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1. [ ZLHIT

BEORIC a7z F25 ) (% DNA EER) 217oL& EEBREIEO KBRS B TIX
7R, AERED, FEBRZ B UEMII, EMFEICRBITAEAE THHEL T VRS < (DNA—
RNA—% L R BRI R TR BT O A Z LS ZEN B THD, HEETTIYS
A BB TR R FEBR O RO IR FEBR & LR L2 3% LD /S AT FEBRD BRI 72 B 2 5
EDITIEIZE D DAV R TR 2 RO L 2 FECFEEM B GBI OV THIEE T D0
BRDD, ZODXIRHEEZ T AL ST B R T X FEBR D FHRBRIL, AmBH 7o H
S|, R SHBATF OB DR L70572 5,

AHHE T, BB TFHBERONIT AV ERECTOBIEFEE ORES | FIZIEE T
Z EBROJFHEAET LT 14 , KE O @i TIRE DI TSR B " Biotechnology Explorer”
(Bio—Rad laboratories) Z V>, ##Z DNA 53 1% F\ = RIG I O T E dii#a 525k GB AR 1L 2
F2BR) Z AR T D, FT-FRAE FHE | EROLLE B, PEIEMILERF LD TR EF BT
WTHEET D, RFEFRIT, DEIS TR AW EOMEHEDOBIBINZ L D4 W D AR MERER 2B
FTOBERNTES AT BB T T8 Th o, AFEBGRIT, 2002 FGT SRS
[%AHa % DNA SEBRIEST ) CIXM80E B Mk Z. DNA R | L ESNT=b D Th D,

”"Biotechnology Explorer”{Zi&, 2 HFIE, 45 BIED 0 Te< 50 43 AL TREN TEHIOI
BEMTXAN, AHEHATIAN MR T AN EOREFMIC LB ERINETEENTND, Z
DX b ClE. AU 775 (Aequorea victoria) \Z & ENHiFk a2 737 E [Green Fluorescent
Protein (GFP)]DI&EA5 % KIGE ~E AU BRI T 52 L TRD RIGE A 1ER 32 EBR R 2
AL TW5, BRBIIZIE GFP OB s T4, KIGE 7 7AINO 7 mE—4 (PBAD) T HtIZHLAAA A
7% 77 AR DNA (pGLO) 2 KI5 K12 (HB101) BRiCE AU E st 45, RIS R s
ENTZRIGHE KRN T, GFP i &3 S, GFP XL VB EELED, T THURIEIRE
BLESNI=EDDNE, ZORBGEITERSINRA Y THOCIC RV iERE 35, BRI ML ER T ' —
XTI ) —AFRar 07 aE—2ESEH W TWD O IIZ T I8 ) — R TIN50
TR PR BIM IR T&ED,

ZOFyMNT, ERICHLELRIE R E - TR AMIE TN R TELOTHHN, EREIRE
DS THE BT, XM TOEEMEHTED TIIAaL, ZORETEEICHZDLNEZ A
2L, REDOTN D TRAR THABZ ERA A NI ANDZEN KU TH D,

KTFFRANL, EBROTFaba—L EEREFORALMNEND TR, BERELRLNCBEE
BI ZEDIAA THD, il THROAT X ANREMIER D BB UTENTH D,
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H &
1. [ILoic p.3

2. ik FEHTE p.6

3. BIn FHBLHBEHHM p. 7-12
3-1. B FHFIZONT
3-2. KRENZEB T D AA P L ER DI R LB L HH
3-3. BIEFHEHH 1~ Biotechnology Explorer”

U T A~7I3532 8 I EEER TS H Th D,

4. Biotechnology Explorer 7% AR V- 8B REDOFEIL  p. 12-14
4-1. W BRI ZEE (i () 3 FF[H])
4-2. BIRFHZNZ OV TOERLFEE - [HE (50 7y x4=2<)

5. HE BB X RO Rb PiFER p. 14-30

5-1. BI5 7 LR O E T

5-2. DNA Ot 1E

5-3. BURTILRS v laR U #

5-4. #A#iz DNA

5-5. fill FRIER L R

5-6. Green Fluorescent Protein (GFP) &1

5-7. 77 IR pGLO D&

5-8. 7V (Ampicillin) & 8 7% ~-1E (3 lactamase)

5-9. pGLO 7*Z7AIN DNA BAKIGEIZI1TD5 7 E OB

5-10. 7ot ) —AF X L@ -5

5-11. 7o E—XES| LB -5

5-12. KIG#E~D&E(s 8 A

5-13. #E B W s 1 SEBRIC S Ml 2B L COHE A
6. EBROUEfE  p. 30-36

6-1. FvrOHEA

6-2. ZREDOYE(R I 7L — o (i

6-3. FEERH O



7. BiIn A KR OPE ) p. 37-50

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

8. LD XH7e%

9. ZEXE

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

10. 2E&E}
10-1.

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

FEERBALA OREFRFIH
ES T WRiA

FEEROBAL T
EBAEROFELD
FEDHDRALB

FEBG S
FEERIE T 1 D BEEEY LR

¥HBIRON p.51-52
p. 53-55

ES T NE'AVASY/N
K E i S R A W S R

Be58 URL
p. 55-69
7T AIR pGLO O HBL S| L& As DX X7 E R

pGLO 77 AIR DNA DL

T HR BN 2R TE D BN Z DU T
Luria—Berterni (LB) £z il )74
F—bIL—7 LIS OB S5 1k

*HHE X DNA BRI DR B EE XL T8
FEERIZHNDKIZHONT



1. RKEZBT 2B FE8E
2. BARFHAHZ FEBROD LT
3. BFE HIBA R X FEBRITHE DB
O 2B
OFEBHEED=Y
OFEBEEOEE A
O“Biotechnology Explorer Kits” 73 ADA# i J7 15
H
. RIBE ~D GFP AR DEA LT finthh
O SEBRBA AR D Y
O WHEHER

oM

\V]

HH
o LR
1. IR T — 2 DL E 5
2. EBRO Y )7 ik
O F2BRIC B o - 25 2D YE(i
Oz Hit - FFED i
O FEBRA O Wi
3. BEFEM IR S5
Off AL 28R - 7L —hOB#
4. BIBFBEREDFNM S 1L

s

e

1. BRI R OB
Oar=—nH%
ORI RIS 2L D GFP J HifE R
Oar=—%OHE

2. TIE ) —AZLD GFP i -3 L FEBR

By, 1

B

=
il



3. BIETHE LHBEEBHM
3-1. B THE P IconT

BIRTHELIL, FEE BT REICIV AR PR T 2 BRSCBE AL T E Th b, &
MBFELZNE X ZDBIGA LFEREDAAET 7 /oo —%, 21 o B L Vbt
% KAz DNA EBZ S Lo EmAHFOREIT, 2D DORVEE XX HE WA 2 ITEMEH A~
D BLRZE 31X 0 TR, RO %% (BT O LM AR BT b5t Famt AL,
B OERDPHTHL L) ELTHRETH A, ZOIH70H 5 TR THE OB EMITI S~
EES TS,

1 RO
BIRTFHE. DNABE ., ~AMAT 7 /00 —8E AP EE L ACIORER THEDNDIEN S, AR T, fnzn
PAEMMEEBEEEICED TEETILELH D,

ZOIORBIEFHEOEL BRIIE, TRROAADOIT IV —NEZ 51D,

O AmBFE~OBEE T EE (PR @ TR

FWD LITN0 T EE A B U Al IR A2,

QOEEREMBIFHE

B DBRI VBB 2 T2 B 20 (Advanced placement (AP: K[EH), A—/X—H 12
ANARY =L (SSH: BA))

@FEBE e - BT E

FEROMA ST AT, 7 — 2 DRG0 E O EEREA 227,

(BB 522405 C 0 Technique/Technology & & 45, )

@i REEHT

PAFT Y /0 —RBAnF LA HAIRIS T 2R LRH AL D B DO ERBHTHL L DY
773 —#E (Science literacy, Gene literacy—Public understanding (PU) )

3-2. KENZEB T D AAHehfr L ER DI R LB HT

B THEEB 2D LT, E@mEl e A AT 7 ay — i ETHLT AV ERE DR IE
HDMENGDD, KETIE., FIZE  BEEE BT D EMELF AT T 7 /0 — DI RBIT RN
BB TFHBICHT BN DB2INTE, TORREL T, A FOEEM T OS2 F 7
B B B TR S LD I T TRV T 73 —EL T Gene literacy BE DB FARBE T
B ANBILTND, ZOXIRBFEIZLY BN H A BB O K5 KPR
T i B 2 RETE00 T B FER NAAEZEN, HTRIZZ T AN (Public
acceptance) IV CWKE N SN TET-, £ T, KEIZB I IAMAT 7 /0y —DFEJEL
U PR E (BT D8 s FHE DIE L 2 kD T 5,



3-2-1 BinF LyHdli oA LEEZE DR

1970 AEARWIEEDREE % DNA FEERFAT ORI BIAEE TO A A FAfi O RAPRD THD,
D1970-1980 4EARFTY: (Fr—=t e o —F U U T DREY)

FAHLZ DNA Hiffiz b E LT G T TR L, ZL<OBIB T a—=0 7 Enbedd
(20 A A FEZE OB AN BREE S VAP RAI DS 2 HAN CIER SR 7=, F7o, M Al
WO E- T2,

@1980 H-A01% 1 (I — AL ia - OF|H & PCR {EI1285 DNA FEHTOFRY)
FEA 2 HAR X0 T2< PCR ZH D EUTZENTEIN O R IZXED DNA 8E7E ., Bis -2l Eis
FIRIBA~DICH N E ST,

(31990 AL (AR [FIEFALFE (High throughput : HT) {WIZ X A8 ZE AT O IR
U= B TR T S 2 B U 7= KA ) DRAT AR DS NT L < D LEMIZ BT D7
ST a7 R LU, £, B R EYE R LB O AL e ST,

@®2000~ (ome F7-I% omics DHF{L)

IT Az AT AT A T 4~ T 47 ALV AR E OR B AAE AR ~DbivDd
FoZleoTe, 77 MFIND TR BN TER G ENT. RNA 2R Z2BDHRNT AT T h— A
(transcriptome) . R LT=H L VB 2iRk%E 757 07 34— A (proteome) . HRE PNACEH BEY) 2 14
ZfFEMT 9% A% A e — 2 (metabolome) | ZEUR K% L5~ = /— I (phenome) 72 & @ fE I i AT
FEEZ RO TAEME T AT LELU T ARLB D72 SINAD | AR 7O BT/ ES T,

ZDIDNT, 1970 LI, HERD @I D EMF2 WX - AV FORNP TECTEZ, 2
DI OBEITHESL, 1980 FREIVKE®EFRIZIBIT L85 FHE OO A b6 E
0. EMTFOFLNE X FEFROPIZIDIAL ) EWVOBENBRY EANoT, ZOHE DO I,
K AR B OEHE SR K [E 225 TR DR 238~ 7=,

3-2-2 KEFESARL TOBGTHE OBRO A

D1980 4E~ : FRE D AW S L T4 TONA A FEE DA IR E %

B HVX 2T ADEY LT DTONRAET 7 /a0 — ORI H DX v 7 DIFEE B
B CE-STET, EmBlya BT AL —Mitas AL b A

ETONIKTH T VTTL—) ELTCONRAFT 7 /0P —8E B in T 88 O S E
Mo Xy T ZWDLIO DAV 2T LHAEAIET DMIED )TN =T o8 S AF REHE
R U HIR OB Z B O D EORANZ R AL,




@1985 25 KEEMIEH Lt BRI LD KRNV F 27 LAOAlE

KETIE, SERBEPE R EZFIH L TRFE TN —=0 V22 T B0 % % D, 2D
o7 —=2 7 O Stanford Univ.72E Tl @B E DB BN —=2 T P ehFE-7,
FZ ., BESRED advanced placement (AP)7' 22T MIE LB DN ANS7=,
ZOR—=2 T OHC, @ik RFHE EHURAE 3 LA (BE LR OMGE) 236 77z,
RPMFFEE LML DBHE D HZ OO RFOH T, mRBEE DN —=2 71220 T,
OB RALNT,

@1980 A1 e WV 27 LBHFE
INAFHAOFREEEL T HE L, EMA RO B LEZIUTIE SIS HIFOHERE LT EH O]
i | CVVIERER OB LB HB DI 2T ARSI LE OB R IMEES GO,

®1990 4F : FEFra 3 Lo B OHetE

HIDO“DNA SCIENCE” #RM EMER Sz, Fio, BEMEDBHENDO LI TWDEM & V- HE
HEOREH % DNA SZBR T, BFE B ICVES 2 NIH AR T A IR THHEOFRH T, 5=
BB Lo s B ST

®1995 4=
DNA SCIENCE 73”National Science Education Standards” (Z &
Z® Standard 1%, A AROFEFEHEL BV ART AL LD, ZOT=02EE1XZ0 Standard 25 %
EURR % B BRI B O EZ IRBAL T D,
TR FBREPSBHIRS L TE T, DNA filHe L R IR P EVIA ENL T DB O
AP 777 ARHED TR AN E S 85,
Bio—Rad laboratories #1iZ L2185 F2H 2k~ Biotechnology Explorer system® (Stanford
Univ. 2L [FIBHSE) A5 B 4R

ZOINTKETOBGTEE OFRIIE, SR (ERHAE) . KRE BELOBEEENTEHFH
g7, 2O, ERAL ﬁﬁ“éjﬁ?ﬁ BETORR & RHE 7 077 A6 T T\,

3-2-3 KEDOBEFHH ORF- 3K H) 4]
(DBay area biotechnology education consortium (BABEC) :http://www.babec.org/

