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plastt MREMA (plasmogamy) & Al 3]
gAY Lol $HSUt. B EAH (as) ) 9
Mifaze ol A& MBERE A o] 5. Ty
(karyogamy) 7} 4ol e},

V. #®=F#E#¥54#F (Recombinant
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Saccharomyces cerevisiae, a %
his-4, leu. 2, thr-4 (C°E°. p° w’-KIL-k)
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BETA-
GALACTOSIDASE
GENE

NUCLEOTIDES
SYNTHETIC OLIGONUCLEOTIDES(EIGHT FRAGMENTS)
GENE ASSEMBLY

}
g:}ncxéy @@@@@@@@@@@@@@

S CKY
AATTC ATG GCT | GGT TGT AAGAACTTIC  TTT TGG AAGACT TT|C  ACT TCGTGT TGATAG END B
N

G TAC CGA CCA ACA TT|C TTG AAG AAA ACC TTC TGA AAG TGA AGC ACA ACT ATC CTAG
-t E F G H——>
N ) . v

BETA
GALACTOSIDASE

RECOMBINANT

SOMATOSTATIN

. PLASMID

PLASM]D

BACTERIAL

DNA
TRANSFORMATION
IN-E Coli

BETA-GALACTOSIDASE

(MORE THAN 1,000 AMINO ACIDS) SOMATOSTATIN

l, CLEVAGE BY
CYANOGEN BROMIDE

BETA-GALACTOSIDASE FRAGMENTS,

N

ACTIVE SOMATOSTATIN
1122, SOMATOSTATINA Mo &l T2

—~56~
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FiLehel THELUME &
FSebul SHkEEF (G

°}'T_‘r’” skt
S) e ‘?‘—?—E}'“\l@; syntha-
se(GOGAT)oll o3t &K= A GS B
A 2 (ATP) Wz Eol werh 2aiu KiGE»
7o HiEe) A= gt ELulobE #fkste TSER
Bl S A skl ol b 2EEFK Sl Tulelb B K
K #EEF (GDH) 7} A3l 2 2 ATPE #oksh
A dnE AME 94T F Adrh A7l A
obatod AS1EES ol Al iHek st A2 EkE B
=l zojch ¥ FREHELS B ASIHE oF
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AMMONIA

ATP
GLUTAMINE
CoH GOGAT T
ALPHA- ALPHA- \
KETOGLUTARIC KETOGLUTARIC
ACID ACID
, )’
' GLUTAMIC GLUTAMIC
ACID : ACID
1 E coU
- — PROTEINS AS1
gdh

\4

CLEAVED @ PLASMID
e O+ —

i, gogat . gs
2 RECOMBINANT @ +
PLASMID

MUTANT E, COLI (GDH")

@9—-¢;

<-..-_-

MUTANT AS1(GOGAT")

=) .

AS1(GDH")

E. COLI(GDH"

3213, FHA =30 A3 oiuiX] Ford EkS HiE

GENETIC ENGINEERING substitutes an energy-conserving nitrogen pathway({ lightcolor) for the si-
milar but energy-consuming pathway (dark color) in an industrial microorganism, a strain of Methylotro-
phus called AS1 : '

By means of recombinant-DNA techniques the gene encoding GDH isolated from E. coli and spliced
into a plasmid(1). Mutant E. cok lacking GDH are transformed with the recombinant plasmid(2) ;trans-
formed cells are recognized by their ability to obtain nitrogen from ammonia. Recombinant plasmids are
reisolated and introduced into mutant AS1 cells lacking gene for GOGAT(B). Tran_sformed AS1  cells
(4) synthesize GDH and therefore grow more efficiently.
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K48 auxotroph® wtECHE, AWRES GDH
BEFE BT BesE o2 2 8{EAAHASL
auxotropholl EQJA]ZI B2 4 olEE GOG-
ATHAldl GDHE We Bo2 FES UL
Ux)ghRe] £ Ho A BHES ABEE
T 4 A =gl

3. Plasmid2| R0 28t #Ek
'R

BB ( transformation)- HiliE DNA
£ o] 8% BIZF{RE JHkolth. Protoplast
AR fro] MHARR DNAEZE YA ¥Idte plasmid
DNAZ Refathols BNIS o HFEEs e Aol
5% ejck. Charkrabarty dshe fEEHo] W
£ plasmid RP] (5> F & 38MD) & 4 A pse-

udomonas putidabk®] WHEEHRA  HRohet
STRAIN1 STRAIN 2
CROSSING AND
CHROMOSOME PLASMID PLASMID RECOMBINATION

Udrt. Plasmidv Hefatk DNAZ A Bikelx
Mg BRHENOIA BCEEYE + Y2
HEE B EEEHE A4 3 HE
ol 4 o}E MIHLE &M= V)T ol EEM
Bazb #2482 2 plasmid DNA7F vho & BEHi
T F5 U o)u] o} E MEMEH Bof
7} 22 A B (transformation) 0] dojut
2% gdeh ol®d B FIMstY B
el FERE T4 e Aolrh
Pseudomonas/® MigE-> 1%, Wik, #Kol
QA A4 A25F Bl Aame F
B + 3 53 RILKEE &L + e
Aol wrl, 1% Pseudomonas putidat oc-
tane (OCT) camphor (CAM) xylene(XYL)
naphthalene (NAH) 3% &{tslc BE: ¥
ALske plasmidZ AL dhuhE ZFR L Q1-go)

