOREEEAIZED
PBAD 232 4%, ZD728 RNA RUAZT—E M PeaD ITHE AL GFP AR5 (AKTF Ak 13 2
—UEH),

ZITT I ) —=RIFHAAYF D ON/OFF O EZH->TD, £z, GFP Bin ¥ (IFH) 23K
PHE PICAAEL THRBLLZRITIIE, B E T DLV 26720, 22T, Fee—4E
BT KIGHE B THDHI-D KIFE D RNA KU AZ—ERFEA TES (14 —),

QxR EGROEE S (4 DT L—)

@ EHR AN L TODDED (R ETZRIGE A S THODNEIND)
—-DNA, LB 7L —h

@ SEBR D FHIMEITE D)
—+DNA, LB/amp 'L —hk vs LB/amp/ara 'L —F am—=— g

O IIEME (T I) DR RITH L)
—LB/amp 7L —k, +DNA vs -DNA

@7 Tt ) —ALLDL T EFEBIAA T D ON/OFF [ SRR S0
—+DNA, LB/amp 7'L—h vs LB/amp/ara 7'L-—h

K x 7L —NAEL R U T2,

@FEBROFENEL TV X

ERF LB OIn=—HOT —HE L BERMEONTYXRORREZ B LT D,

W R R SR CII B0 (LLBIRH I 7T AIR DNA 1ug THEMESNLan=
— A/ w9 ZWNET D, Ll KEBRDY G A% —2—7 L — R rbER LT K E A CaCl
¥R (Transformation ¥AIR) IZIETH DO DRI ET UMl /a> TRV R G E 2 VT
WD, ZOXI e RIGHEICR D BEDO T TAIRDNAZ M A TR EERHE T C0D72, FEBRE
OB FRIL, RN F A RO Eh | BlEShcan=— 02854526 THh oy
gD,

CaClz IZTar 7 MESNT- RIGE OTEE AR, dE 107 E/1 n g 77AIN DNA T
BN, ARFEBRTIE, 10°#/1 u g 77AIN DNA FEETH D,

©® WO

E s B CICBIE T 0, BICERRE, HHERK THRHICBRELan=—DRESHLD
HEEBET D, WO n =— IR ERDECHREL <2513 T Th D,
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7-6. RS R4
T B iR

+DNA +DNA -DNA -DNA
LB/amp/ LB/amp/ara LB/amp LB
| ] | ]
+DNA ~DNA
pGLOE A EE& pGLOKRE A EER
#0112 DNAEER

B 31 TR ssns R
amp:ampicillin ara:arabinose DNA:plasmid

E. coli: K K12 # HB101 LB:LB K%t
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TIE ) —ALLD GFP R

+DNA, LB/amp D% TEELICBPEEH KL EOan=—0W, LU THEL T\ Han=—
D, —HIIT I ) —RE AR — LRy b T 1 EESL, hoan=—Zarho—L b
L, BEEIIC R pa0 i A Bl 2232 (X 32),

758 /—AX(ara)

- +
OB rere
1 B¢
2R
4 FF ]
6 ¥ il —ara(aA>kA—)L)

32 GFP 3¢ 81555 3 Jii

7-7. FEEHRE TR ORI

ML Z SEBRICE I Lo gn B3 IR KIBE e 813, R THE L T oREET D, I
FiEE, A —RL—7 PR E (121°C., 20 43) SRAITHS (K 33),
AL =T HFEESN TRk TliE E S TRATLZEL ATRETH D,
EAENZT L —MNE A= ML —TIRE % | R EEIIE R EE TLEL THH), A3
DILERTTIEI, BABERFIRIC KO T IEN 2570 | & HIX O JHEIZ I TIT,
B A I D iER T BEEY O Fuha— LA E RN /ERIL Tl<E LW,
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33 A —hL—T WAL DB AL

EBCTHEHLIZE b V—T | L= AF—H—T L —b, FBEEHRKIGE 7L — ) 134T
F—hIL—T N D PEE L CTODEEIET S (X 33),
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8. EDIIR R ERI IO

BRFY MAZ I ANDIE, 5D E T 28 B LI M RE M O Z L2 iudie s
PR BN T, TR AR T2 D0 E BRI 2 2818 10 FE it rTREZR 2 ML (2T /3 %) <OlRg
MZEDONE (A~ T RR) BAERT DB NS5, RICF v bW L2V TR A 72 B B
MT&ED, TRRICWL OO HERFIZRT, FREF L, D B RS- 5HEERR S LB TH A,

O HTEWFORERTHLEA NIRRT v EESR

B FIE BB Rarinz s (Bs) &HIEEH T2 (B R8E8) & E2b->Td, DNA 121,
BRTEHRNEEN mRNA 20, EEE b S T-2 L ~7ERMELND, (ZOF v OBA 1L, GFP
MEASIENERET D, ) ZOZEEERERNIZ TS5,

<EBRPOFFEARA >

7" ZAIR DNAIZ UV 24T, DNA I THY |, dbE 5 TAMRRITL 122N a2 D 5,
O7 It ) =A< AF AT L —bDKGEICH GFP &ia 1. BASN WD, DEVEIEFITTF
195, L, TIE /) —RZ A2 UL, GFP [ IELNARNWZ L&D D, BV T,
NEE T LVIERBFIEL Th, Zo 37 EREBLENRT UL, 32T T D VI ERE IR
RN ZEE TR THED D D,