P TTL L AABHD DR {3 B HFREE L HEAT RS NS T —2
Tay e BARBIZFERL THD,




@The University of lllinois College of Medicine at Rockford

Pierce thEILFTHREDA L 2=y T T 0r T 0% 1992 FLVFEML TWD, BIkBEFIH]
LT, @B AN R ARZEITT, e RFPAEITEECTA o F— EUTHIRICHERE T2, 3 # H H
DR REFEENEE L, EREITIE 3000 RAVOBREER TSNS,

T~ AR R IEET —~ DB, BT T e AIEDRSE - B OB R
FEEZIRT 3 H TEMTEONAE Thd, FHIF CONIETHLT20 , A ELYEL, HFFEOHTH
P (10%) | EERNEOHURL K5 O 2 USSR ORE (50%) 71 BT —avde7) (40%) T
BB, WAEBIT. REEE | RENTRERE YD,

KR E
B0 % K

Sponsored by

PIERCE
BIOTECHNOLOGY, INC.
and

THE UNIVERSITY OF [LLINCIS
COLLEGE OF MEDICINE AT
ROCKFORD
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3-3. KEDBEMLTHBEHH “Biotechnology Explorer”

BART-ZE 2 I T D8R B BRI RERE T, 7 AUV AKETIE, Z<OBIETH
BHMPTTIRENTWD, ZOHR T, FFEEb LW =T -%H Dk 23, "Biotechnology
Explorer Kits & Curriculum” ( Bio—Rad laboratories #1#/%) TH5, ZDF v NI, 2 AW =Fik
FACBDLZ<OEBRFIE (K 1) B8 N TR B L LRI TV D, T, Stanford K5
DERBEEBET nI T 05552, LA THS Bio-Rad laboratories M4 (Ron
Mardigian) DSEL 727077 5 CTHY, K[E advanced placement (AP)7'B7Z AZx i L7z 8 5
ThD, Fv ML, T 225 B2 BTl T EEHFEMICEEL TONYF 2T LE04E
MR~ =27 /v | R REREOME REN G £ T D,

“Biotechnology Explorer Kits & Curriculum”
E: PERE Y MESOER N BIMENDZENHET,
B inHh GBA s A% FZ8R) : Biotechnology Explorer Kit 1
pGLO™ Bacterial Transformation kit
R X ORGSR GBI - #H % FZHR) : Biotechnology Explorer Kit 2
Green Fluorescent Protein Chromatography kit
SPKENC LD DNA AT
Analysis of Precut Lamda DNA kit
B RUKENC 1% DNA fi# bt
Restriction Digestion and Analysis of Precut Lambda DNA kit
DNA # 5
Forensic DNA Fingerprinting kit
ya—=27 (##z DNA F25)
Secrets of the Rainforest kit
T v S B
Size Exclusion Chromatography
PCR & DNA #7F
PV92 PCR Informtics kit, Crime scene investigator PCR basics kit
B ™A IRAT
Protein Fingerprinting kit
ELS* /2 DNA fifit
Genes in a Bottle™ kit
L
ELISA Immuno Explorer kit
2008 FrHl 5L : Microbe health kit, Got Protein?™ kit, Comparative Proteomics kit I, II ftt

W

i

i)
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BizFoO—=24

Secrets of the Rainforest Kit

Genes in a Bottle Kit pGLO Bacterial Transformation Kit
sch Je—
SEE TR BT S
DNA Fingerprinting Kit Green Fluorescent Protein Chromatography Kit

PV92 PCR | Informatics Kit
Chromosome 8 PCR Kit
Analysis of Precut Lambda DNA Kit N O o RE 473
Restriction Digestion 9 ~/\ 7 ﬁ ﬁ* *ﬁ
and Analysis of Lambda DNA Kit

Protein Fingerprinting Kit
Size Exclusion Chromatography Kit
ELISA Immuno Explorer Kit

X1 BEaF THREANICR T D55y b EN T
B M, R T T V0 T AW R (KR T2 B L0 IS T 5,
R HE XY MM EZOEEHE AT 28T, EERERTED, UL, ZOF vy NIKED
AP 7alZ ARICEGHSITWDT20 | i MO NE 728 B ROEZEIZZ DRV AL S5,
ZOh, AARTX T 28, B8 B EPEX T2 ONEISE T HENZF v hOFEERE T
AR DD,
TRACEL T HEHS Y M HWDSE DA N2 1T ThD,

1. BRI B ER T EN TS,

2. KOG TeBEHECHRE TED,

3. [EBIOFRIERE A A2 CdhD,

4. ¥ BAEE A ISR ETED,

AHFHE Tld., Biotechnology Explorer Kit 1 Z W& s EEREZ1TH, UL F4~7
TEIZIE, o A FEBR Ty - B SEBRYEfE . SEBR T 1A BEEEMALEE A~

4. Biotechnology Explorer 2 M FU = EEEEOF N

[pGLO NI T VT AR THHZ v b2 V- 20E B B DNA 2RO g £ Thb,
pGLO I TVT G TR % v Biotechnology Explorer Kit 1 (#7412 No.166-0003JEDU)

#3E : Bio-Rad laboratorieshttp://explorer.bio-rad.com, H AR TOMETE: /A4 TR FHRTR—X (k)
H:2007 5 ARLDHANSAF TR FRFTN—X(BR) Lot 48
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TRORLIZAA—VHuL, R IpGLO A7 U7 a iz v M HE (U422 No.166-0003]EDU, i
E/N—T32 M4119 0507D) 22HDHDTHD, Lo, [AFEOFEIT T E AR INIENH DT, _—
BUTHRHE A=V 2 2GR LT v MEA OB 0% FlNS,

4-1. JPE R ZEE (i () 3 FF[H])

EBRMART 2 B IR - 2R BRSNS A A~ =27 VMR AT OMEREAT),
SeAEH~=aT )L

D FEHE DR - 25 HAE (i p. 3, 4, 11-18

B R B p. 3-4, EBRBAAARTOYE(H —E p. 11-12

FERT L — O (BEA) :p. 13-15, AZ—H—7L— O He(i - 5T  p. 15-18

Q5 AL Z SR - BRI - B E RIS OV TR - FEBROAR A Mige
BB R TR % p. 1-2

ZOFy A T DIZH 72> TORA M p. 5-10

B ~=aT VORBEE 2 (Y4 ) (p. 23-31

S EBRBER S 7 A FTAR | :p. 19-22

ek p. 51-69 (FFERNE A A AT 7 /P —DREH B: ZOF% v M H T HFEDfEL, C: 4y
T O BAEE R, DR BLRE, E: 3 E 30K, F 80F H IS FEHZ EBR I IC S T
DIEEFIH)

B ~=aT7 L

Lesson Z &R0 « A7 15, SE BB CRERLS LTS,

Lesson 1 BE{BFHHLZ 2D\, BRI p. 32-35

Lesson 2 Bfs 7 ASEER, B p. 36-42

Lesson 3 7 —XDINEEL 38T, B p. 43-46

Lesson 4 #%% p.47-50,

H:~w=a T VDT v 77 —RIZEN_R—T R S D BB R0 ET,

4-2. AR FHAMZ [T DWW C DR FEE - 18 (50 4y x42~)
FaAIZBITHEMNEDOE & RT,

12~ H (Lesson 1) i@ fn 2 IZ OV T GE#) p. 32-35
TELO 5 HHZRKVIAAT %,

FAHLZ DNA SEEREJFEE (1 32 - 7 & —)

FHHLZ DNA FEERO BRI (FBRE - P H1E)
FBRO#E R 1A

BT RBL NI AVR S~ (DNASRNA>Z L /8BTS

CHCECONG)
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® FHMEOMAAA (P T —F— FHEA)

22+ H (Lesson 2) :i8fn FE AFER (5235) p. 36-42
pGLO |ZL DI E int - 5584179,

3z~ [ (Lesson 3) : 7 —ZDILE LM () p. 43-46
an=—OF 8, BRI IR BREGREIOM M AEE X D, CEVERIIHT)

4= H (Lesson 4) : &£ (JEH) p. 47-50
AERE L D L LG I E iR R 2 W E LR 35, (GE&/RI704T)

2T T GG - 158 - T L,

s DS O— B T LT 2
FE8 A ORI AN T2 L RBRICERL THHIZE
T e LR T A ATy a LRITAPE DI 1% 3

5. EBROW 5oL T Ak
5-1. B TLHFEFEEHOAET

ZHELEE T LAT, BRERELIEOTHAI)?
ARG OMRIAE, AT kL -~V T TR b, MR o Y i E O TEL B
ANBNTZ, D%, FEN THEER B2 L QWD E LSO E (B3, Ve | TREWE) Z2HhH
RIS DR AN SN0 B NICIEIE T 22 B ORHHIX BT D8 L %<, Hiz2
OFESHD T BRSO N G A TR T 25 B DT WD 72, £z,
Z N E OIS UL, FAAE RS DA B AR NE b Ob o7, 2072, #
NG BERERO T OTIERL DNA ZBOH L, Z O REFF OB T2 5508 5%
EEZONT-, ML DNA HiABHRESNTZ1970FENS Zo BT ST DI InF D5y
FIa—=U T RREANATIR DD XTI 5T, Z D% . DNA FRHTHAN-OM 28 OEAITE BT S
. EDEMDEL OIS T ERE G Te7 /2 DNA HEEERS 2R E T EF (F /A7 ey =7 k)
DHES | IHH CHLHEE T EMEEIINC RAZENTELIIITR->TEZ (X2),

DRI O RO TIE, BAS 7 LA, BEREAFF DX L SV ERRHT OUTIE ., 22k el
TENDLH L RV BEOBIR T H/a—=0 7 RN T 2% &% 05T 7o, —J7. DNA fEHT 8%,
AR BRI AR T DA B - ZHURHTIC L DB AR T2 DNA RIS HAFIE T 240K LAL
FIOHDIK AL E T HZEAF A LT AN E 70 &2 0 J7 15 B RN E AN 0B IR S
T3,
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HAE - fR s oD Fs RE AR AT RS £ )

Il
HRAEEZ SABIL TULNB A N BRI (AU NI EES)
éto%awwﬁﬁﬁﬁ*ﬁlilil*;ﬁ: 1950-604F 1t

BN EDEREFDEGCFOENTGEEFIE)
FIL—DT 05  TOR)IIEHRELTDEN
1980—ﬂ90¢ﬁ

BN EORBET (TOTH— L2 BT
QD/JQ_’LJEF'E%EEVFF%E*J? 20005 ~

R - RN (T /— L VAT LELTOMA)
TORILMLT 0T HIBERERE T~

X2 AmEHFEOIRESBL T T RONMNEBER T
BRI A RDEMNE, 5L~ EBL T LT, 2o OREIE T RDZ END BB TR D8I D
U Z o P T B ) BT B AT He SIS - OB RRAORRAT 1 SO RII 4 T F% Ji 1 ~HE AT

WD,

B LPERIT, FEOEEF/r— 25808 Frr—=7 foiicru— Al
B AMOMBIZ ANSEIZ A, BISEIR T OSR BH I E G20 5185 7T
Wb (K3), ZNHDOEBRDIL WD R DNA EBREMIINHH DX, Bs F/r—=
b NIBIn FEAER THD,

Biotechnology Explorer v hTld, AU 7T 712G DA 737'E (green fluorescent
protein: GFP) DEAx % KIGHE O 7 0T —ZBlFZ2H D7 Z — | A AT 2. DNA 43
ERIGEIGEALURIGHEZ B EEHR T 5, ZOBE, $HICRBFEME L INZ 52 TIOKRE
T GFP 2T IZZ &2 5AMRIREHIC &% GFP DAL K0S 32,

CORZETIT, MR DNA FEEROFELLEET 15 M2 DNA FERRZ T 2BRDEEN T
&, A b — )V FEEBR LTI KD RO R L, BinFRBLE BRI AVR T < B
DA A2 F ST ENTED,
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BinFoao—=29
BIEFZ14735")—(cDNA library) M5!
—SRY)—Z Y SR EEEFOIE—1E

4 4

BIEFEA

$Joo—=24

B FHE

v 11

FIZERE
—>FIRAINIE DS
B FAEN GEEERS - EE/ SR
DNA/RNA# tH —PCRIZIE—FE KUk BN 4T
=9Iy

X3 T T2EEBROL R
1=

[

FLAFFERIT BB rr—=7 HIIANA~ORYR FEA LG R FIEB, @RI o bhs,

fa#

5-2. DNA O ik

DNA |E. FAF IR —RENIECT T =2 (A) . Z T =2 (G) . U hir (C) L T3 (T) EVd
AFEFE DO AR T DN ABRDSRE A LTZ XL A F RN VBR = AT IVEE B LTz T D,
ZDARBEO R DR FI AN T2 T NB, ZOTb DT (HERLA) & A5
HEVDTELHD,

O3 FREEII XL AT R OMEDIRUAEE (K4) ThD7b | M L2 L D5 7B 12
AR LT W E D 3D, 2ELHEADIZRRICYT->TiE. GECUKEHME3I D). ALT
OS2 DS AR TREAT B, ZOTsb ATREA N 3ABS GC D RIT DNA 0%
EAIZ A 5L T2, Fo VABRIT T MRS T T AT AF v — V& HOTW%72) DNA %
I BRI, BRIKBIC LD S A BT,
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RAFR
/H Fr—
| N * on Y AR
N//L ~o—p=o0
H .
5 Rifi o

g7=> (6) I
H2C

~H
P N/E
HeC o
F32 (D

H@H

OH H

3 Kif

DNA®D 5% /I {51
1 bp (IEHEX)