A3 gleh,

STRAIN 3 STRAIN 4
CROSSING

&é_

e

CROSSING

SUPERBUG

38 4. HBRE&ERO| oS BHEER

“SUPERBUG” that can metabolize the major
hydrocarbons of petroleum is constructed by the
The ability of four
putida to

manipulation of plasmids.
different strains of Pseudomonas
metabolize either the camphor (CAM), octane

(OCT), xylene (XYL) or naphthalene (NAH)
family of hydrocarbons depends on  individual
plasmids. A strain that can degrade all four

families is constructed successive crosses.
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< E}%ﬁ% FASE Ao s gk
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3) [} %% Bacillus Subtilis®] @HEH
4) HFEE a-amylasedHl (w/mé)

# zea wlelel iR e AES Y BE
TE @Est=2A gz 9don oln 2
A3kt 43 g4stsla ek LEFA=ht B
RINF 45 ubol e 24 o] KBWFEAN AL 22
b= of Wil Fobe Aol 2o RN
el 5%3’—912 AL, LBz epo] o] A
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= FEE AUe BER EEST =k 9l
Zelo| = AE2E AL (bEAK] WEE
3k7] @ Eoll, fadzbzatel] ojF AU AR
dl LA gz}e] sl Tepo] = EEEC EA
olc},

ESEEYE T AT BHEAEBRIGHEY
BS #EYA ZEAAA £ESE Hiis
HESI oW BB LA B &
L& #imsle BEFHELE £ES 1
AVl BREAEE F838e 18 A #
4 o] M Ev BRI BEF#fEo] o]F
AR L Aolu cilels MRS Rk
( species barriers)o| lo] 2] 42+ &
o},

= fEfElol = BE#EM (nuclease), DNAfHI
BEEE ( replication) &% (transcription) EHaR
(translation) 2] IﬁE*O] 7tEEe ol o]
E FEEok gk o] F RS UF T3
2 AT *3‘3""‘—1ii AP e A
olth, & KIBEEEE 2 penicillin acylase 2|
JBfE15 pBR322 59 plasmidell &led X
BEE LA A 223 F BEFHEERSE 4
PERS REKS] 50571 fkatAE FlEst
A, REMAEWS TEABRMEEBRERT
£ pPBR322% #el &3t KiGE 221k
A 4I¢ AE At

dubx o2 fo] MEEEE AMH S| Fol B
MO0 E wko] o]+ Bacillusi&olvt Strep-
tomyces/® M H#E 71 KBS
A EREBl A= ot FAIzr obA ol
Qi et 37 ombe] soll ABEEES
d B RSl AHE-E BacillusfdE— el %,
W EEE - R Ev BREE— %7t
BAFE S o M Aok ol IR Sl ook & A o]t

A aFodo aee] Z-& WEHY T
FE—o e BFel AYHT Jdv Aoz A
Saccharomycesj@, Bacillus/ % Strepto-
myces/B 2| —HfEd & 4 . olEL =
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F BB Xole T8 BEREA KB
EEE A B RE=A 4  EET
a2kl ZA olutxFhAl H AlEEHE  Ue
Zoleh,

Cold Spring Harbor®78Z ¢ F. Heffron
o ¢3t® transposon®lz} BBl BEERTF
Woll HERZsle BIETE BAAA 2E(L 4
e HEoE RARERE dov v MEE
% PRS2 2t & transposon®| [
fillel A= insertion sequenceol] A 4 HEsi W -
T HE#ETE 294 M2 replicondl] o]
of, WERALT A+ o ololfrie 7

o|t}, Transposona o) 3| 4 2lfftiEaS 7}
2 Qle], genome B8] fFEE A Wi
“ %3 chromosome DNAJE £ =+ ole},

. RAMRAER ol B

ALERERE O T @K KR
2Ed7bA 2] PIEME, BER Ll ofvix
B - e MiggE S AEMS 8v 4%
Hol Holgteh ol % Hike BERFEMEIY K
B N BREA BEL&M 9
) EfslE HES Aol ohvdel ey
B elsto] w2t phenotypest b3l =
FHARABERE ICAT o a4 of
A e Axsh vk S REALRE R
e A= Edll Al £HETAAE LFHs k2
Zffoll A= H£HsIx @& BEEES Zac}
RERZUHERKT 2 fI2 A b BRI
ol 4 o] BRKE EHAT Aol vk F uwe
HEsRME TRl ulEA S HA kA4 B
Heh RERSEHAREE A8 HELAHET
ol A 5534 A JAFEsE Hal7bx] A7)
oh ohgoll o] ZR¥F AFSF Yl o2
REFFOE BERES BAATH 4%
= ARSI welbA AR HE sk A
zhabel, FFEMRE biotine] FhoJftiaslw F
SFEFRIMEAE PR O] ARTRESI o] REERT LT



Kol AL biotine] FHAFHEHAE TFEL
nifgo] KE4AER ‘

#2(19811d) Denmark®] Odensekz¢ B.
 E Uhlin®lo] X ghutel] oj3tw HERETS
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