O¥HUZ T T8 ) — 2% MZ HZE TR FRBNEZD , 22 THIH T GEP 2 " ZEMELIT
WIEEHE T DEVIEREN A FNDHZEERER T,

T8 )= A& MA TR WE TP E IR R R L, b7 78 ) — ARk an=—
(ZREODNT D FEERZATO L BT BICHIREIZ /0D, -, IWEIRHLL - RIS GFP A4
L, BB CE L T D TR A THE GFP WYL R ThHZEMNFEK TED,
O—XIZE DML TE S LOBARTE HIZILH7Z03 | &L COBAR T FELOE I LV
OPEREHRFED | MR D3I D, GFP O s T-HH 2 R A WU CRA BR T3 BT
DML, MR D o3 A 7 S A L 72D,

<H#E>

7B AR T EBDD T MEABEEDIC, BUREWAHERFL | s 7200 Y 2o L C B2 R (L B B SRS B B 1
FaHoTND, | ADNE RIS B2 032 DA/ E Y fila & bR, i CHIFIR Cb A Mk EL T0D
75 EOBE T OBy NIRIL THD, LinL, FEHL TS (T 3) s 1O REEA S 72D IR O 1 A
T, Fiz, BAEOHHN DAL TIIFBL T LBE T OENCIVMIRO LRI 5, ZOINRIE T FHEIT, BIETO
THRAMERE~DOFREO T | T - LA - D25 - (8 RO PEE ) &R DD EEIR A F L5, REFRTHLHU Nz pGLO FFAIK
IZIE, 798 ) —RAF 0 OB T-RBFEHHEREN S ENTOS720 GEP JEOTON], TOFF |3 TE5, ZO720 i n !

WZEDE S TEBELND BNV R T < 3D CROME THRBROAF TG A TED,
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@ EE TR B ~O BRI L OB L5,

<EBRFOFFEARA >

OUV 22 TTH DR GEP OFAR T (7T AIR :pGLO) & KIGHIZEA T 5&, KIGH 1L GFP
ZREEL, UV 2 Y THENDHINNTD, BIEITIE, GFP DIFRBE ENLTNWDLIEE TS,

OF Y MIEEN T HZ2RIE TN~ T8 AL, B s X E5 B RR)
ZHOOFTERERT D,

OEBROHF T, ERNOFEFTY ONILE TR T 28T MBI ARDO BTN EGRTHT D,
ORI ~DIEAR T DOZ AL, M (EY[genetically modified (GM) crop] DBHE . BAxT-1H
DFFFE, IPS AIBEDOVERZ2 8 2 OIBAR T LA 43 B O B H AN T D, Filt7e i oHEE 12
ZFLTND I SA A AT L AR R R E DR A B 5255,

@ BB T RO AR5

<EBRPOFREARAL N>
ORIEDWEEATV VSR — LBy hODVIZ~ A 70 Ry M VD7 E | BFZEL ~L Dl
{5 FHAHZ EBRIZEIL TIT9,

CIDRE - BEFEWALBR 56D B 43 CHEfF L . RBRL | BEIE T 22D B HIKER 5,

O~ A7ae’ Ry MEEZRE EREAE B RO 5 TER T 2,

Ok RRFEBR (2 b — L FEBR) OFRE 71k L | FRA ML Ca R FEARICEH R A EL,

@ WITHELI-FEERE

OEART-2Y DNA THHZEZMEN D DT80 | TBEERRL 72 KRG ST E R LW RIG DD
DNA ZflitH L, SEXUKENS TR E R L7 KRG TO 77 AIR DNA (pGLO) DAF EZ T,
OXRBE DI LT, GFP Zo ™I E BB ERR L IZ RIBE IAFAET DT LN D D720 |
Bio—Rad Explorer Kit 2 Z VT GFP ¥ VB #kEH45,

OV AR R T 2 SR AR C GFP 24 L, BB T VB A A S5 LTl
INIRIR DL BN DD, (HICINF L I THHTEDEERE)

EBROFRFETIE, LD, @, @, @DOERITHEH DM A 128 X T2 ER 2T I TERK
KA TD,

[EERHYE | TORFE TR AEE DM 2 2 S0 2 AL A EDHfRE e+ FBREL
TERANMEMILIENEETHAD,
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\\}ﬁ

EXE

S AVASY.N

AT, SRR, GHRBUE, EARZ  NEREE . DI B — 07 O RS
NITAR Gt 2019

BEHiGR S | M B EDDBAR T TP E T, MEM FEBROFLARN | D03 <fFaisitTuns,

9
9

—

SBOL B, BB SRR . TR ZE S AP ) A — 2k 2009
WEMZOIERDNG, BT TEOEREAN, A4 T 7 /0y —5T, BEERKLEEL AN
TTEIEPNIAME,

RRER—m: (91D TERANDOIZDOWAMER~ =27V (5 2 ) —HEE» OB T HIEE
T st 2003

IR B VBSOS 2R T IR E A BB D AR B ED B F 72 5 A AV CHID O3 i
o BT, HE A s T B O 7 aha— L R=ERB BN ST D,

KRG A4 EEEEIEA Q&A ETR ZE 4L 2010
IR AAKITEDD 2 DNA Z4) FARITIA 2 85 1 SZBR I B2 ENGR I XA 2 SAA -
TEAIREAE 2 72 EEBRAILE (T BB A% Q&A TR TiERL