[X]4 DNA Ok
DNAIZIZ, BT E 5 C () OF B 2L HF TSI TS, ZHuT, Vo BER AL TUWA 5 Al OH R E(ET 53

Ji61CTH D, F7=. DNA Oig/NXI7LAFRENL % 1 base pair (bp: HEFEX)EVWD, 1E 2 nm TEE2359 0.3 nm TH D,

5-3. BV RTILRS v LaR U #

AR I, DNA 755 RNA [ZERES L, 2o~ BICBIERE NS, ZofhidL hay AL 2%
PR ETOEMIZILB THD, ZOWMAUTH > T, BIBHERITHEEEZ L X B ~HRN T
TESN T (M5),
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ATGACGGAATATAAGCTGGTGGTGGTGGGCGCCGTCGGT

EE: 5
A D NA 3 TACTGCCTTATATTCGACCACCACCACCCGCGGCAGCCA
—

= ‘ Eﬁg— (transcription)

, AUGACGGAAUAUAAGCUGGUGGUGGUGGGCGCCGUCGGU

RNA °
‘ ﬁsﬁ ER (translation)
Hs Met Thr Glu Tyr Lys Leu Val Val Val Gly Ala Val Gly

\

oK

el RUINDE

He 0OH

X5 B INART =

DNA EIC#>TWAREZE#HIL. RNA BYAF—BI2 L0 RNA IZEEGES L ET, RNA b E-H A5 T3, 22T RNA 1T

COOH

T ORPOVIZT TN (U) E720E T, RNA BURY — A ETHERAMT O 7 I BRPEREL CH I ERMELND, 7o, #

ARYBIET IR ST @ T Il EN (T A — AT 40 7 Sh) SRS 2 TR T 2,

#1 akr#k

IR EoEE EoEH
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 ]

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

DNA OHFERLFI (A, G, C, T)IL 3 HFEE 1 AL (aRy) ELTRNA ICIEGEEN-%, TI/BRICHIRES D, akvr#iL, 2

DBRE R332 Ch D, (IRVFETIE, RNA THELTWAZHH LT AGCU TREN TN, ) Zoakr L, BAMICITA

TOEWITHLILETHD,
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5-4. #AHix DNA 2Bk G -FAH X FEER)

BB KD DNA %77 AIK DNA 728 D~ #—DNA [ZfE & S8 72 [ 2 DNA 451
ZHIRIPNIZ BN T D THT-RIEE AR AW A END, ZDOI570#i% DNA 23 F2 v
BB AR T D FERAAEH L. DNA EBREV), ZZTRIBEZ AW EREE 2 THD,
F9. cDNA TA 7TV —Drr—135 HEY DNA ZHIIREEEIC TV, — 7T AIRRED
74 —DNA bRICHIREESR TUIRTL7-%. B ) DNA E_X72—DNA % #iiERESR (DNA U —
BTTHERE T2, 2050 F&H#Z DNA 43180, ZORHEZ DNA 43 %75 Effiia (22T
IR E) (B AT 228 T, MHx DNA 26 Dfifa it T& D, 7% —DNA D7 mE—H —FElK
DO TR DY IEE Y% AW CH B R T2 AATe | BARTEHICHE IR X 23y
BEAE FRROZ R EE R E W THERE IS, O/, AN TH7ZICA RS- #
YSOE R 2 o OB IZKORIGE O E R EL T DD EER L), (ZZTRIGH
X HL T D700 Tl = E k) Th D, )

&2 THIAZ ZBRNTXHRMRIT. £ TOEWICE W TRIE 71T 4 B AR
DNA THERRSHUCRY, M RES 72 B ORFEOBIR (2R £) YA A B 2 THRANIC
i, EThHDHIbICk D,

LB R HH#IDNA (cDNA)

—_—e—
| mmmsnie

TRE-ST o mmeEAc

D l DNAUFH —+ (E#EEER)

~Y%5—DNA

12 & %888 R G
—
B Enth

248 [KADNA (BEXRFEE~NDODNAOEA)

#A#Z DNASY F

X6 KIGEZ2ME LUz DNA FEER

R % —DNAGEIGFDIEWNR) ELTFTAIR DNA %, 158 FEL CRIGEAZ WA 2R T,
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5-5. il [REESE L R

il BRI S

DNA ZYJWr45m%5% (DNA 73 fi#f#38 © DNase) (Z(3, DNA SO @2l 5= R/ 7
— (endonuclease) & DNA $HO KN HEIKT 5% X717 —F (exonuclease) M5, =
YRRILT =B DG | R E ORISR . ZOENL 2 R EAY I BT D IR 2 I BRI R
(restriction endonuclease) &9 ([X7), HllBREESE L, BIFEETIZ 1,000 FEEELL ER RS540,

100 FEEELL B3 A—H =B IRE I TVVD,

5GIAATTC3
Eco RI , ,
(Eschericia coli.) 3CTTAAGS
Bam HI 5GIGATCC3
(Bacillus amylolique faciens) 3'CCTAGGS
Alu | 5AG|CT3
(Arthrobacter luteus) 3'TC|GAYS
Not | 5GCGGCCGC3
(Nocardia otitidis-caviarum) 3'CG CG5'
Bst Ell 5GIGTNACC3

3’CCANTG|GS

5'CTGCAk.-‘-3'

Pst |
(Providencia stuertii) 3 GlA CGTCYS

(Bacillus stearothermophilus ET

X7 HIFRIESE
HIFREESR 21T, 4 4
FRRELSI LM ST RS (palindorome) ZHFF->TWAHW | 4413, Z DOBERDBMEETHMAEM O BNCHEL TW5, B4 L4

FLERik. 6 MR, 8 HIFRRIR e & B 4 IR B B, TN

DFAND 2 SLF-DAZV TR TRL, | FEEOE T 2 U EORIREEREPFETHEXE, m—~ T E T XBIT 5,
F-EI0 A, 5T EIE S MANTZEHL TOAREE R (cohesive end) OWEVRIZHIBIS 115K (blant end) 235,
T YN — 2 G LSO B AR S IREEE Y D,

L R

2RO 2H DNASHD 3-0OH & 5 -DAEIEE | IRARY T AT VG CEfESE D, Wb IR
DFEZ T HEEHEE DNA VST —F (DNA ligase: HfEREF)E) (K8) , LA WSLS DNAYY
—B1ZiE, KIFE DNA U —F, TADNA VA —E0R3H 5, B 1., (5 RKEGEOBRIZEL
BAITEERIGRIEOHEREH TED, ZNOLDORERLEA— T =D RSILTND,
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5G AATTC3 5GAATTC3
3C

TTAA  + cs5 > 3CTTAAGS
5AG CT3 5AGCT3
3'TC + GAYS 3'TCGAYS
SHEE
5'5R b 'ngc,
) 6 (=)
T @) oo
0 o HIERER N
H 'h : OH H
_H o H < 3K +
"Te @ :
o ESBR K
3 oo
-ad ATP oc o @
EE Mg?* o H
OH H
*+H0 IR

X8 JHLf IS Sy

EAEEESR L A3 R, AR T ROER 52 LTED, IKHWDIDEFEEERIZKE Bk DNA U —EBRHo5H,
S A OO RS SR, — 5. T4 DNA YA — Bk, SER AR OMEAE SOS b B LB IR TENTED, 2B, ZO/K
JMET RN F =T BT DI ATP B ETHD,

5-6. Green Fluorescent Protein (GFP) “#P&%

GFP 1%, FeA T 2754 (Aequorea victoria) 2 (RIOA) 128 FNAGEEOMIEZ L B Th
Do AV IZTNEIT A M AR ERHINDFICGERED DY, ZOMAET A7 AV & GFP D 2
DI T VFEE L THAEL CVD, SN DR EZ T 7256 A7 A VAN D LGS
L., TR —=DEFESND, TOTFILX =N GFP IZZITFESN CTREADENE R T D, — .,
HLEESIN T2 GPP I 0L — D i W ERIMRE BRE LT2 35 AT GFP I, #Oea 335, Zhudse
AR THERINSNTZ D =R —D— A EE L T, RV DL D= RLF —5 Il i
H9 2720 THD, BT, SOOI LKL =X — DRV (R RE) L7250, (K9
B), GFP 1, 27kDa (43 ¥-£::27000) DEFEIR DX 2 G 2AE KL TND3 DD T /BRI A%
JERL TS (K9C, BR<ZE >E M),

H1:GFP OFRHE THD FAHMEIELIL, ks ey 78 (GFP) O RLBAF IS T, v —T (v Fy 74—, 1y

Y F UL EBIT 2008 I — LR EEZH LTV,

W 2: AT IT DAL, Aequorea aequorea E1-1% Aequorea forskalea, Aequorea Victoria (KMNVEICH UG D/ 77—
NR—EBEIZAR) | Aequorea coerulescence (H ANTHEIZA R,

H3:E=Nhc/ A : ZRAX —[THDOW R ELHIT 2, DEVEIMRDO ISR DN (FEARD) DT F— 135, i~
SMRO IS0 R DR (REFRD) D TR /LF— TR,

E:m X — A E (hm) . N: 7RT R (6.02x1023) . h: 77227 4% (1.58x10-37 keal/mol) | c¢: Y:i# (3x108 m/s)
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A A
T
il ~a
i Iz
- = YN
Fl & > EE
.| %
~
o A/xggl

X9 wIeH U GEP Ofig M E

A:F T 55 BRSNS L300 C: GEPO AR (373 /B CRAMEZTAL TS, )

5-7. 77 AR pGLO D

T TAIR pGLO X, AV 7T KD GFP Bin 172 NI~ —h— s - L THiA
WET eI E RS DR (B 778 ~—8) DBIR T (Bla) % & T 55 5371 bp 77
AIR DNA (f#2 2. DNA 43 7-) TH5 (K10) , ZOFFAIK DNA IZ1E, EIZ GFP Bis D55
P ZATHZDOIT, TIE ) —2F~_ur D7 aE—4 (Peab) BLF13 LN Peap (ZHEE LIS HIER
\ZBA G354 37 (Ara C) DG T Ara CINEFITND, ZOTFAIR DNA NE A2
K EZ, 7oev )2 g I D2 EICLDBIRIICABT S HIENTED,

Vi

TaE—42L1%, RNA RUAZT—ERHEE T DEFIDOZETHD,

B 7%~ (Blactamase, Beta lactamase) i%, 7> £"v 'V F—+F (ampicillinase) LV )2 b5,
B IV E~—YDWIGT (Bla) %7 eV AMMEEIG T EVDZEbH 5,

ori LiF, RIFHEWN THEL TEHHERBA 4R Th D,

T FAIR pGLO O IRALFIL, ZZ &R

B AR TETLTTHRIGA, RHEF TR RT 5,

GFP: GFP (¥ /%/'%)  GFP. GFP#&fn¥.ara C: ara C >/ V% ara: ara C %2 /X7'E Dz +
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| A4\ VBB F(araC)

7

'{x.’ \\\‘ BStEN

|'I: ."II io f P GLO :l‘l',———j A€—4#% (PBaD)
\ '.f | L:t -

A G

GFPE{EF

TUEV)UitEEETF
(B 5%%<—= (beta lactamase) MD&EIEF)

X6 pGLO 7T AIR DNA OIS (G - il [RE%SE H1X])
p:plasmid, G:GFP, L: 8 Lactamase, O: ori
TE:pGLO DR E B —Y —x A —HLLIE pglow (E—2uaw) L&, Hd@low)F L RV EORIGTEFFOTIAIROE

% : Ron Mardigian (Bio—Rad laboratories)fi4 , YRR 572 8 DFEIL, BR <S5 > TRl

5—8. T eIV (Ampicillin) & 8 774 ~—1 (5 Lactamase, Beta-lactamase)
TV VAINR=V L ROTUEME TR 777 MEIELIHINDABREFFOIENG B T774
LRPUEWELIEENTND, TSV AL, ST VT HIRBED T F R ) 7 BEKG O A Ak B
EFAZLTAITITOEFRETD, 7oLV FOSNAREEIL, AT FRIUB S
K CHELD D-T T =/ -D-7 7= DINFHEIEIZ REITHD (M11), 20728, D-TF=/L-D-
TI=ANANERALRT FRIVA AU G T DN AT T2 —ENFRE ThHLT e
ZARER T HZE T, MIBBEDLRRE A PHE D, D72 B O Al EE | R4y T 12 55<720
iﬁtlﬁl@rﬁﬂiﬂ’ﬂ/\ﬁ”@?E =BT 2 SN e RO L IR T 2, — . 7o E VU o filkss
Tho BT84~ —BIL, Ty VoD BI7F MGG INKIIET HZETT BV Z RIES
B2 (K12), HRBEE FE2 T TAINRY X —|THIAB BRI A THO L& XUX—DNA 2B 7
I8~ —BRIETFNEENLTVDE, TUEVUAFE FTHEELIZS G 77 AN DNA M8 AS
AT TITRAEFTTE, BRI IENTED, ZOIIITE /)/ﬂ'ﬂ‘“ﬁLfE%(B]a e
amp) EHIEHEND B TV 2~ —BRIETIE, Bia X ZBROBRIR~—H— LU TRHIHSNT
Wb, REERD pGLO 7 TAIRIZE B 774 ~—B BB T3 E N T,
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D-alanyl-D—alanine

