Osaka University Knowledg

Title FAOVA) I —DREREZTD TS RI NMREN

Author(s) |#R3E, FHE

Citation |KFRKZ, 1982, HEHwX

Version Type|VoR

URL https://hdl. handle.net/11094/1276

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University



F 4wty TR L
075 A3 FAKENE

198241 A

Mmook A



55w

RERKOMAMC L5 HB AL, AHERLEE 0 H e 04
By RFAL L TEACHRENTE, (o KBS NB KX
ML Ea % FLLHERo-RELL ). Lot THRAM
BBETE 2HAARBATHS, B G OGARIL REW D B4t
HoBRM B B 580w, (A L0 MhkoMAH
2L 5% REORAY AMABo AR L. R REA N BAEL L
£4) . BERY  BEFHOCBHINLE LTt 12T
AART L, TA 0 CZBHBRRYILELNB -T2 )4 T0o L
HIRK L FLR DO Lovobactnium op KITZRHR & 5 SR & BT
251 ABUBRSTARRAL . (NELRT2EEToRL
RUREEN TR EF -1, S THLAENS T LR # 4o
Ko Y4k ks kdlk L) | THES L TN ALY
AEHBEEALRET 25 ¢ 4B 72, L 1Chr 3% 41
MBaqd NZPABRA LB TH) . ALt toRNIEHNTEM
G165,

1982% | B
2%



V4
%5

%1% +
%1%

% 2%

% 3%

[

3%
‘ »
ST AT AT AR AR AR
a &
=X -“3%190 T NIE B D

W o —
e~ SITUET

f o) 3 hRER B LMY
%3

FRM AV &

RN

6- AminoRixamoic ok cyclic dimen,
Ryof/wfw 6)%{%%

WH o RE

27 F

# %o uy
HESUIAT 5 EH| o HE
R E ZH Kn, Vin O RE
2E5E

73 ) #ans

ZF

24

A a7 Y 1'% ‘/n\%ﬁ%\,’% N9’ R 5 }“iiﬁa
%% -
TRMH RS 7 A
=k
75 A KHEEER
UL %P o ek T bM.

Y %248

L1 AL

23

a5
31
31
3
33
33



5 FA a- RTLBAAEILEL TSI AN

O 4 Fy 37
6. BIMEEBKLL A FaRlE £l
Shth ER m
5% B . | 48
%9% 4o ut) I R-4HB75 23 F p0a029

AR A 50
41 % #3 50
B2t ERMMARGT % 2
23% & 59
|, K& T35 AF (000 KE RO HEE 59
2. pOAD2 L pOADA| o TR &t 30 62
3. E1LELgEFonI0-=v 9 %
4 ELBEF o BB AR n
) pNDHS o &) TRE F 0 B n
B R&k5°95R:z postkl n
O KMATERINS 2184 m
p) EI 9°0% - 9 — ORBIE 8\
5 el @EF 0 FBAS 3%
N RES Rz 0k %

B) fa UVSOE - 9 —AETTO
Bl Y545 T o R, 8
b, EL*EE 0 7°F 22 F (poava)iKG K K
7. pOAD2 Lo £} ) &K | W7 45
B4t ZR (03

% Séﬁf’ 24 106



WY (163%)
3 A LK
AHLILB 4D b B RS

et

109

(13

13

19



i

MYhowR L oK 1iéhe WK BRREE 0LXIoH 4
Bl NodREML | {BABKIND R L - 7
tokhhko AR BHECHL | AL L WA | %0 8K
EELCHARER LT, LoBRIBETT. VAN B
MAM»H | bt h TANSHBEELNLE | 2 E x v 3 B
Re-TvarEss DRI TwaELs LBE L5 % HB
FHERL LN A Lo kA2t RTHEAT 505 WHE
A TABC: 342X EE 0 R Y NE Y2 0P8 1
RERBRoME 0 B TIKHERNORANL L ERCH D,