KAEERT : B2 EREITHTD D ISAAFZEROJFHE | 22 145 2006 (78 1-1XI5E)
FEBRIBIEOY LEBIE RO, BT 72 EBRIEO BRSO EBRIEO W BRI, JR
PN B EINADZENFIE T, AEL, EMB ARG T8 MERIEY, 0 T4EYD
Y, AL, MBI BT LI L, BRI CR B LD T EBR AT ETH D,

Green MR and Sambrook J “Molecular cloning A loboratory manual’4™ ed.by Cold Spring
Harbor Laboratory press 2012 (J&zERR D EER 7 mha—/ 1)

Maniatis et al #1fZ, 1980 FEARITLOBIAF LFER T 0ba— L ONLTLELT, £<D%5
TR EDER U, 5 4 BUTIE, AR 21 7 A £ 7987 L RNA 3. DNA AF L
B/~ F o R EREICLAZE D o R T 4y I T SAFT AL T A~ T 4T AN
BIMSH TNV, T, ZL<OFEBRENRTIRSIVCODN, 570 HGETEPN TODIOARE
LNIBABF FEBRDASAAT VT D, URL: http://www.molecularcloning.com
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10-1. 7ZAIK pGLO O FFR A S n - D&~ E RS

NCBIF —4#_X—AD—>TdH%5 GenBank data 7 SAFEER T L7=pGLODHEAC S % HY
H9 b TED,

GenBank: http://www.ncbi.nlm.nih.gov/GenBank

1: U62637 Cloning vector PubMed, Protein, Related Sequences, Taxonomy
pBAD-GFPuv,
complete sequence
LOCUS  CVU62637 5371 bp DNA SYN 14-AUG-1996
DEFINITION Cloning vector pBAD-GFPuv, complete sequence.
ACCESSION  U62637
VERSTON U62637.1 GI:1490531
KEYWORDS
SOURCE Cloning vector pBAD-GFPuv.
ORGANISM Cloning vector pBAD-GFPuv
artificial sequence; vectors.
REFERENCE 1 (bases 1 to 5371)
AUTHORS ~ Crameri, A., Whitehorn,E.A., Tate,E. and Stemmer, W.P.
TITLE Improved green fluorescent protein by molecular evolution using DNA
shuffling
JOURNAL ~ Nat. Biotechnol. 14 (3), 315-319 (1996)
MEDLINE 98294348
REFERENCE 2 (bases 1 to 5371)
AUTHORS  Crameri, A. and Kitts, P. A.
TITLE pBAD-GFPuv complete sequence
JOURNAL  Unpublished
REFERENCE 3 (bases 1 to 5371)
AUTHORS  Kitts, P. A.
TITLE Direct Submission
JOURNAL ~ Submitted (28-JUN-1996) CLONTECH Laboratories, Inc., 1020 East
Meadow Circle, Palo Alto, CA 94303-4230, USA
FEATURES Location/Qualifiers
source 1..5371
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/organism="Cloning vector pBAD-GFPuv”
/db_xref="taxon:50707"

gene complement (96. . 974)
/gene="araC”

CDS complement (96. . 974)
/gene="araC”
/note="PID: g455167”
/codon_start=1
/transl_table=11
/product="araC protein”
/protein_id="AAC53662. 1”
/db_xref="G1:1490532"
/translation="MAEAQNDPLLPGYSFNAHLVAGLTPIEANGYLDFFIDRPLGMKG
YILNLTIRGQGVVKNQGREFVCRPGDILLFPPGEIHHYGRHPEAREWYHQWVYFRPRA
YWHEWLNWPSIFANTGFFRPDEAHQPHFSDLFGQI INAGQGEGRYSELLAINLLEQLL
LRRMEAINESLHPPMDNRVREACQYISDHLADSNFDIASVAQHVCLSPSRLSHLFRQQ
LGISVLSWREDQRISQAKLLLSTTRMPIATVGRNVGFDDQLYFSRVFKKCTGASPSEF
RAGCEEKVNDVAVKLS”

gene 1342. . 2061
/gene="gfpuv”

CDS 1342. . 2061
/gene="gfpuv”
/note="GFPuv is the GFP variant called ’cycle 3’ ; Allele:
AC2; green fluorescent protein variant”
/codon_start=1
/transl_table=11
/product="GFPuv”
/protein_id="AAC53663. 1”
/db_xref="G1:1490533"
/translation="MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLT
LKFICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERTISFK
DDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYITADKQKN
GIKANFKIRHNIEDGSVQLADHYQQNTP IGDGPVLLPDNHYLSTQSALSKDPNEKRDH
MVLLEFVTAAGITHGMDELYK”
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gene 2636. . 3496
/gene="bla”
2636. . 3496

/gene="bla”

CDS

/function="confers resistance to ampicillin”
/codon_start=1

/transl_table=11

/product="beta-lactamase”

/protein_id="AAC53664. 1”

/db_xref="G1:1490534"
/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGY
ITELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRVDAGQEQLGRRIHYSQNDLVE
YSPVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTT IGGPKELTAFLHNMGDHVTRL
DRWEPELNEATPNDERDTTMPAAMATTLRKLLTGELLTLASRQQLIDWMEADKVAGPL
LRSALPAGWF ITADKSGAGERGSRGITAALGPDGKPSRIVVIYTTGSQATMDERNRQIA

BASE COUNT
ORIGIN

61
121

1369 a

atcgatgcat
tcecgtcaage

ttcacttttt

ETGASLIKHW”