N
\
H o
YN H
o Hsc' H EN Ha
N CHs
o H H 0 0 0
Ampicillin

X11 D-7I7=/L-D-TI7=2 T Ve D0y RS

BZo5=—C{FRMNE

l COOH
% / CHs

1 CH:
H
IHz
MNH
@W’ L

B30 LAEES

12 7oeTNr Dy FHEEE BT 7 DG

H: T BV IAIT LYY N AORREL THIRSITRY,, WRE H CERIRFE T 5, TUE LV ATEIIIIN O THE
HIGR B CIIA — R L — 7 LI B DI FE A T Ao CODIRIT %, H7o, BsHE T OVRIEL 727 L E S VAITR L B THY | B
AR BERIET | HEIEE BT ALRIETHIENDD, 20O T eI Gt T R R 55 A1, 2~4C
S A ESY AN

5-9. pGLO 7*ZAIK DNA A KBFH (K12 %, HB10D IZ31F 24 S/ E O3 H

AREBR T, pGLO 7*ZAIN DNA(IX6) %, Bin FHEH#A R B TIASHWSNTWD RIGE
K12 ko 1 > Ths HB101 (2 ALGEEEHL (tranformation) 232729, GFP B -4 & Te
pGLO 7' Z7AIRZ KIGHIE AU IR L7855 . GFP 1£2°0C72< Beta-lactamase (g 77%
v —B)RT I ) —AT TS EG ARV EBHBLEND (K13) . B L2 KM Tl
Beta-lactamase 23FEILL TWAT-DIZT BV 2GR THA T T&D, £7-. GFP D3,
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13 BT TS ) — ZMFIE T AN Lo TS LD, T8 ) —ANFELAR WA 1.
GFP M5 T A RIS TEE T BIcb BIDD T, BEUELAV, Bz UL, TEHABHIch:
5T BEEEIZITRE Do [ SN 2 TH D,

N1 AL
g “ara C” JOE—RHEE Ao/\DE

ch’E—,Ei'f)ADNA GFPAL /Y&
Beta—lactamase #>/\J&E
(_ \
\» P

'.GFP.,Green fluorescent protein 4
IS THREOERLIVNVEDELF 8

‘bia* Beta—lactamase=Ampicillinase=7>E 1>
NEREBEZROEEF=-7UEV)UMEREF

varace GFPRIRFAF 2 /U E "araC” BIEF
=75E/—ART7OFE—4%(PeaD) i & Q
BUNVEDELF

13 pGLO 7*Z7AIR DNA HAKGE COHX L/ 7' E R B
KIBEARPITIZS /5 DNA IZE ENABEG T IR ENT-Z 0 2B A ., 3 AL pGLO I A3IK DNA |28 SN 51z

FODRBRINIH I ERFET D,

5-10. KIFHET It ) —AA~m Lidfn 1% B iR i

TIE )= A HRICIIAD R OB F 2 2 0T T8 ) — A4 Xm0 d, R OER
FCdb araB (L-ribulose kinase DIEAI&T), araA (L-arabinose isomerase DIEAnT), araD
(L-ribulose 5-phosphate isomerase DiE{n 1) BL O T TE—H#E 4| T 5 PBAD 3MFAET 5. (K
10), 4D 3 FEBEOBIRF R RBLTHILTT T8/ — A%~ h— AU R I B IA A
THIENTED,
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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)
T8 )= A _ur O FBFEIL, Z2 30 E AraC TITOIL TN D, BHIC T T8 ) —Z0MF
FEL/RWEE, AraC i3 Peab DFHTICHE AL RNARY AT — BN F e —H S ~DiEAE 15T T
WD (BEDHIE) , LT I8 ) —A(F(E T C, AraC ONLARHEENZE(L 35281280 Peap 23

HL., PBAD IZ RNA RUAZ— BN AT HZE THREIER R T3 T2 (EOHIE) . ZD X574t
FHANTIY AraC ¥ o730 E X, araB, araA, araD S\ )HOFESEBGFORBAZFHE L 1A (K14),

PBAD

I araB |—| araA |—| araD I—

B OHIH ‘i Ol et | {aran [ —

L-arabinose
(FoE—4E3)
PBAD
_w‘ araB |—| araA |—| araD I—
1F O #1180 - Q RNA polymerase (RNA &a%)

araB araA araD

K14 7€ /) —AF o Liis 13 B

7"ZAIK pGLO T, araB, araA, araD DAV, AT 7557 D GFP B D3R EILT
Wb, ZO0T I8 ) —AA X TORBFMEIEREIZ GFP O3 EIL, AraC L/ 7EIZTIE
)= ADBFEETHIEILLEVITOI TS, pGLO 7*7AIR DNA I[ZEV BB RS- KIGHI.

E2HIC TS ) — 2B MNZ BN L0 GEFP OF BRI+ 52N Tx 5 (X15),
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I ~cpl

l O L-arabinose

(FnE—5ES)

PBAD
0s 1
Q RNA polymerase (RNA &#E®)

GFP

15 pGLO FZA3IK DNA IZBIFTAHTIE ) —AI2L5 GFP &Eis - FH g

5-11. 7o E—FEF| LR 15

AT T m e — 2B E R R FIE R > T, ER T, RIBE O ' —ZR
5| PBAD % B 107 T AIR RIH—ZFAIAATE GFP BIG T2V TWD, LL, ZOTT7AIN%
FEHIIECE NI E AL TR 7 I8 ) — A% AT GFP 133 H LAV, Zhid, Ak
LI RNA RUATG—EL R0 T 0e— 2B B2 D120 ThD, FlZIX, KIGE 7 ' —4k
et D B —ITAIANTE GFP BInFId. RGO TRIL TWD, —F | il CH
g7 B —HEHEYL ORI X —ITHAIAATS GFP s 113, YO A CTRIT 2, b
A CHFRIERTHS (X16)
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e T 0 E— 285 BT 0E—4ES|

e
/ N

e | ( s T —
RELY BT

1 RBET RRET l
% AIBH T OE—5E %
—1 [ crr#is¥ |
GFPAV I8 GFPAV I8

PN

N
| (DR
% FBET FBET

GFPAVINVE

U

K16 AMfLTmE—H
RNA RYAZT—E N EETH7 0T —ZEHNTETOEMH LB TITR WV, T2, AR ICIVEE X 27 ue— 2050855, Z0

TeDBGF PNEASET A A TIEIEZ S S 7 mE— 2037220 AU R I3 BL 720,

5-12. KIGE~D s -8 A

KB E IR S L OIIEE 2 D | il H . 77 AIR DNA DO XH72 K& TIXBE RN
BiADHZR, KIGHEZ 50 mM O CaClz 52 LD T T AINZ IV IAHRLd WOl (=2
BT N - competent cell) Z RS AZ LN TEA,

ZDIHa BT UM E 7T AIR DNA ZIRG T 5L, 7 TAIR DNA 3287 U Millla sk
EZRAE L% | KRIBE O HIZIRDIAENS, EBRICEL TiL, 42°CTORER AR 2
72H L TCHEDPRBIWENE DB AN A DI HZ LN TED, pGLO NI T VT B TR X ¥
NCHWD IR s AR Y, 50 mM CaCl2 28 HeiRik TH 5 (X17),

2 TdD Ca A A UNZIN T T AIN DNA O~ A F R EAif 23 FRIE D LRI~ A T R B A b Dl E 2% 1 0> H D K3 D3R

27T AIN DNA D3RRI RS LT <7222 FTREMED DD D3R ML AN =X MZ AR TH D,
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\ CaCI2 mIE
) O 75 RSKDNA
o n 0
aVEF U N o)

o
OO RLE (42°C)

@O

17 a7 MilaoERL (CaCl %) ST E fin i

SIPEHETEIA O K E 2 CaCl2 IWIFICINZDZETRGEIZT FAIN DNA ZH0IA LR WG (227 M) 12785, =

DALET UMNEILET TAIR DNA AL, 42°C TR 5L T T AIN DNA WL RIGE N GRAZN) (238 AShb,

5-13. #H HHBR S TR FEBRIZERL TOEE R

A AR AR ZREITOBRIIT, ETERPEFREEITOLEND D, ERDOFER

IZBELCIE, EBRR, EBE | EREREATH7-DICE OO IEE N LI ThD,
EEOFANE, [EBR~OHEE D 23%F5<, DNase ™ Do 3% F5<, Mz Az L=

oAy

@
@
®

®@ e 6

© ®

CHEZR,

FBRANC, F7T &2 D TEBRIPPASHRE T2 (WHENETIADP1ET D),
FERENTIIMOBEREX AROERTHIENEELL,

FERATRB L OFERZIC, LT FE2UD, (FBRAT: BERR~OaZI%B5<, Eifth i
NOERRIEDIBITBATLARNESICT S, )

FEBREBEIZT0% Y ) — VIRIRETE T R LT B35, B THRLEE T2,
T DK, ZRBK, A4 ZZHOK L, EO @MLK ZE WD, (o hTlIbsHiFHE)
R 2% 8, REIX, TORTHET D, (FrhORIEIL, JEFE AT208, BEFHUTIREL
TR, )

7T AR DNA 20 A1%, S a6&BETHERZ) DD DNase DR AL HBET 5,

ALZE, 208 3T, 2 TH— ML —7 8 LITHEC - FEEIC Q% . RS 5,
SEIREE T DBUTIE, RAMRE ALV B LT — 2 VA L C H 2 1R# 75,
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% : DNA /) fif %

DNA (ZZERME TN Mg A A ARAFENED DNA 53 fifi%5% (DNase) IZEV I EIC 0 RS TLED, DNA Sy fii% k13, il
BN IEAN T MR - LK - 2 O ORI FICHFTEL . EBRPICEREDHIRAT DB E RS D, ZhEH 20T,
RICFL—MITTHD EDTA Z ML, ERPRFELLALWISITTS

6. FBRD (i

B H AR TR X BRI TORR, tA I FEBR P FE Tl &17), T WAL=k, &
BRYERFIC A D, (M TIEL, YO~ =27 MIGEEHIN TN, )
<JEEIZHOWT>
X hEHWLEGE Sy bR KT TOREL ThoH, L L, BNy TF a—T7RE%
o ISMTEEA U H T 258130 TIRE L CODHWD, ZOWE X, B O3 #2325 1E
DT/ JRALTZ DNase & TG SE 25 HIUNRHD, £, FERZICH FERICIEE T 5.
P T IEELCEIZHAWSFIET, A— ML —THE TH5H,
e T80E BB S 7R F28R ) 2 Fiex A5, 2 B BOWHEIZE N T0\D,

6-1. v hOREA

pGLO NI FUTE{n Lz 5 b (Biotechnology Explorer Kit 1: 74127 No.166-0003JEDU)
#l5&% (A 52) : Bio—Rad laboratories (/34«7 RZ7RZ R —X) http://explorer.bio—rad.com
REJEZIELT | > MEANT D,

6-2. gx O, - 7L — O i
ZOF v, 8 FBRMTHD, 2072 84 (1LA1FH) 16 4 (1 HE24) 244 (1 BE34) 32
4,3(1 BE A 4) CEBEERTXD,

6-2-1. Fy SN KB G R E

O A=t —7 KrHgR | BRIy
A

LEHITLE g
BEFEM IR — [T )%

@ 42CAFaX—H(KR) :b—hayy

VLEET

42°C ORI : EERIFIZ 42°C (T T A~ AT A 1C) 8D I HE MET .,
@ 3TCAYFa_X—H (BZHFEREY) 7T VT DEG:#
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RO = TRIFHAES 28 (24~48 IF[H])

@UVZ 7 (FiEE 366 nm) :d406HH
I
TI9 T4k

6-2-2. 1 Z)L—7 |l 23K - 25 B

@
@

© Q@ © ® ©

® 6 6 @

AH—H—T 1L —h (KGE HB101) 1 7L —h
FEREFHT L —] 4 7L—h
(LB 1 4%, Lb/amp 2 ¥, LB/amp/ara 1 %)
T i AL (Transformation buffer: “Bu”) 1 A9 0.8 ml)
LB (Luria-Berterni) J {4t H1 1 A (%9 0.8 ml)
77 AIR DNA R 27 N—TT1AK
(BEDBPDIRNG S V—T7 TRITE LR D720 27 V—7"T1AK)
=" 142
EVEETE YR (RRAR) 54
Fa—TTvy 1
TAARY I A (FEIAAT 17—/ )L ZEER) 1
~ == 1
FEFE I 1
[y

O~® 1FFYMTEENTUVR,

6-2-3. ZEREEHO/ERL (8 FEBrSy)

FEF 32K KB K, A A HKRBPLEEL,

W 71k T AR = 47T 2K B INZ T R 0 — 2PN TER NI R
B, R A =L —T (121°C, 20 43) NI DT ETIRMARL NI E S T& 5 (K18),
T = L —T DN TERWGEA ., BV TREBERRE CTH D, WA =4 7T 2|2k
ANz, BEFLr PR THIITHBESELLEDR DD, +rE 0O ERIT, (<O EbgL T
OO, BhiE AT 52 Th D,
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500 ml =4 75X0 500 ml =A75X0
<+ K 200 ml -« K 300 ml
<« LB/EXMRK T¢ <« LB/EXHRK 105¢

i mi
_ = o \
71'+ roL—T (121°C. 20%3) F—RHL—T (121°C.. 204}
| LBZL—k 164K | BB (~60°C)

«—T7UEV(2E)

| LB/ampZL—hk 164K |<—

«— T7IE/—R(£E)

| LB/amp/ara’L—b 8#& |

K18 E5H{ERLT 1k

WA ML —7PE (121 °C, 15-20 43)

NTTVT OR IR D @ LRGP, & 7B 370 E NI E 2 & IRV R IR OB IE WD, £7o, R 7R
ELVBOF 2—7 | Fo7 | BIE~vA 70Xy Ml TARICH WD, Fa—7 - F o7 REDRE A — ML —7HE
% 60°CFEE THIRESH TBME A T2, ERZITIT, AT 2—7 B Xyh T —bh HE SRR 2 CTRE T2,
(RVAF LR =F L O EIT, BUCT VO TH— L —7 T, JE TER, T, o TERH AW E D