B A C R TE SF TN T ¥ Yt AP -1
()24 t4d3LibhNTvg . #lig 548 (LWBY
ARET IR L0y AN U 4BRIE) Ko dAEGBA
PGBy -LoBARY I LHLC. s 073 JdhobRbo
BT 4+ RRAZREIANEL 06BN K LTS, - o
% Qﬁﬁx}_%%@ B\ Br#A4h 1 TJaco X Monod 042§ | T:4~ 2
2o RECHER | UEREAEHLARA T < N LR AL
TURBCH ST 284888 2708-9- A~L-9 -4
Ko HhEas), Ny b%‘léﬁ”ﬁfﬂ%ﬁ Lo AL s )3T LT
BAXNH R 1w (4wl AVBRBRTH-7 4
AodAtEREATEF 0 Ao BE+ RHE M 154
CHAT Lo ChAB Fabiiihv, #-1 %G T BN 204
LR~ %HEH-Zal rH4 0B Ko AMAATEMMSZ 0 )
WAL BB S E ML S B EB G0, Bii sk 9 a-4aCil
w1, MAMALABICES X Lo TRT S ) BT 4
REIWN, 104f@o7: ) ot THMEMIL ALLF R 7:
JBAGETE 5 4105 L BEarak L. ® o aludes

l



Aebdnogenant 1 8% oM MA KL e LU j—lsk,o%%‘;jlym
dﬁﬂ,?d/wymw <1 %0 HBEMA S 5. 2. Acimalobactor. caloacticuwg
X Paendlomonan Fw(/w(a » - }Qd,ozu(,cpw(x Pm‘,ﬂmm,g [ Flﬁ—;ﬁ'f) )\&ﬁ
DK musnolactons Hydroline b p-Botoadipate enad - dastony
dpdadoas 0 7 3 ) S| ABK 10 5F 56" L odeihE
Boe MELNTW B,

Ohno 1. COMARFAMILELETF 04 B+ NETHE S
t R E] Nl AHEAL RS BEoBET Mo §E
L)ALt Bo Bl rE b RARNIGALETHSH, RIE
AHAN L UBE NG v FEO R AN LIBAA AT 0 )0 <
4" VI 1A Lo MBANCER S NETRAEE) LT
Blorkk A, Sl BANEoBRFEAE TS BET H
WEEH - L BETF AL UG Lo 4 - #28 CRo
GNTw 3,

Qmﬁaéu.K%ﬁnp%wwmmuﬁﬁﬁﬁ%%%ﬁkk
B (ahacZ B YH) AL LacBHE LB FREZ LN T
I3 ddcoe7 LA L 120 ML QBRBTERTALAT NS
&%memefﬁaZ@ﬁ%i%&UﬁEﬁ,&#%éﬁLf
NELIE LT %40 U0 BEF ehy (enolued fp-
galictonidant ) L FCE B LB (£ L Hlk b Zugl (1.
BRBEEBESTALE ~0 ehy BEFANCHZ 4 4 oH Mo
2h 5 a0 BRI LW AT EEMAEETEEE A
( f:'on) L. U — KD Pamoloronss  aeruginoan O aoglamidadg
DEGHEUEFRE N, GRBAT ThAL s ¢ 4L Hico
2P NYR (1 UFE Ch s+ EE BT 0 RR L T
ARRTRE S NEF AMECEL v | BEFLAAEEMR
DNA L. TAZ » T 2P ) BIMIEHLE TS,

Woho#HAME othRAEN M- 1. BN K (B il

2



D EH) CHT S AUB B ADT RRI G, CobkGE
Bxokib 4% THRPIER Lo BRI R) 75 2 3 0
Tbh HLKBANTIRI Vo F 1 pSC/Ofm)/ WLET" % 9

W5 22 FE v Al Kol BEIER oklbr#tho
e L AL, iH AFiaA ANt 3] RYT
AIVeind AN oZBehbrL G 5 #HNETA 15 &
LA ) R (@5 ¢ HD Bo EHadMUEE T 2Eiar
BABRF FSLAEY L () AT 5804 0hb, X
T R veeh e/ H Mo FA2 K 5 B0 0E 8 F (ameposner ) & R
SN0 3Y 15 v e TIRIFOMBE, BEMA KL
BN HLG o BEFTAEL L LT4ZEATTH) +o#
BoRBmoB LM b BERI A VAL THES Non 57
LA L. REGIWELTT 3BERET 5 v+ T 3RER (RE
BWHWHE) AL LoWE vee R TRA LS Lo ) BAKE L5 O
UL LML B LN o, RE, BEMi b T nE3l 58
LA BEITh T EA RN BRKE LR A LA AR
4 R 5 RACAH) AT B FA phe L) RELARN o F
TRILsNAE (L0 b Al LNSiAEAL,