1368 ¢

aatgtgecctg

cgtcaattgt

cttcacaacc

1300 ¢

tcaaatggac
ctgattcgtt

ggcacggaac

1334 t

gaagcaggga

accaattatg

ttctgcaaac

acaacttgac

cctatgctac

ggctacatca

tcgeteggge

tggcceeggt

gcatttttta

181

aatacccgeg

agaaatagag

ttgatcgtca

aaaccaacat

tgcgaccgac

ggtggcgata

241

ggcatccggg

tggtgctcaa

aagcagcttc

gcctggetga

tacgttggtc

ctcgcgecag

301

cttaagacgc

taatccctaa

ctgctggegg

aaaagatgtg

acagacgcga

cggcgacaag

361

caaacatgct

gtgcgacget

ggcgatatca

aaattgctgt

ctgccaggtg

atcgctgatg

421

tactgacaag

cctcgegtac

ccgattatcc

atcggtggat

ggagcgactc

gttaatcgct

481

tccatgegece

gcagtaacaa

ttgctcaage

agatttatcg

ccagcagctc

cgaatagcgc

541

ccttcecectt

gceeggegtt

aatgatttgc

ccaaacaggt

cgctgaaatg

cggetggtge

601

gcttcatccg

ggcgaaagaa

ccccgtattg

gcaaatattg

acggccagtt

aagccattca

661

tgccagtagg

cgcgeggacg

aaagtaaacc

cactggtgat

accattcgceg

agcctccgga

721

tgacgaccgt

agtgatgaat

ctctcetgge

gggaacagca

aaatatcacc

cggtcggcaa

781

acaaattctc

gtccctgatt

tttcaccacc

ccctgaccge

gaatggtgag

attgagaata

841

taacctttca

ttcccagegg

tcggtcgata

aaaaaatcga

gataaccgtt

ggcctcaatc
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901

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

ggcgttaaac

ccgecaccag

atgggcatta

aacgagtatc

ccggeageag

gggatcattt

tgcgcttcag

ccatactttt

tgcatcagac

accccgetta

attgccgtca

ttaaaagcat

aacaaaagtg tctataatca

ctttgctatg

tcgcaactct

ccatagcatt

ctactgtttc

ctttaagaag
ccaattcttg

gagatataca

ttgaattaga

catactcccg
ctgecgtettt
tctgtaacaa
cggcagaaaa
tttatccata
tccatacccg

tatggctagce

ccattcagag
tactggctct
agcgggacca
gtccacattg
agattagcgg
tttttttggg

aaaggagaag

aagaaaccaa
tctcgetaac

aagccatgac

ttgtccatat
caaaccggta

aaaaacgcgt

attatttgca

cggcgtcaca

atcctacctg acgetttita

ctagaaataa

aacttttcac

ttttgtttaa

tggagttgtc

tggtgatgtt

aatgggcaca

aattttctgt

cagtggagag

ggtgaaggtg

atgctacata

cggaaagctt

acccttaaat

ttatttgcac

tactggaaaa

ctacctgttc

catggccaac

acttgtcact

actttctctt

atggtgttca

atgcttttce

cgttatccgg

atcatatgaa

acggcatgac

tttttcaaga

gtgccatgcece

cgaaggttat

gtacaggaac

gcactatatc

tttcaaagat

gacgggaact

acaagacgcg

tgctgaagtc

aagtttgaag

gtgataccct

tgttaatcgt

atcgagttaa

aaggtattga

ttttaaagaa

gatggaaaca

ttctcggaca

caaactcgag

tacaactata

actcacacaa

tgtatacatc

acggcagaca

aacaaaagaa

tggaatcaaa

gctaacttca

aaattcgcca

caacattgaa

gatggatccg

ttcaactagc

agaccattat

caacaaaata

ctccaattgg

cgatggccct

gtccttttac

cagacaacca

ttacctgtcg

acacaatctg

ccctttcgaa

agatcccaac

gaaaagcgtg

accacatggt

ccttcttgag

tttgtaactg

ctgctgggat

tacacatggc

atggatgagc

tctacaaata

atgaattcga

cctgecaggca
gattaaatca
ggtggtccca
tgtggggtee
gtgcaaagac
gacaaatccg
aggacgccceg
cctttttgeg
gctcatgaga

tattcaacat

tgcaagcttg
gaacgcagaa
cctgaccceca
cccatgcegag
tgggecttte
ccgggagegs
ccataaactg

tttctacaaa

gctgttttgg
gcggtctgat
tgccgaactce
agtagggaac
gttttatctg
atttgaacgt
ccaggcatca

ctetttgttt

caataacccet gataaatgct

ttccgtgtcg

cccttattcce

gctcggtacce
cggatgagag
aaaacagaat
agaagtgaaa
tgccaggeat
ttgtttgtceg
tgcgaagcaa
aattaagcag
atttttctaa
tcaataatat

cttttttgeg

cggggatcct
aagattttca
ttgcetggeg
cgccgtageg
caaataaaac
gtgaacgctce
cggeeeggag
aaggccatcce
atacattcaa
tgaaaaagga

gcattttgee

ctagagtcga
gcctgataca
gcagtagcege
ccgatggtag
gaaaggctca
tcctgagtag
ggtggegggce
tgacggatgg
atatgtatcc
agagtatgag
ttcctgtttt