VZEVORS) 2 IR AR T 2% & UM B S R E A — L — 7 LR ISIIN 3%,

BEHLOD 3R BR LT, U —NET VA AT, ZEREFHUC TSN 2502 55,

T —bDT YL i =—H—T LB, Lb/amp. LB/amp/ara 5 #1235 TXx 2 I35 # T 5,
GE LT

T e RS R AN N VI E I B R HAAIK 1ml IA1—30 mg/ml

T IR — R A RN NV BT RS R 3ml I —200 mg/ml

F—=h7L—T7 KOO I L7 R A | £ T8 T 5, BRPIEIZIEA TWHATREME B 572
D TdhD, 77 A% FTRANONDIREL (60°CIHV) IR0z R T 7L — kD 437E
ZBALET D, 7BV TIE )= AE MR LI TIT, £T 78V 2R L%, 16
KOTV—NIoE, BIZT I8/ —RAERMLT%, 8K 7L —MZ 1 (K19), sriELi=7 v
—NI, BRPEELETHEIRTHET D,

T TIE ) =A%, BUCTRWD AT T AaE R ML DR TN
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P SRLER

ERIE M AAE

B\

19 JERFEHOD/1E

6-2-4. FERE DK ERZE

ER IR ELTE>TNDE, an=—nNih CLEL AR HD, 2070, FEkLiz#, 7V
— L RUF TS A B TR i & S50 STom Lo EE24RF ML EEIRICHKE A28
T, RGPS ETUTODL N,

6-2-5 FAIKFHHR

F HETEIF 2T ICREL TN F R~ — ) — U TR D,

(B &M IR : Bu, 77 AR DNA:pGLO, LB £5H#1:1.B)

IR A7y b LE, Ty OBy (RRAR) 2T T (K120)
pGLO 77 AIN DNA: Bfifi& Bz T MU AZ B BT B R A HR 250 11 HI—80 1 g/ml
RIGEE « RS R LN DA E B I R A EAR 250 w TN

WRUT-BR, T 1R 2,

ARIETE

@ /' 7AIR DNA R :60 u1/1 F2—7 =27 L—7T1 K
7T AIRNEEUR (B 28 h) 1250 1 1(20 1 g) /AR BV
T TAIR DNA T, V—7 TR L5720 HOFEER BENMELIR D,
P EE D ORI, 60 11 LA S22,

@ ' E His 1 H ik (Transformation buffer: ”Bu”) 0.8 ml/l Fo2—7
@ 1B (Luria—Berterni) & {A5% 1 0.8 ml/1 Fa—7
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RATELIR M DR R

SRILRT

ik

20 T ULFERESTE
R /0 SR R Se R GO RF)

6-2-6. AY—H—F L —bDOIER

LBESHIZ L —R (T BV TIE ) —ARRIMSFU TR ) 2 W U AR L 72 K
ZN—TICEORE R T 5, V—T7 DRI KRG EE D B A V— 7 TERIEME R ZRT
HINIL T L — MR E T2 (K21) , 1EERIRL7ZE 2 7 L — M E 3 LI
T2,

TR, 3T CDOALFaX—2THART D, FEERFHIE, 16~20 B2 BV, E#%/NShan
=—=NPELABND, ZNHOTRn=—|Z1T KB HIIAE Y D THRRE S LRI A3 %<
R, EBROAIT, AR RO EZ WD LTk ED,

EE U WDE ORI, p. 42 )
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K21 AZ—Z—FL—DEH

6-2-7. EEIDOIERL

Bio—Rad laboratories D~ ==7 /L% AP 7’077 MIKHEL TD, Fo, Ly A ZEDT ANE,
KEDOFREZEL TEY, LT LE AARDHFFIIIHEL TWRW, D72, Ly A ZEDT
ANEZDOFEEFEHTHNEIMNIL, ~ =27 NV E O Y H B DR T 20 E R DD,
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6-3. FEER 5 O i

FREATON A, BRI NL—T Tl

AR =27 —MH 7L —(LB1 L, LB/amp2 £, LB/amp/aral ) | K. #kZ&, By jL—
T NIS I, =T Ty Fa—T HEERLET D,

F—h L —TE3TCALFa—H L, LR THEHT D,

KIBE (R4—4—TL—h)

/

—> kLI
| N\E
KB EXRyk-JL—T

22 HEER O UE(H
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7. #E B WGBS TR FEBR (s

T, EBRBALEOMEREE T 5,

7-1. EBRBAMOMEE FIH (23)

FEBRENTIIMOBERZ AKEEHTHIENEELLY,

FEBRENZ, BERTZHO THERICT 2 (WHEME TIADP1ET D),

BEESOLF2BE), (EBRE THRBITI, )

FEREITT0% T2 ) — VISR E B LR 0, (B TR BT, )

T TAIR DNA 2O 6 REh LRV E OB AW EERR )50 DNase DR AZEET 5,
fili 3 2 25 5. - SRS TIRBA U o 12 O 25 5, - SRS TS

2 EN AT e A AE-EE
RERRTLT FEIED

F—roL—7

w0

&

ﬁ‘ﬁiﬁ%‘ 10% TR/ —ILETHRE
F7%BAHTHER

23 FEERBHAARTOHERE
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7-2. EB 515 :pGLO T FAINIZE D R E (K12 8. HB101) OB FEER (X 24, 25)
IYRVRILIFa—T

# Lty < (0.
+DNA, -DNAD SN JLEDIT 5, Fzﬁ

+DNA -DNA
(N
N 250 ul
O
NN
5
T B SRR REER 250 u| ™
(+DNA, -DNAEF1—7) — —
?71 g S|
+DNA  -DNA

\ /
IKAZEHE (~57 )

K
-l
KBE (HB101)1)L—F N
(+DNA, -DNATEF21—7) % v
+DNA -DNA
(7’5:<As slr;“DNA “;))g—)j’ \\
+DN a—7 »_:, -. P, .
A\ B @

FS5XZKDNA +DNA -DNA

v

KABPIZ100HEERE E ,: ﬁ;
99 5K

24 JWHEH T mha—)L
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e

42 °C 50 #RE—kavy 5k 42°C, 505078 5k
* CCEFRIEREIZITSISENTY

KPIZEL 2 nHEEBE

N 250 i
N

LB broth 250 u | =

= g =)

+DNA -DNA

=B 10 HEHBHE

l

EEL-ED 100 yl#7H—TL—KMZHEE

{8/ame

A\
37 °CI1’C—H§E1‘&§

TL—hZUVEZHE T . OO-—DHEILEZHETS,
2 ARV S R iy %

(BAZHRGVINZ—DHENEINERT D, )

LB/amp/ara LB/amp
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Fa—7J

T MR A
KIBERN | HEEREER

Ayl

TSAIREM

KIS S (K12%¥k: HB101)
Ayl

~

E—kavy
v

TS5 XAZKFDNA (pGLO) i

K E—kiavy
(42°C. 50%%)

LB A
ERI0NME

ELE)

LBIEHARMN =BRE

”~

TL—KZSRN)L

|

>+
[t
B

25 JEE#ERE(ER)
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1% (37°C) 1BE (FIRL)
LHMRERST
HRE=

HEREEE

251 #R (366 nm)

JR=—#CAIE

=R BEEY NI
DNase DB AZ# (15

—EFIZEERT S F—bIL—TRE
\l 4
== A 4
§5§1§ - F—roL—T /35
WY FEHES

R h 0 MBI R Je Ak ONRR /R BTERAR — ok, EmI R A
(15 2 U STt I W Bl e A5 5712 | 2003 4F)
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7-3. FEEBRDRAL ]

FERDEAT T TORAL N T , BROKEAT T CFa—T7 WTEIS TOD LS IRIRE
[N

O By CHRZEHI

ARIEFRCHEMT25%5MH:

O E il @& . OLB-broth ¥, OB #EHAL 7~ # DOERHL

X 26 fHETE Rk (ZRAR)
RN TE YNNI E LB T 1| AT AT REE TR S D,
E AN S H U 95, 100 1 l~1 ml ZERET& 5 (X 26)

@ fEHT 2B OBFHRRE & 3K
AB—H =T L —MNIBIT DRI O TR UL, TR BRI B2, ERIZITATH
DOEEFR LT HITE R OB A WS, B REIS . 16~20 B AN XY Th D,
IR U7 ISR O I 2 3 Te7o D VRV A B U,

n=—DJEARKEROBE L, HAEDNEA KRR (FETE R O e B ig 1 (X 27A)) ThD, ZD7z
HRENIT=—E RO, O AN OEE Z<BIT DL ERHD (X 27B), LovL,
BLEIZREVWan=—DO ki Z /L — 7 THRIRT 22 TBEITTH LW, 22T /hanan=
—PEAEL CODHEATERL ., /NS nan=—% 5 {EHWVERET 2 SR EEDO LW E DI
% (¥ 27C),
AREBR T, £2TCoOan=—FF—0ra— B2 TR, 2070, an=—R3/ S0
Bl B—an=—|Z272bb P EHEOan=—% ML T REIX eV (K 27C) . 4378 Hsk%
TR 3 D2 ENREITHD,

42



e rd @Mm
- EEY e
o K T A SEmEA KR
EEH
FE SERBER
X 27TA B OHEGE AR X 27B —o0an=— 2B} 5 o8
S O E A 5, av = —OIRENIC B < B5E L 72l MFEET D,

O

O

27C AKX —H—7 L — hDIREE
OO Xy ic/hEhan=—R"HEL TWAEHND an =—%28ET 5,

@ HWAE TR AN L2 K CRIR

TEE AR R L, HE b L2 D A (CaCle) I CThHT-8 | BB L 7o TR L E 7R IR RS

FRZ T T AINZIRE DR — Mray 7 2 THBRIZIE, K HFICEE L EIRIZHE LR WIOITER
T 5, BUKME CIERILTOKZ M TERWGE A 1T, KE AR E T+ 2 ilfE (crushed ice) L,
BIZKREMZ , F2—T7 BIRPNOKIZET DRNENEDZEN KU THD, o, WTHhOBET
B KDOREET NIBRANTEND, TAIZBNWCT 2a—T XN THEKDBEN—ELT 2—7
HRET D (X 28),

%@

7k ﬁ%—"L\T:JK
(Crushed ice)
28A FEWN Tk &2 W T2 356 X1 28B 7 /L 2 iR A L TKEE S T2 HE
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@ 7TAIR DNA ZHeSIZEREL

“+DNAOF 2—T 27 FAIR DNA IERZRINT %, Vv—7% v, 77 AIR DNA iz 7%
RN R B DO ITERIT S (K 29) , BRERE N 7RG &I, #9 10 21(0.8 1 g) TH
%o (T TAIN DNA VEIRIEE : 20 1 g/250 n1=0.8 12 /10 1)

L—7 BE ARV EDESTTNED

29 N—FIZXBHTTAIR DNA OFEL

® bB—hvavy

E—Ray i, OKH >42°C 508 >k 1, LR AR L 42 D721 E7ebn (1 17),
ZDTH HOENLHA2TCITEY NLTKIBDORHT, Fa—T 2SIk Ban 2B L CTHIET 2,
ZOREAECEOKRIGE OO FEMEN (L L 7T AIR DNA NEHOFIZAVIADD, 42°CHULEE
ANZEIRICH L CUEIEHITITED, b= ravZIZb bW e O IR O DMK T 5
LOTHEETS (X 30),

73XE(I~;DNA
(o)
i ombleegs) m(@ss)

« E—bavy

sk eh (42°C. 50%) p/ =

K30 t—hvavs
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® LB broth #RIN% D HE

& 1 B lactamase 7RHTNT AraC DOBLEFDFIRLE % DH LR E IR - EA T D, 2D
Jik i R B S LA 03 oy il CE DRe 1 (BT OEFF, 7e BN AraC #o 7 R0 B DT
T —HES~DFEAIZLD GFP EinFREDO T oy /bt 25,

@ RDORE

EBR T IRENEETHD, ZOEBRIZEB W THEE DNA OIRE () 2 /312179, 727210,
IRA OB TN T EIRIZ R > TLE EFE ORREN B RV IR BA O B E N EH DT
B9 D, EOFE, LB B P O IXtkA TWD70 IRET 5,

® 7L — bk

Tl— MIERLTERELET, SEPIEL 0T, BN R ko5, HEnk
(272 o 7oA, KAEKDEOWE TR BETICHEERICEDLZ R D, =
iE, ae=—»2NRnsRERE RS,

Q@ FL—h~DONEHREIFEOTH
7' —NZ amp+t, ara-72 8 M EHRIAA FLHE T A, 7L — RO A0 Eimimse SR LB 0L
SRSy AT o) e R

4. RBGERDELD

Biotechnology Explorer %> hD7 ¥ ANTIL, SR 50 /0T DI TR~ HIEEEZREL,
R ITHERRBRZITHETHD (b TF AR 3 X—=U 5 M),

BTV = TOan=—OfF EEH L% BT RN LEEOFELFI D, FIZ, +DNA,
LB/amp, LB/amp/ara D7 L —R~I DWW, an=—K%HE T2,

O K7L —hoBig
T, KT —bTan=—NRNERINLINEINTHEL, £ 7L —hDan=—Z2 B U IRIER A
roF B,

@ HOLBIE

AN IR LB 2 B2 55,

A TR E (366 nm) DL DE WS,

pGLO THHLT 5 GFP Db 1% 380 nm (1L 2E —27 L T RIERM DN A1/
IR—FE MDD, NIV AANIR—EDRIRNG G TTIRDO T Ty 774 Th R N BlE TED, 5
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R (B Z0E 254 nm) DTV AL NIFR—HTIE, DR TEIENIFIRD, FRERETEST
FNF—THRLAIUSER THHT=D HVRWDEI N R, B E Tho THRIMUTIER LT
FUTZRBTR0,

D7, "RERLIXT— I N EE T D,

7 U IS EBREERSMEAARIR TRV T D,

BRMEZRDETANR I AL E D T RBR W TH A,

@ ar=—%OWE

T —MNENLan=—EHRL, v~y TRy b an=—#% 5z 5,
an=—ENLNWGE T — M8 E S DL 2 fETDan=—KERER, Aan=—H%
R 2,

TL—rE8% L. AB 2&5fran=——#AlE
af&

JL—k

b{&
faAn=—#K=4x(a+Db)HE

7-5. FEDHDHRAL

MWELZ A D7V —b e, g5 2 LI 8GO N 5 RAFEH TAHS (X 31)

O fEHEpRE, B N7V R = (+DNA, LB/amp/ara 7L —})

GFP {1 (15#) #3177 AIR DNA 1, %f%%_»ﬁ@ﬁﬂj(zg HE 23 L7 (Explorer b

DT X AR TR—=) R, T8/ — AN O 0 =— | 34 Tate 23845, DNA 13E
THo yt%%éa“ékum%% EXFT-72W0 S, RIBHICE AL GFP ZU VB E s E58
GFP #3208 WA T D IEREEH 35,

@7 BLFRHET (+DNA, LB/amp 'L —h vs LB/amp/ara 7L —F)
7' FAIR DNA #E AL KIGHEE ., 7I8 /) — ARG i CEE T, 78 /) — AR T 1
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E—HZBLA (PBAD) ITHE G LTz araC XU/ "V EEREGT 528 T araC #o "V EOREZEGIZEY
PAD NFEH 95, 20728 RNA iRUAT—E M Peap IZHE AL GFP 2N REILT 5 (ATF AR 13 2
—V5H),

ZITT I8 ) —AFFEBIAA v F O ON/OFF D&z ->T\D, E72, GFP Bis+ (FH) 23K
IHEE NICAHAEL THRBLRT IR, 40O0E T 2LV ORRITE 260, 22T 7eE—2E
NI KIGHE B THHT-D KIFED RNA RUAZT—E R A TES (14 =—),

QxR EGRDOEZ ST (4 DT —I)

@ IR AN AL L TWDED (R ZTZRGE A TODDE D))
—-DNA, LB 7L —}

@ EFOFBLEILLE I
—+DNA., LB/amp 7L —F vs LB/amp/ara 7L —bF an—=— Lk

@i EWME (T eI ) O RITH D)
—LB/amp 7L —1k, +DNA vs -DNA

@7 T ) —ALDHH T EIEBIAA T D ON/OFF RSN
—+DNA., LB/amp 'L —} vs LB/amp/ara 7L —h

& & 7 —NREZ R UIEFE T 5,

@FEBROFHNEL TV X

FErELRDOaIn=—HOT —FE L HHRMESCAT YR ORKEE LT D,

W B ER TR E SR (FIEHRIZEY 7 7 AIR DNA 1 g THRERShD =
—HCAB/ p @) ZRET D, Ll KFEBRDOY; G AZ—F—T L — ORI KB E %2 CaCl
VAWK (Transformation &) IZIETHDOD BRI T U Ml E 2> TORW R I E 2 FHV T
WD ZOIHR KIGHEIZ T B DT TAIRDNAZ NN A TR AT T A7 FEERE
OB RIL, RN F A KD e Eb | Bk Sz an=—0 e85 452 THh Sy
g T D,

CaClz IZTar 7 MESNZ RIGE O TEEAHZNRIT, @HE 107 /1 ng 7F7AIN DNA T
HDHN, RFEBRTIL, 10°M8/1 u g 77 AIN DNA FRETH D,

® HOHE

E I, B CICBIET D, BICERRE, HHERK TRICBSELan=—DRESLEILD
HAZBET D, WOMIHIZIEW an=— 3R ELARVEOLIRE SRR DITT TH 2,
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7-6. FBRE R
ALy

+DNA +DNA -DNA -DNA
LB/amp/ LB/amp/ara LB/amp LB
l J l J
+DNA —DNA
pGLOE A EE&R pGLOKRE AXEER
#H#2 % DNASRES

EURIEIA= LR S S]]
amp :ampicilline ara:arabinose DNA:plasmid

E. coli: KIGE K12 KF HB101 LB:LB it
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TIE ) —ACkD GFP JE Bk

+DNA, LB/amp DR TE#EL/CPEEM KL EOan=—DWN, 2L TEEL T\ ar=—
BN, — T I ) — AR e SR — L E Sy T 1 ESL, thoan=—Far hn— Lk
LC, RERNC R a0 i 281222 (K 32),

75E /—X (ara)

— +
OFF ] rere
1 65
2 ¥ ]
4 ¥ ]
6 B —ara(aA>kAO—)L)

32 GFP 38 51355 52 i 5

7-7. FEBRIE T % OB I

FAHR X BRI L 7-gs B SE X KGR 7281, R CTHE L CTODBEIET D, IE 5
HEIZ, A= 7L —T 3 (121°C, 20 43) 28R AT 5 (X 33)

A —hIL—T P ESN TV iak Cid, JTEDZR CRHATHZEL FRETH D,

a2 ENT L —MNE AL — T IRE R AP R ITALEL THH), I3
DALIRIFIENL BEBTERT L BRI D780 | A XD JEIZIR-> T,
Bz FEhi D hiak T EEYF O F oha— LA RENT/ERL TREL,
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r—roL—2 EhZE

A—roL—T 1\

33 A —I L —T PRI LD FEIEY AL

EBRCTHEALZE Ry, V—T T —h(RARF—Z—T L — EGHKIGE 7L —8) 1328 T
F—h L —T RO E LD EERET S (X 33),
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8. EDIIR I HER BTN

HEHF Y IMREICROANDG A taOICE 328 B 0 E R O EL LR T iudns
720N W T FRETMEZ AR TV E RIS T 58I FE i Al e/ s 7 ARLa v 73 2%
ERIT DB N DD, FUF VbW LW TR~ 22 B I T& 5, FRilcWh<ono %
Bz~ d, FREH L, ED BB T-3HEER S LETH A,

O GTHEMFORERTHLE NIRRT &5

DNA V., 1E# THY mRNA Z 18U, BEREZ S 7= Z L NI EBMELND, (ZOF Y MDOEETE, GFP
DPEASIVENZ IS D, ) ThEERBRIIIZTES,

< FEBRPOFRERA B>

OZ'ZAIN DNAIZ UV & 24T, DNAJHER THY , HULAFE T DMRRITH TN 2 L&D D 5,
OF7 T ) =AY AT AT L —hOKRBGHEICH GFP B 1%, BAIN TNV, DEVBEETEF
fET 5, UL, T8/ —2E M2 U, GFP IZELIRNWZ %MD DD, SV X UE,
BAR T LUWIERBAFAEL Th, Zo N ZENREH SN2 IT T E T T DLW ORI R/
WL TR THED D D,

O7 I /) —2&MAHZE TR FIRBFHE LY, 91T GFP 2o "\ 7HEPMELN THOt%E
T DLV EENDLZEA KR T D,

TIE ) =A% MA TRV TR E iR KIG R 28538 L, 20T I8 /) — AR A n=—
(ZREDDNT D REREATHIZ LT FEBREIN ICHIREIC 2D, Fo, WHERML - KIGE )5 GFP
AL BB THOEHR T DEREIMZ DL GFP WA NI E ThHZENFKTED,
Ol 2T RIS THERPAFAEL , F I TO B R BT E LS MR OPER AT TS h
Do IAREERIL, GFP DR BIFHZBISFHLHLA FRRICIVBIE TE D, HICHESE, AMAH
EDOA ML THEANIZITIE THD T/ LFHLEL TR B ENIC L&A TRARDE IS
FDFBLUMB D3 b~ EEENP DA A DB LE AL RSEDHZEL AHETL LD,

<BE>

B> DNA FELFIIE, 99.9%— T 5L b T5, HAICED DNA BLFIDEV T, ZRE W BRI 1L DL R (Single
nucleotide polymorphisms: SNPs) (%, EF DNA 12 0.1%fF7ET D EE DAUBEAMEA DEICBIR T D, BIZIT, BIHITHR A
55V (ALDHZ: 7R b7 A TR BUKSERESR  OZM) | 5 E OFEANR T DR M (Cytochrome P450(CYP)7e & 37 3%
FROLH) 1T SNPsEBIRL TD, Fio, 7 rE—XELHIeE IS DNA 023 BEOL -~ 5, —J7. 1 AO
N& RIS 6 A D3 22N O s Y M A BRE L I THITIE CHAFTEL TV D5 /A LOBRIBFIZFRIC ThH A
FEHLL TV (DI TND) AR F OFEEEANED 72 D IR SR O A TLD, ZD ISR F I BUE ., AR F O TF#)
AR~ OFE O MR - AL - s - (R DM BB 2Rk D DB T2 &7 %, ZZTH Bz Biotechnology Explorer 0
pGLO 7T AINITIL, 7T/ —AF N mr OB In B ERE & £ T D720 GFP B D TONJ | TOFF 73 T& %, Z0

72D TINR T < LB BLOEE [TIE T T&D,
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@ FEBREKBRLUAMBIF~OBEAEL, BIZF SOOI HTET 5,
<EBRFPOFFEAR A >

OGFP OEAET (UVAH TTHLRW) & KIGEIZE AT 5ZE TRIBEIX GFP 2 EAL UV
EUETHENDINNT/ D, BB TITiX, GFP OFHRAE TN TNDIEEFES,

OF v MIE FIL TN AR CllaN ~BE T2 AU EEHRS B 2 OF TIT2528
KBRS D,

OT L2 R TR ThH - Th, MR ARZ D Z &% Bl CE LI L RIRBEFEN DI E
KBR 35,

OB N ~DOBARFDENIZ, MR DAERLCBAR IR E 2L OISR OB Th
%o FHSEFREICEDN CODH IR N EAREREOEE B2 5,

@ fHHEZ DNA FBRO AT A 7 5

<EBRFPOFFEAR A >

ORIEDOPHE ATV, AV — LBy ORDVIZw A7 Xy M WD E | ZOHE H%
FOFRFERER BIT VD6 DD 71T, WFZEL ~ L DB s F#AHz FEBRIZEIL T,
O - BEFEM LIRS B 43 THEF L . FEBRL | BEFET 22K D B LR35,

O~ A7mE’~y MEER L FEERE B ROFHlS & 0 TERE T 5,

Oz br—/VEBROFEFWERE | Fha il TE Ao EARICHE SAEL,

@ FITRBLI-FEE

BT DNA THLZ LM O D780 | T ERRHLL 7o KIGEE ST E R L 72 WO KAGE 25 DNA
LS VERKENC KD, IREHRHL 72 KI5 7 AR DNA (pGLO) DAFIEE 7T,
RIGE B HDZ L, GFP Z U R E N BRI L T2 KRG AR T DI EE DD DT |
Biotechnology Explorer Kit 2 % T GFP # /7' E 258925,

HDHNT, TR NG 2 SRS R C GFP Z L, BVLEL T RS R D
ETHMNDIRLIRD LT D DD, (HNHZ L RIE ThDHZEDIFE)

FEERORETIT, LR, @, @D, FITTHFEE MM A B X T2 ER LTI TER
BELMHALTHIEIZRDTLED,

AUZLA, FBROVE TREDRHDO TIIL, MEH R ENEZWIMEICL, EEDHFEZ
TFRBRELTEREMENITOILNEETT,
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. BENE

—1. EBRIZENLHOAR

T EI B R E T TRy —U—R 7 v ) ()

*E44E 2000

IR A 5 VT2 A IIAEI, BAR T LA 7 2R P A R 3 DI E R f

9
9

LN — R

(WD THESNDIZD DA R~ =27 N —H OB T HEE T

Bt i 2003

NITVT WY B2 E OMAEMIZB T2 IEMAINEDD | BME B ECRE R TR EMAEYD
BN D FEAR N FBR R EO B B A2 BB A O TRV, IS DNAFEBRY ARZ
A BE BB E A2 FZBR DO T aha — LR EIB R S TN D,

KRB A4 FEBRHEEAR Q&A

44k 2001

REBRKITEDD ? DNA ZAD HAIIA] 2 B An T FEBR I BRHGRIIAT 2 S AA AR
TEAIREAL 2 7o L EBRYI L LB AR QA T2 CAEL

AR/ KEEERT, mHE T/ [ ZDSDASAE AL T 4~ T 47 AD T DA A FEER
A E+A 2002

(AT AT AT AT ADIZOD | DD, FEERY) LA T DT ) Mg AE, 7/ L v T
AZVT h=ba T 0T I — SO E BARBIZR ER T IEN RESIVTEY, FIZ DNA fijgtr- 2037
B HHH 2 DNA EBROEBREE Foha— LB E T Ta, iz DNA FEBRIT,
Biotechnology Explorer 72, 7"7AIR DNA filiHH, BAIKEN COX L _IEfRNTH & HT-7 1k
I )L EEDIAEN TS,

IE)E R, REFM: [ CEDNAF AT r~T 47 A H LEIE, 2002

) DERHN, BB SR R R E DAL D EYITER T —Z N—R 2L, ED L7
HOBHY, EDOIDKIHT HZENTE LD 2 i, FITHEE AL BLAST MR 7T 74
AN, B RPE DSLIEE TR E T — 2 R_R— G T RO AL RS TED A E, 7 —F
NR—R IS NS DAY EIZ M ED 1M,