tgctcaccca

gaaacgctgg

tgaaagtaaa

agatgctgaa

gatcagttgg

gtgcacgagt

gggttacatc

gaactggatc

tcaacagcgg

taagatcctt

gagagttttc

gcceccgaaga

acgttttcca

atgatgagca

cttttaaagt

tctgctatgt

ggegeggtat

tatcccgtgt

tgacgcecggg

caagagcaac

tcggtcgeeg

catacactat

tctcagaatg

acttggttga
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2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921

gtactcacca gtcacagaaa agcatcttac ggatggcatg acagtaagag aattatgcag

tgctgccata accatgagtg ataacactgc ggccaactta cttctgacaa cgatcggagg

accgaaggag ctaaccgctt ttttgcacaa catgggggat catgtaactc gccttgatcg

ttgggaaccg gagctgaatg aagccatacc aaacgacgag cgtgacacca cgatgcctge

agcaatggca acaacgttgc gcaaactatt aactggcgaa ctacttactc tagcttcccg

gcaacaatta atagactgga tggaggcgga taaagttgca ggaccacttc tgcgctcgge

ccttccgget ggetggttta ttgetgataa atctggagcc ggtgagegtg ggtctcgegg

tatcattgca gcactgggge cagatggtaa gccctcccgt atcgtagtta tctacacgac
ggggagtcag gcaactatgg atgaacgaaa tagacagatc gctgagatag gtgcctcact

gattaagcat

tggtaactgt

cgcectgtag
cacttgccag
tcgeeggett
ctttacggca
cgcectgata
tcttgttcca
ggattttgcce
cgaattttaa
gataatctca
gtagaaaaga
caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccaget
gaaagcgceca
ggaacaggag
gtcgggttte
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg

caccgcatat

cggcgecatta
cgccctageg
tceceegteaa
cctcgacccce
gacggttttt
aactggaaca
gatttcggece
caaaatatta
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggce
agttaccgga
tggagcgaac
cgctteeega
agcgcacgag
gccacctetg
aaaacgccag
tgttetttee
ctgataccgc
aagagcgcct

ggtgcactct

cagaccaagt
agcgeggegs
ccecgetecett
gctctaaatce
aaaaaacttg
cgceetttga
acactcaacc
tattggttaa
acgtttacaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgecagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgeggee
tgecgttatcce
tcgecegeage
gatgcggtat

cagtacaatc
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ttactcatat
gtgtggtggt
tecgetttett
gggggetece
atttgggtga
cgttggagtc
ctatctcggg
aaaatgagct
tttaaaagga
gagttttegt
ccttttttte
gtttgtttge
gcgcagatac
tctgtagceac
ggcgataagt
cggteggget
gaactgagat
geggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattetg
cgaacgaccg
tttctectta

tgctctgatg

atactttaga
tacgcgcage
ccetteettt
tttagggttc
tggttcacgt
cacgttcttt
ctattctttt
gatttaacaa
tctaggtgaa
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtecttac
gaacgggsss
acctacagcg
atccggtaag
cctggtatct
gatgctcgte
tcctggeett
tggataaccg
agcgcagega
cgcatctgtg
ccgcatagtt

ttgatttacg
gtgaccgcta
ctcgecacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gatccttttt
gtcagacccce
ctgctgettg
gctaccaact
ccttctagtg
cctcgetetg
cgggttggac
ttcgtgcaca
tgagctatga
cggcagggte
ttatagtcct
agggegeecessg
ttgctggecet
tattaccgce
gtcagtgagce
cggtatttca

aagccagtat



4981
5041
5101
5161
5221
5281

acactccget
ctgacgcgcce
tctcecgggag
aaggagatgg
caagcgctca

taggcgccag

atcgctacgt
ctgacgggcet
ctgcatgtgt
cgcccaacag
tgagcccgaa

caaccgcacc

gactgggtca
tgtctgetcee
cagaggtttt
tceeeeggee
gtggecgagece
tgtggegeceg

tggctgegee
cggcatcege
caccgtcatc
acggggectg

cgatcttcce

gtgatgcegg

ccgacacccg
ttacagacaa
accgaaacgc
ccaccatacc
catcggtgat

ccacgatgcg

ccaacacccg
gctgtgaccg
gcgaggeage
cacgccgaaa
gtcggecgata
tccggegtag

5341 aggatctaat tctcatgttt
Bl B I RREMATR 01, e =2 — RS A, TR TIEEIE AR L TV D,

gacagcttat c

FVF IV
Crameri,A., Whitehorn,E.A., Tate,E. and Stemmer,W.P.
“Improved green fluorescent protein by molecular evolution using DNA

shuffling”Nat. Biotechnol. 14 (3), 315-319 (1996)

B &=

“Improved green fluorescent protein by molecular evolution using DNA shuffling.”
Crameri A, Whitehorn EA, Tate E, Stemmer WP.

Affymax Research Institute, Palo Alto, CA 94304, USA.

Green fluorescent protein (GFP) has rapidly become a widely used reporter of gene regulation.
However, for many organisms, particularly eukaryotes, a stronger whole cell fluorescence signal
is desirable. We constructed a synthetic GFP gene with improved codon usage and performed
recursive cycles of DNA shuffling followed by screening for the brightest E. coli colonies. A
visual screen using UV light, rather than FACS selection, was used to avoid red-shifting the
excitation maximum. After 3 cycles of DNA shuffling, a mutant was obtained with a whole cell
fluorescence signal that was 45—fold greater than a standard, the commercially available
Clontech plasmid pGFP. The expression level in E. coli was unaltered at about 75% of total
protein. The emission and excitation maxima were also unchanged. Whereas in E. coli most of the
wildtype GFP ends up in inclusion bodies, unable to activate its chromophore, most of the
mutant protein is soluble and active. Three amino acid mutations appear to guide the mutant
protein into the native folding pathway rather than toward aggregation. Expressed in Chinese
Hamster Ovary (CHO) cells, this shuffled GFP mutant showed a 42-fold improvement over
wildtype GFP sequence, and is easily detected with UV light in a wide range of assays. The

results demonstrate how molecular evolution can solve a complex practical problem without
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needing to first identify which process is limiting. DNA shuffling can be combined with screening
of a moderate number of mutants. We envision that the combination of DNA shuffling and high
throughput screening will be a powerful tool for the optimization of many commercially important

enzymes for which selections do not exist.