Sambrook and Russell : “Molecular cloning A loboratory manual” 3vd ed.
ZOARDE 1R (Maniatis et al) 1%, BinF LHFEBROFE Tholz, BIn 1 LPERT b=
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—IVDAATNVELT, 1980 FEAANEAZL K DB AR F LAFFEE 25E ., 265 3 b il o Fi i )7 vk
Mo, NIZ—DRFIEREHHPLERT v a— A NG ENTND, I, ~(7aT7L A% GFP
T7 0y — IOV THITD,

Cold Spring Harbor Laboratory press 2001 ISBN0-87969-577-3

URL: http://www.MolecularCloning.com

JRHZE (R ERE) THMZE LT ROIE) (M) EE &S e #2003

ZE R, WM SR, KB, e 21

AW FeFMET DN BELRNASDERETOHN ST SR OBIFHEDOHVITIZH
NWTELESTVD,

9-2. KEEF AW T HFE

1. /NARBLEE GRS B A R T v o~V U IR 2007
“Campbell N. A.: “Biology” 7th Edition (2004) @ H A&7
Campbell N. A. and Reece J. B. :”Biology” 8" edition 2007

Greenberg ] ed “BSCS Biology A molecular approach” 8" edition Everyday Lerning
Corporation Chicago, 1L 2001

4. Leonard W. H. and Penick J. E.: “Biology A community context” South—Western
Educational Publishing Cincinnati, OH 1998

5. Laboratory Manual “Biology:The Dynamic of Life” The McGraw—Hill company

(REE)

9-3. B URL
ONCBI GenBank http://www.ncbi.nlm.nih.gov/GenBank

OBiotechnology Explorer http://explorer.bio—rad.com

OWEB 7 —=77Z% (B 7 Bl IR BAA% - JST)
[FATH AT ADFEME— AT EBRO T o — R | (RERE )
http://weblearningplaza.jst.go.jp/cgi—bin/user/top.pl?next=lesson_list&type=detail&field_code=34

&course_code=672
HERLCT /A TED WEB #ibt, FREERIFHICHOWTT = A= a a2 GO C eI E
EOTHD, HMAZLICH 2T AL BV A FFEEREWEL T2 L03TE D,
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10. &Gk}

10-1. 7Z A3 pGLO D ERH EIBAnF- D Z 73 E LS

NCBIFT —#~_X—2AD—>Tdh% GenBank data MHAFEERTHE A L7ZpGLODHE Hfi¥11% KLY
HZ&bTED,

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 GI1:1490531
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. 17
/db_xref="GI:1490532"
/translation="MAEAQNDPLLPGYSFNAHLVAGLTPIEANGYLDFFIDRPLGMKG
YILNLTIRGQGVVKNQGREFVCRPGDILLFPPGEIHHYGRHPEAREWYHQWVYFRPRA
YWHEWLNWPSIFANTGFFRPDEAHQPHFSDLFGQI INAGQGEGRYSELLAINLLEQLL
LRRMEAINESLHPPMDNRVREACQYTSDHLADSNFDTASVAQHVCLSPSRLSHLFRQQ
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. 17

/db_xref="GI:1490533"
/translation="MASKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYGKLT
LKFICTTGKLPVPWPTLVTTFSYGVQCFSRYPDHMKRHDFFKSAMPEGYVQERT ISFK
DDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVY ITADKQKN
GIKANFKTRHNTIEDGSVQLADHYQQNTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDH
MVLLEFVTAAGITHGMDELYK”
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2636. . 3496
/gene="bla”
2636. . 3496
/gene="bla”

gene

CDS

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

/transl_table=11

/product="beta—lactamase”

/protein_id="AAC53664. 1”

/db_xref="GI:1490534"
/translation="MSIQHFRVALIPFFAAFCLPVFAHPETLVKVKDAEDQLGARVGY
TELDLNSGKILESFRPEERFPMMSTFKVLLCGAVLSRVDAGQEQLGRRIHYSQNDLVE
YSPVTEKHLTDGMTVRELCSAATTMSDNTAANLLLTTIGGPKELTAFLHNMGDHVTRL
DRWEPELNEATPNDERDTTMPAAMAT TLRKLLTGELLTLASRQQLIDWMEADKVAGPL
LRSALPAGWFIADKSGAGERGSRGITAALGPDGKPSRIVVIYTTGSQATMDERNRQIA

BASE COUNT
ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841

1369 a

atcgatgcat
tcecgtcaage

ttcacttttt

ETIGASLIKHW”

1368 ¢

aatgtgecctg

cgtcaattgt

cttcacaacc

1300 ¢

tcaaatggac
ctgattcgtt

ggcacggaac

1334 t

gaagcaggga

accaattatg

ttctgcaaac

acaacttgac

cctatgctac

ggctacatca

tcgctcggge

tggcceceggt

gcatttttta

aatacccgcg

agaaatagag

ttgatcgtca

aaaccaacat

tgcgaccgac

ggtggegata

ggcatccggg

tggtgctcaa

aagcagcttc

gcctggetga

tacgttggtc

ctcgcgecag

cttaagacgc

taatccctaa

ctgctggegg

aaaagatgtg

acagacgcga

cggcgacaag

caaacatgct

gtgcgacgct

ggcgatatca

aaattgctgt

ctgccaggtg

atcgctgatg

tactgacaag

cctcgecgtac

ccgattatcc

atcggtggat

ggagcgactc

gttaatcgct

tccatgecgcece

gcagtaacaa

ttgctcaagce

agatttatcg

ccagcagctc

cgaatagcgc

ccttccectt

gcececggegtt

aatgatttgc

ccaaacaggt

cgctgaaatg

cggectggtge

gcttcatccg

ggcgaaagaa

ccccgtattg

gcaaatattg

acggccagtt

aagccattca

tgccagtagg

cgcgeggacg

aaagtaaacc

cactggtgat

accattcgcg

agcctccgga

tgacgaccgt

agtgatgaat

ctctcctgge

gggaacagca

aaatatcacc

cggtcggcaa

acaaattctc

taacctttca

gtccectgatt
ttcccagegg

tttcaccacc

tcggtcgata

ccctgaccge

aaaaaatcga

gaatggtgag
gataaccgtt

attgagaata

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

ccgccaccag

atgggcatta

aacgagtatc

ccggcagceag

gggatcattt

tgcgcttcag

ccatactttt

tgcatcagac

accccgetta

attgccgtca

ttaaaagcat

aacaaaagtg tctataatca

ctttgctatg

tcgecaactct

ccatagcatt

ctactgtttc

ctttaagaag
ccaattcttg

gagatataca

ttgaattaga

catactcccg
ctgegtettt
tctgtaacaa
cggcagaaaa
tttatccata
tccatacccg

tatggctagc

ccattcagag
tactggctct
agcgggacca
gtccacattg
agattagcgg
tttttttggg

aaaggagaag

aagaaaccaa
tctecgetaac

aagccatgac

ttgtccatat
caaaccggta

aaaaacgcgt

attatttgca

cggecgtcaca

atcctacctg acgctitita

ctagaaataa

aacttttcac

ttttgtttaa

tggagttgtc

tggtgatgtt

aatgggcaca

aattttctgt

cagtggagag

ggtgaaggtg

atgctacata

cggaaagctt

acccttaaat

ttatttgcac

tactggaaaa

ctacctgttc

catggccaac

acttgtcact

actttctctt

atggtgttca

atgcttttce

cgttatccgg

atcatatgaa

acggcatgac

tttttcaaga

gtgccatgcc

cgaaggttat

gtacaggaac

gcactatatc

tttcaaagat

gacgggaact

acaagacgcg

tgctgaagtc

aagtttgaag

gtgataccct

tgttaatcgt

atcgagttaa

aaggtattga

ttttaaagaa

gatggaaaca

ttctcggaca

caaactcgag

tacaactata

actcacacaa

tgtatacatc

acggcagaca

daacaaaagaa

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

cctgcaggcea
gattaaatca
ggtggtcccea
tgtggggtee
gtgcaaagac
gacaaatccg
aggacgcccg
cctttttgeg
gctcatgaga

tattcaacat

tgcaagcttg
gaacgcagaa
cctgacccca
cccatgcgag
tgggecttte
ccgggagegs
ccataaactg

tttctacaaa

gctgttttgg
gcggtetgat
tgccgaactce
agtagggaac
gttttatctg
atttgaacgt
ccaggcatca

ctetttgttt

caataaccct gataaatgct

ttccgtgtceg

cccttattcc

gctcggtace
cggatgagag
aaaacagaat
agaagtgaaa
tgccaggceat
ttgtttgtceg
tgcgaagcaa
aattaagcag
atttttctaa
tcaataatat

cttttttgceg

cggggatcct
aagattttca
ttgeetggeg
cgccgtageg
caaataaaac
gtgaacgctce
cggeeeggag
aaggccatcc
atacattcaa
tgaaaaagga

gcattttgec

ctagagtcga
gcctgataca
gcagtagcgce
ccgatggtag
gaaaggctca
tcctgagtag
ggtggegggce
tgacggatgg
atatgtatcc
agagtatgag
ttcctgtttt

tgctcaccca

gaaacgctgg

tgaaagtaaa

agatgctgaa

gatcagttgg

gtgcacgagt

gggttacatc

gaactggatc

tcaacagcgg

taagatcctt

gagagttttc

gceccgaaga

acgttttcca

atgatgagca

cttttaaagt

tctgctatgt

ggegeggtat

tatcccgtgt

tgacgccggg

caagagcaac

tcggtcgeceg

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

tggaggcegga

taaagttgca

ggaccacttc

tgcgetegge

ccttcecgget

ggctggttta

ttgctgataa

atctggagcc

ggtgagegtg

ggtctegege

tatcattgca

gcactggggce

cagatggtaa

gcccteeegt

atcgtagtta

tctacacgac

ggggagtcag

gcaactatgg

atgaacgaaa

tagacagatc

gctgagatag

gtgcctcact

gattaagcat

tggtaactgt

cgcecctgtag
cacttgccag
tcgeeggett
ctttacggca
cgccctgata
tcttgttcca
ggattttgec
cgaattttaa
gataatctca
gtagaaaaga
caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccagcet
gaaagcgcecea
ggaacaggag
gtcgggttte
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcegg

caccgcatat

cggcgecatta
cgccctageg
tcecegtecaa
cctcgacccce
gacggttttt
aactggaaca
gatttcggcece
caaaatatta
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggc
agttaccgga
tggagcgaac
cgettecega
agcgcacgag
gccacctetg
aaaacgccag
tgttetttee
ctgataccgc
aagagcgcct

ggtgcactct

cagaccaagt
agegeggegs
ccegeteett
gctctaaatce
aaaaaacttg
cgeecetttga
acactcaacc
tattggttaa
acgtttacaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgetgecagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgeggcec
tgegttatcce
tcgeegeage
gatgcggtat

cagtacaatc
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ttactcatat
gtgtggtggt
tcgetttett
gggggcetcecece
atttgggtga
cgttggagtc
ctatctcggg
aaaatgagct
tttaaaagga
gagttttcgt
ccttttttte
gtttgtttge
gcgcagatac
tctgtagcecac
ggcgataagt
cggteggget
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
tttctectta

tgctctgatg

atactttaga
tacgcgcage
ccetteettt
tttagggttce
tggttcacgt
cacgttcttt
ctattctttt
gatttaacaa
tctaggtgaa
tccactgage
tgcgegtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtecttac
gaacggggses
acctacagcg
atccggtaag
cctggtatcet
gatgctcegte
tcetggeett
tggataaccg
agcgcagega
cgcatctgtg
ccgcatagtt

ttgatttacg
gtgaccgcta
ctcgccacgt
cgatttagtg
agtgggccat
aatagtggac
gatttataag
aaatttaacg
gatccttttt
gtcagacccce
ctgetgettg
gctaccaact
ccttctagtg
cctegetetg
cgggttggac
ttcgtgcaca
tgagctatga
cggeagggte
ttatagtcct
aggggeecess
ttgetggecet
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
tceeeeggece
gtggecgagece
tgtggegeceg

tggectgegece
cggcatccge
caccgtcatce
acggggectg

cgatcttceccee

gtgatgcegg

ccgacaccceg
ttacagacaa
accgaaacgc
ccaccatacc
catcggtgat

ccacgatgceg

ccaacacccg
gctgtgaccg
gcgaggceage
cacgccgaaa
gtcggcecgata
tccggegtag

5341 aggatctaat tctcatgttt

BCHI T FRREHATR 013, 7 e —2 —ElS & FRARTIIEIR T A Rl TS,

gacagcttat c

FVTFIVEG
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)

[

“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 &7 72 0iE60 72 GFP BBl L 72 GFP 1X, il RANDOENR ChtE S =45
B EWEEREE A TS, GFP OFREGHIL, 65-67 FOTI/BEIZEVERSN TS, —17,
DNA 2y 7V 7R BEIREN B AR T DR BIS N aOE R EE DS v GEP (X, 99, 153, 163
BT I BEEIDELZ>TND,

Tyr 66
Gly 67
H‘m('\:;cy;\g N N/\g _> ’N
n H . H ~.
N BB WO Ee
Ser 65

GFP 1%, 65-67 &7 /W2 (Ser, Tyr, Gly) ICEVRAMA TR L . /MR LD R T 5,

Phe99Ser
Met153 Thr

Val163Ala Fluorescence

Emmision

400 500
Wavelength (nm)

DNA 7V 72X aH LA O T VB AL’ 85, (Phe99Ser, Met153 Thr, Vall63Ala)
B CEAEDS DNA Sy 7Y 72 BB 7 GFP B85 7 X0 GFP. B R4 RIZ LS
JhLZh =R A3 i<, OGRS BV,
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10-2. pGLO 77 A3IFK DNA DjL i

AT 777 538D GFP #6128 18 pGLO 7 7AIR DNA IL, <o EDNTEZ T T AIRAN
7% —pBR322 Z_—AIZ{ELNTZ, 22T, pBR322 77 AN DNA HHIIKIFE 77 AIR DNA
ORI Z IZIVES T, KIGFE D77 AIRK DNA  pMBL, R1. R6.5 7254 % ori amp® tet” 734
DHISHL, pBR312 2AFHILEIT-, 2D pBR312 75 pBR313 Z % CT7 7 AIR O Hxt B a1 2
120 pBR322 23MESIIZ (1), 2D pBR322 D tet” LU )i s A HVERE | araC Bl4lE pBAD 7
E—ZEfE AL, F-IHEEE SN pBAD S — X3 5203% (2) , pBAD 7 F Z3IRZ GFP &ix
FaY T ra—= F U RSN 7T AIR DNA 73 pGLO THh D,

R6.5
“
‘
r
amp
*
@.%’ ']
4
pBR312 pBR313
BR322
~11 kbp > > | g5 kbp n—> ‘2_ 4 kbp

/ l ,
s
~ / ~ \Yrac
pBAD
~4.5 kbp '\
A\
@\ BAD promoter
cDNA

pGLO clone
‘ ~5.4 kbp GFP

.ll.>

(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.” J. Bacteriol., 177, 4121-4130. (1995)
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10-3. JPE SN RINE DAENEZ DUV T

O A7) — LI - iR

BIRTIAT TV—%ERL | REDBIR T E2/n—=2 T 5B D EDOT A7 7V —DNADD,
FELDan=—% L TR —= T T AMERD D,

AAAAA---A

i wnn/ 0 0.1-1 £ g mRNA (polyA RNA)
/ /"\/wwwx---A

mRNA (polyA RNA)
5- AAAAA -+ A3

3-TTTTT -5
AUIdT TS5/ v — BEEEER

AAAAA -+ A-3
TTTTT -5°

wa
[l

DNARYAS—+ .
RNase H *Ecoli DNA JH—+

AAAAA 3

TTTTT -5

l UL h— DR MR R LE
2o il

w o
[

3]

l RYB—~DERE

( R 5—DNA ) ~10 ng cDNA

kh%«@%k

mRNA (polyA RNA)IJﬂ*?’%mDNA%»f?‘%U—

cDNA A7) —D{EHL

HIRE SRR 72~ A7 07T WEALD polyA RNA 2K L Gl B RESR 2 AW T 7T
V—%AE 5, 747 TV —ERIZIT, %000 TRERARDL DR DNA &iX, /774
HWifiil7ed, ZOXH720 80D DNA TRIGEZ B TELETE<Dan=—%FHS
BHZEICIVEO 70— BAI) == L0 KD, 220, IWEHEH RN E B2,
W fEE CRIBH) & & — (FFAIR DNA) LD AE D, 2B TNTa BT o Mill i i 5
FEDENCTEE AR T LI LB E RS O @O R &2 W TERT D, FHMIE, E5BRICH
W27 ZAIR DNA EEERScan=—4urbet L, 7*7AIN DNA D1 u g THREESNL=
o —=—#% (colony forming unit: CFU) CLh#d 5,

BB, ITATIV—ERIT T 77— = HOD B AL E N,

Bz 1E, pGLO FFAIN DNA 1b—7 (9 10 1. %9 0.8 pg) 2T, IWElsh FEr%E1T-
7eeZAT L —RY720 190l Dan=—RER SN LT 5, ZOWE | IWEIR#Z) 2T, 1.2x103
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=/ ug 7 7AIN DNA Th D,

M EEiashaE
250 u | TF soln.

250 p1 LB broth | 510 ul
10 11 pGLO soln.

TL—HZBON-EORE TL—rEEYDTSRIFE
00 0 Hg=0716 u
510 ~ O HETTID LS
1900 ~ ,
016ug 1,187 = 1.2x10T a/ug

TSRIK 1ug Y=Ynan=——%

TR R DO RNE

T — MDA TS T TAIR DNA BElan=—H ORI LB R E 42 Rd HZEN
TX5,

FAT TV —DAI)—=2 7 TlE, 2O TV — M VT AL an = —2ES T AR D5,
ZZCIE  EHEREANER DY, 107T~108 {8/ 1 77 AIR DNA D=7 Ml OIS #) & v
by KFEBRE Z0rHea v T U MlaEL bW TERLIZGA . FBOan=—%2ELE57290
\ZM B2 77 AR DNA &%, 1/1,000 25 1/100,000 T3¢, X 16 OFIOHA Tl FE s
ZhERIN 3.2x103 21/ 1w g 77 AR DNA 7251 30,0002/10 1 g 77 AIK DNA THHDIZH L,
BN AN 3.2x108 21/ g 77 AIR DNA 7251% 30,00022/0.1 u g 77 AIR DNA &72%, 20D
I E IR DO BT Ml A VUL, ng BAZO DNA BN E TEEAs)—
=V NARETH D,

O WEHSEE

FBRITHWZ KRG D5 H 77 AIR DNA Z IAATE RIGE B ENLDWOBEE CIRAET 5%
HeE T DL ATRETHD,

KIGH &7 7 AIR DNA ZA LA TE RO ARGV AT an=—Z2 B RS E 52 THIAATE
R O RGHE A HEE TE D, 22D BRI L — MY 7o 0ITAFE T D 3 5 E s A+
FERE RO/ D) 3R L HHAATE KIBHE DI HE DFEEDOBEE T7 7 AIN DNA %
IIAATE BRI IT) RIGEFAET 20 HEE TE D,
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250 | TF soln.
250 1| LB broth 510 ul
10 ¢l pGLO soln.

ERCRE: /\

Fa—THNEH
—FL—MEMER
X10 X10 X10

FeEsrfian=——%
TL—hRmESk
=f B ERIIALRE (%) /o

o o
00 o
o 4 o
o oo o

o_ o

ABAATERINGH DD BB RS VTS BE D HETE

AL TETF 2 =T DO RIGHEEE IR Z — & BB IRUAIR RN Z TR 721% | FLAEMEEZ & £
FEHICAERE L, 5538 952 Can=—B0bF a— T NO BB EHE TS, F2—7 NOFE )
LT L —MIRMU A G R L BB = — e T D D LI KB B R O S %
WE S5, WEEHEE ZHE § 5L 77 AIR DNA S KGENIZHIA ENABEE TR L Tl
WZERDIND,
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1) ;

1. IBEEE# L — O =——520 {#

2. AL F 2a—T7 DFRZAFINSDan=—F—x 10" 389 {#. x 10° 36 {#
1, 28I 1 DT L—FY720 100 u | O AR Z AR

TPV ORERE G R T D,

TL—h EOan=—#ZETEL 7L —MI, 10, 10° L& 265,

RV L —NImr=—Rn L3 THETERW, Fo, W7 —hoan=—4#% 10 fELL
TTHY, BFHEECXITS,)

389 ff x 10'=3.9 x 10°{&. 36 {f x 10°=3.6 x 10

FrE: 3.8 x 10°4 (F'L— D25

ZIT, PEEHR LT, 520 HTHHILNG,
TE B HBEE (%) =5.2 x 102/3.8x 10°=1.4x 10" (0.014%)
T b,

10-4. Luria-Berterni (LB) % i3l J5 4

LB HUT, BAET22L0TED, HIEIT Smnb BAET 507 kL TR 755 ok R 2 A
THHENRGD,

Oy OIS 2 h1k

Bacto—trypton, Yeast extract (£ DIFCO #1:#4) NaCl GREERF#%) . NaOH G FRR) . R K%
MEL. TRloZE TR 5,

200 ml =F75X3

«— K 100 ml
<— Bacto-tryptone (DIFCO) 10¢g
<— Yeast extract (DIFCO) 05¢g
<«— NaCl 10g
y

A

R
<— 10 M NaOH 10 |

JEEXMR 12¢
ke

F—roL—7T (121°C, 20%")

ke
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ARG A AR T D5 B X R R LZR,

QBT B KD 2 51k

AR A . B ARSI X AT | KeH LB

LB A= 140 (2.50) IZA A KB LIFZER K 100 ml 20 880 INREMRL
121°CT 20 7oA — L —T7 WHE T 5, RGO A R AL, OLFERIZIR,

Z O FERIL

TV T T Y A GREERER) 30 mg/ml (BIEK)

TIE )= LH+) TIE )= GRERL) 200 mg/ml (B K)
TL—NTIAF I T — AT D, T — MR, EDOLHRRESTHIEZR N,

10-5. A —hr7L—7 LIS OJE 51k
O®zEJRE (160 °C. 1-2 H#fE)
BN 254 T, B T AZR B O E I W5,

OK KW
KCHEEED 5, HeFOWEZRETE OB VD,
OA it

0.22 u D=brE B —RT 4 NE =R E TR E AT D, A — L —T7 12T BN MLEH
P NTE RV E A B T IR OB (BRI (2D,

O AP

TFL A XY ARTATEBUIKE T D, BUZTTNT TAT 7T L —h(RIRATFL R =F
L) ORI WD, 8H OEWETT IAF 7B O 203, HABEBFIN TS,

10-6. #A#Ax DNA EBRIZIB T L MEEEL XL T8

A Z OO BRI, FFEMAED OMFEEE R ThD, ZOT- D BEREEELIL, FHRR M
DOBAEDPNRASERNZE BEOERICLD W TCODMAEDE NI SN2 % B RYE
LC5, ThbbERBIEROZEFE TRECHREITIBAL TCWDHE, FiTitho7 L —No4k
ZCNDHE DAL ZI% P T I A EAE 92, WIRMAEDZ RS A 1%, EFRROIMNT
WAVRWEEL T EN DD,

—77. DNA-RNAZ B L&D MEEEAEIL, DNA-RNADZEMEIZ B D DN AL fif i 5%
(DNase) R°RN A3 fi#f# 5% (RNase) 72 & DIZ A 53 il s (X717~ :Nuclease) D F2ER R ~D Ik
Az EZEN B THD, ZOTD R CEFEREAETHHAEY DI DYE L DNA-RNA HL
DINDEE TIX H R ERN e D,
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K7L T =B, MR F DD T2 BREE, K HITIXEBRE OMER-CTTNOHIRAT D, £2
T EHTHZREI T TEH ML —7 (FHEZAER) WE L, 512 EDTA (DNase D3545) 72 EOFH
EREMA B, Fiz, MERCTF OIRAZBE T2 IDRBUTIE L~ A7 0 F 8% 5 75,

DNA-RNA ZHEHHFEERTH, A — ML — T JRE S RO MEGRE 21 T7207-0  #EA K
A O BEEH BB COD, L, BIIZE-72K B35, b AA A Na 4340
X, ZOMAENOLXIL T - BN 23T 52050 25D T, A ERE CIAD Z LIRS E D
ZEHNETHD,

BB S RS O E I, A — =T BT D4 NI RN TS
72T 0.22~0.45 p m FREDRT P ARXEH DT )V F—TE KA B L, W QEMEZIIBRE)
5 (HIBIH) . ZDOSIETIX, 20 ThD DNA S fRfEsE<e RNA DREEEIL, 7 V2 —%

WO TLEI =8, DNARNA 2555 G IR TE R,

DNA*RNA i CHWAEESRIL, %n@&?iﬁ%@%ﬁﬁb\5&&%612‘~%?wa?&2Lf:ﬁ%‘@ﬁﬁi
AR, TELETF XL 7 -BOIRAZ N T %,

10-7. FBRIZFHWAHAKIZOWT

Ok (&  KBEANZ L D88 O Ped)  AIOBHERS BEYEE IS DWW e dn B B2 00 AKE & |
Lo THKE Jit#ﬁéhfm@k@k BRDVEEL TWD, BB OBEEHTHWD, et o737
TN ZOHRDOEBRTHNDLL LD KE WD,

OAF L B AT K (R P DOREEE | A EER) KBRS A T AR IZ L
DAL BERESNTIKTT, MgReCatf A NELE ENLHMKE FHVDER L, KB L o4
CRRNE A B LTI EO 0 BN DA E BT 5, H Cld, A — ML —7 I L THW S,

O B DYEFE | AT EER) - A4 2K AKEKE BN - KL L2 A R A B H 5
ZETHELNIK, BE R TIE, A= ML —T7E L THWD, IEHUE: 1-3MQ -cm F2E,
ORI (& <7 E AT I8 Bhfiiaks 2R, ZE1L 7 9E5R) :Reverse osmosis(RO)BEALEE, MilliQ
HEEALPR | FEBRILER | AL RS E D F{EAa W TAA L ZBREL , FIEHUE 1—-10M Q -cm
FEEDKDZEED,

OfE#iK (DNA 7m—=27 FBk B OB 38) A A4 A Ha ks IR WU BR | 6 M fR AL B
Reverse osmosis(RO)EALERSE A/ 7 & ¥ CULERS =K, FEIRHUIE 17TM Q sem LA L,

FHHA 2 DNA SEBR Ol 42 KB A S HIE D853 Tld, KiEKIZE £hD ClL R Fe REDA
AL ROBRE A —b L — TP LT BA A KRB K THIy Th D, B -CHE
728 BRI E DL | PR RIS E ENDEHEW 72 8 O RBE TR0 R IR E7 3
IKEPRE L T2, #lH#2 DNASEER THUYD DNase <° RNase Free (5 %720 K i# Ki%
9000 /500 ml F£J& T HARY —2 728K A— T —IBHTIREIL TV,
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