DNA w7V 712 X567 GEP B3B8l L72 GFP 1%, Bl RO TS5
AL EWEDERE 2G5, GFP OR ML, 65-67 FEOTI/RIZIVEERSL WD, —J7,
DNA 2y 7V 7 K0BIRS N BAR F DI BLS AV IR EE A3 iy GFP I, 99, 153, 163
FOT I BEEHRIEZ>TND,

Gly 67 -~
. N
e N/\'c', —_— B N/\'C') —_ N o
HO H H HO H HO H
H OH . H OH Bt H OH
Ser 65 BRI

GFP 1%, 65-67 F 73 /M2 (Ser, Tyr. Gly) ICXW I AMATERL . AR L0EOEE R T 5,

Phe99Ser
Met153 Thr

Vall63Ala
Fluorescence

Emmision

400 500
Wavelength (nm)

DNA ¥y 7V 7 Z IR LSO T I BEA LD 9D, (Phe99Ser, Met153 Thr, Vall63Ala)
B TIERRAS DNA 2 v 7Y 72 KOG L - GFP #n T LV R HLLT GFP, KRR IEABUILD
JbiEEsh =A< HOETRED R,
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10-2. pGLO #FA3IK DNA DiEji

AU 55 936D GFP G F-%& & T2 pGLO 7' ZAIN DNAZ, <M bbh T& o7 FAIN
NI B —pBR322 &N —AIMELIZ, 2T, pBR322 7T AIN DNA H B3R5 77 AR DNA
ORI XA ZOED LIz, KB D77 AIN DNA - pMBI1, R1, R6.5 23545 % ori amp' tet” 73]
DHISHL, pBR312 23872, 20 pBR312 75 pBR313 Z#% T7 7 AIR O X A3 2
LIZEY pBR322 2MEBINZY, 20 pBR322 O tet” LU DAL A B R E ., araC Fi41 L pBAD 7
D —H &4 AL, B HESE SN2 pBAD LU —X3589 5%, pBAD 77 A3IRIZ GFP s+
BV T ra—= 7 UTEES N7 T AIR DNA 23 pGLO THD,

R6.5
‘ﬂ
. ‘

e y
amp’ tet”

*

3 .
L3 * 1
S *

a4 A
PBR312 BR313
“11kbp ) =D == | B on | == pﬂeﬁﬁﬁ
N
4 A

N
%\ ‘rac \
~ pBAD
~4.5 kbp
$ \
@-\ cDNA

pGLO clone
- ~5.4 Kbp GFP

BAD promoter

ZE IR

(1) pBR322: Bolivar F et. al.: ”Construction and characterization of new cloning vehicles. II. A multipurpose cloning system.”

Gene, 2, 95-113. (1977)

(2)pBAD: Guzman LM et. al.: “Tight regulation, modulation, and high-level expression by vectors containing the arabinose

PBAD promoter.” ]. Bacteriol., 177, 4121-4130. (1995)
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10-3. B HAH7h = 8 D VB

{ZDOWNWT

OT A7 TV — I s fagh =

BLFIATT)—%ERL BEDEEFEI/a—= 758 D B&EDTAT7Z)—DNAM
5. WLl Dan=—ZEbE TCAZ) —= 7T A0ERH S,

/ A

AAAAA: - A

I 0} 1 1 14 g mRNA (polyA RNA)
/"'\/‘ AAAAA- -

mRNA (polyA RNA)

5

AAAAA -+ A-3

3-TTTTT -5

AT dT FSA3v— - BEEREER

cer A3

@ 1
[

AAAAA
TITTT -5

DNARYAS—+ .
RNase H *Ecoli DNA JA—+

AAAAA _3

«— |f—]|—

TITTT -5

Do h—o 4 meRIREERLE

pnans ke 3

3
l N B DR

-5

( ~J5—DNA

) ~10 ng cDNA

KEE~DEA

mRNA (polyA RNA)IJﬂﬁ'ZnDNA%«f?‘%U—

cDNA T4 7 F)—D /R

FRE OIS R L 7=~ A7 17T LHALO polyA RNA ZA Bt L GHIR GEREEZ W TIA 7T
V—%AET %, 747 TV —1ERUTIT, 00D TRARLT-D A&7 DNA &%, 7 /774
Hifr L7022, ZO X570 8D DNA CRIGEAEEIEHISE, TELHEITE<Dan=—% RS
HHZLIZXVEMOIa—  ISAI)—=0 T LR K8 %, T2 T, BRI N EET /0D,
WG T (KBHE) £ % — (FFAIR DNA) EOfAAK DR, BN BT M a7 Y
THEOENCH G R R KBRS R O @ R &2 W TERT 5, M, E5BRICH
W7 ZAIR DNA &EFE S zan=—EnbatH L, 7 7AIR DNA O 1 u g THEESILH=
=—% (colony forming unit : CFU) Tk #%4 2,
7B, IAT IV IZT 7 — PR E—H VDA B,
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Bl Z1E. pGLO 7T AIRDNA 1b—7 (9110 ul £ 0.8 ug) T, WEliZERLY1T-
122 AT L —RY720 190 fHOan=—NE RSN ET 5, ZO5E | IWEIRSZRIT, 1.2x103
1/ g 7IAIN DNA Tho,

2 B ERSh 3R
250 (1 TF soln.

250 (! LB broth | 510 ul
10 u | pGLO soln.

TL—HIBLE-EORE TL—tEE=YDTSRIFE
00 o0 fdeg=016
510 ~ C HETTIDKE
1900 _ ,
016ug 1,187 =12x10°3/ug

TSRIR 1 g H-Ynan=——#

OB RN =R O E

T —hYDITHIAATE FFAIN DNA frlan=—o BRn LI EE iR e kb5 2L
INTED, TAT IV —DAI) == T T ZEOTV— e AT Bfian=—Z2{ELE i
DD D, Tl WEERHAERN, 10'~10° 8/ up 77 AIF DNA D=7 Millhd O
B WD, RIEFRE ZOL5a v T U MIlEZS bW TERLIZIGE | Foan=—%F
HE DO TR 7T AIR DNA £, 1/1,000 2>5 1/100,000 T3 3¢, [X 16 DDA TIE,
TR BN ZAN 3.2x10° 2/ u g 77 AIR DNA 7251F 30,000 =2/10 2 g 77 AIK DNA THHDIZ
U, TR HEHAZN RN 3.2x10° 2/ u g 77 AIR DNA 7251F 30,000 =2/0.1 u g 77 AIR DNA L7
%o ZOINIEEHNFEO @O BT Mg ViU, ng BAZ0 DNA ZAHE CEUE
APV —= T NRIEETH D,

MPAEIR 5

FERRIZHWZRIBE DI BT ZAIR DNA ZEIAATE KIGEDPE NS OO OBEE TFET S
IEHEETHZEG ATRETH 5,
KIGE LT T AIN DNA ZALIAAIEER IR OARRSN L an =— 2B ST 5 & THHAATS
IR R OKRBGE A HEE TE D, 2B L — N Y 7= DITEE T2 B (B S A+
IR DRI 70 D) it L, ALIAATE KIGE DY HE OFREDOBEE T FAIN DNA %
HAATE (FEERASITD) KIGEDFEAE T D0 HEE TED,
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250 (| TF soln.
250 (| LB broth 510 ul
10 1!l pGLO soln.

Fai—THEHY
—JL—rANEHK

BB fan=——%
TL—hEmEH

HHANTE T 2 —T PO RIGEERE — E BRI Z R L7t  JUEMEZE F20
B L, 58§52t Can=—$nbF a— T NOEREH TS, Fa—7 NOEK)
S L —MIBMUEE B A AL H o n = — L T 5 2 SIS KRR O S A
WE T D, TR E 2 E DL 7T AIR DNA S KAGHEICEDA ENDHE TR L Calin
W ED DD,
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. 1. WEISRR L —hoan=—#—520 f#
2. MBAATEF 2—7 OFFRIEOan=——x10*: 839 {#, x 10°: 36 f#
1, 28BI2 1 BOT L —NMIHEE L7 FE i IE, 100 11 ThH D,
T O RE AR TS,
an=—HENETEH7 L —MNE, 104 10° L& 25605,
(RWT L —MNImar=—H3 L3 & THIE TERW, £z, W7 —hoarn=—Hux 10 EHLL
TTHYAFHEMEICKRITS, ) 22T, 389 ff x 10*= 3.9 x 10°f#., 36 f#l x 10°= 3.6 x 10°{#
¥ 3.8 x 109 (7L — b2 E$K)
SRR LT AR IT, 520 fE CHDHIEMNG, IEHRHSEE KD D,
W HRHAAEE (%) =5.2 x 10%/3.8 x 10°= 1.4 x 10" (0.014%) THD,

10-4. Lysogeny Broth (LB) 5 #r* g dl 75 %
LB ML, BECTED, B nb B AIET 5051k A5 iy RETEAN T2 5 1ER & D,
*LLB 55 Ho> 4 5 - Salvador Edward Luria (1969 4F/— L 52 A H2H 52 B BF 42 22 D Giuseppe
Bertani R LT 77— DORF L LT 1951 R ITH A L7272 Luria—Bertani EFEINL 2 Eb 05,
OO 2 515
Bacto-trypton, Yeast extract (% DIFCO 1) NaCl G 4K58%) . NaOH GRHREHR) . MR K%
MEL., TRloZiE T4 5,

200 ml =753

<« K 100 ml
<— Bacto—tryptone (DIFCO) 10¢g
<— Yeast extract (DIFCO) 05¢g
<+— NaCl 10¢g
v
B
<+— 10 M NaOH 10 ul
JEEXMRK 12¢

ke

F—roL—7J (121°C. 20%5)

ik s

LB X 1

HE:NaOH 1312 72 Th R, IRIREG AR T 25 B I3 K R A2 I,

66



QI R DR 571k

FARLE AR A . A ABRIIE LB B[4 A= ) 72135 LB ZEREE T4 4= | (100mLx50 1)

LB 5T 2 A= 16 (2.5g) 1ZA AL 22Kk S LT AL K 100 ml A0 % 18 #01% , 121°C T 20 43
A —hL—TWE T D,

Z DAV BRI

TV T eI F R A GREERRR) 30 mg/ml (BIE K)

TIE /=R TIE ) —AGRIEREL) 200 mg/ml JRE/K) (73 :DEIEAH])
TV =N T TAF I T U— AN, T — MR, EOIHRRKESTH IR,

10-5. A —hr7L—7 DS OWE 515
CIszER I (160 °C. 1-2 B
LA g O, FICH T AZR B OE I WS,

O K 2SI
kf‘rﬁ%z%siéo H4: H O EH OB WD,
B

0.22 p D=FEENABT—RT ()VE—T/2 8 TR EZ ST D, A — L —T 12T BN ILE
TG E A G TR OWEEE (FREE) [IZH WD,

OH AW

i%vyz‘ﬂeﬁf%F‘ﬁxf%?ﬁL%iiﬁ“é BCGHNTTAF v T —h (RYRF L RoR) = F
LD ORE WD, W% OV ECTTIAF 7O %03, TABREHFESN TOD,

10-6. #A#iz DNA EBRICBILMEBEL XL T8

WA & B0 TR, FFEMAE O CTHD, ZOT-OEFEBRELIT, FE5R R~
DOIREMDPNRASHEIRNZ L BIOERICL LW TWAIAE ZMTITRO SN EZ B &
LTW%, bbb EREEROZE R T HOMIEITIRAL CWHE, BIZIFMo 7L —MTAE
ZCOWBHE DAL ZI% < T I MR B EA T2, IR ED 2O 1%, EFROIMN
RNV WEMEL T DM E DN DD,

—77. DNA-RNAZEOHH L&D HEEFAEIL, DNA-RNADZEVEICBI DD DN A iR 5%
(DNase) S°RNAZ; il 5% (RNase) 72 & OFEE 3 fift g 2 (X717 —F :Nuclease) D 8k R ~DIR
AZPCLTEN A THD, ZOTDRICEEEEAE TOEM DIV D LA L DNARNA
DHINDEE TIF H IR RN 2D,

X7V T =BIE, ML T T, B, K, IZITERE OMER-CTTOHIRAT D, £2
T AT REEIT AT — ML —7 (REAK)RE L, SHIZEDTA (DNase D356) 728 DR
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ERNEMZ D, Fo, HERCTTF OIRAZ B T2DIRPUTIR U~ A7 R0 R R 55 5,

DNA*RNA ZEWRHEFHR T, A — L — T IRECRR OGN E 21 T7057-0 | #ER IR
I O BEFEEIEIELTWD, Ll BRIEE-T2KBes, b b AA, AEWNa 237
X, ZOBAEM DLV T -ENa 34526 HVR DT, WEBIECHMEMZ RS D
ZEBMETHD,

BB R T VRIROIRE NI, A — L — T BT AL 2 IR w W ENET 2
72912 0.22~0.45 p m FREEDRT A R%H DT 4 VZ— T8 A B L i (ERECIZREE)
% (HUEPEH) o ZOFHETIE, 2273 ThD DNA iR RNA D fiflER1%, 7V 4 —%
HoTLEIZH, DNARNA ZWHGEITIT AR TIE2 w0,

DNA-RNA #itH CHWARERIL, miiERLOZ WD EELICA — L — 7 i LT AR TR
IZIRRL . TEDF IV T-BDIRAZ N5,

10-7. FEBRIZHWDKIZOWT
OKE (H KRN K o8 ROV - HOBHR R BRI L DWW B B B A @0 KEE 12
FoTHEICHAREIN TCODKTHERNEHEL TD, 2EOTREHTHWDA, itk
X, FOBRDOFEBRTHWDL LD KEH WD,
OAA L IR i A K (R BE O353R | A FEER) KB KIS A T A IR 2 &
DAF L DFRESNTIKTT, MgReCat A DL EENHMAREZ HODERIT, 788 L THobAA
VR IR A LIITI D, MR OB EBL T 5, B Tl A — L —7 AL THWA,
CIZEREK (BAEY OFEE | AALFEEER) (A4 28HK | KT KE TS - KL LI ARR 2B H T 5
ZETHRBIIIK, BT A — ML —TREL THWS, IEPUE: 1 ~3MQ -cm W FRFE,
Ol (Z o 7 fig T 25k | Ehilats 2, 55280 :Reverse osmosis(RO)FEALER MilliQ
LI R A AR O B A W TAA &R EL, FIEHTE 1~ 10MQ -cm
WD KD EEND,
O#HiK (DNA Z7u—=2 7 EEr B O 3R) A4 v 2 Hafsh i AVER | 15 M g LB
Reverse osmosis(RO)EALER S A 7 & o TR S =K, FEERBUE 17TMQ - em @ L) L,
I HIRPUEO W THARERTRTZELHS MQ cm)™' = 1 S/cm

0¥z DNA EBRCHEHTAKBE RS ME 053 Tid, AKBAIZEENS Cl R Fe REDA
A EBVERE A —bL— TR T AR KRR E K TIS ThD, Bl orE 4
72X R FE LS | RIS E ENDE R I E DR BE S TR TV EEEE TIRMIK F72 138
KEWFEL T2, 2 DNAEEBR CTHY % DNase X RNase Free (5 F720 ) J# K,
9000 [J/500 ml F£J& T H AT —2 78 K A— T — B HIREI TN D,
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