WRKTLE o BRI L) RBENCFRR o a b1
BEH (2, - dikhonophenongaatic acal (2,4-D) %) m¥H| L |
THEASNIN 3 F LI - LIRZAFLHE X)L 703
fw,f?;#uy7vjfmﬁmﬁi%A%#ﬁﬁfM1“5”
ARRTEHEL 1 TR) Lol o225 KEa (5
ntde o t)ar i -osBEBLTHS,

b-TAovd e-Hhroal9nnfBELC L, (Y
S LA H(NH(cHa)s colu-oH & #6  F 2 FEm 4 200 % E.
ntoThs, t4v  0E88F +)2" 32— RIGTELE
B (LR KA ) 2T —% AP TAFAmocde s | -HBK

3



F) I -#@EME L TTE . BENL I TRRP LA TLN
T te, 2oREBAESL ¢-5: ) 477 vBEoBKLEARE
BT 5B Lhwohrotoriom sp K172 HEAB L tOHE AL
WEALLROBLT LN o r AHL T DD,

1% 11 RBKLEAONRC 2B oHE §-omino-
foramodc acd oybic dimen Kyirolear (EL) - b-dminoRenanoic acel
sligomen Rgdnolont (EL) AR5 T 2 F 4 BLCEAT UT 0 20 T
Bel EBY (1008 EEHBEN 73 ) HEAT A
W, vokd AHELd BRKLAEHAUIINERER N7 3 4o
A, NTEE L TR L o R BRTHETHS B R
nr,

$2 270, CUNLBEREEEEF 47T 23 FLCBLE
EhBEEAL, F4htb TR FoBST LA HER
BREL - 17RIN Ao THERERZAL (B0 75 ¢
Fova ¢ Ao oS ERRR L ) mad | 2, © b BFSAMY
BR)Y BBHBE L8B4 0 K1l 3480 75221
POADI | pOAD2 , p0AD3 E AT 54" o P T p0ADIAF 4 0 L7
VIR -0 AWML T S S kBT,

43%F 70, E1, EL o RIBABE (40127522 K
BorARL FLFRVHEo#AOLE 50t $ 87 kol 445
LS Luw)grizb @l%’{f\%éiﬂ%g}l:},‘u’zyg - A
Ul 2500 RAGANTo BRHAE 0002 Lo 4k IE( &7
Bo@aral £l E1EEF o HABHTEREF 1

BB cRoBARE. BlHEAR v LT BB LA L
BY Lt



Bl 40 ud) Ik ol Lk
Bk 3

JhlorroBactoriam ap. KIT2 WML 7L AL %Zﬁ’;{]z ﬂ-ﬁ\‘ﬁ% w0
L (R ERT+ LA ENLRARTH ). e-72) 9
o U (o) A B2 FH (el ) ER- 0O REHR, LEEL L
TAEThTH B RO Buma HBEAA AT T otk
NIRRBANE RE DENE - Lphackx 55 A T 70 2 b 975 7= £47)
L Ak AL akco BEEIK A RAK (a8) EAT DB L AU A
Le) -0 M ELTHARTHE (THHAINAZ. ¢ 2 TH
A;g n BB E EL (6 amimoferanoie acd c?c&o s ﬁym/zw.e ) 1:)’
hF 0 A B E EL (b aminohetnaic acid algomer Ayratice ) ™
LG, tofhke L BRKIEAOKFLRNCH- T 03

“ =A%)
rHE T2, o~y 5

€O~ (CH,,) .-NH
2
EL | 5T __EX L, H, N~ (CH,) ~COOH
NH- (CHZ) 5~CO NH- (CHz)S—COOH
6-aminohexanoic 6-aminohexanoic acid 6-aminochexanoic acid
acid cyclic dimer linear dimer (Ahx)

- (Acd) (a1d)

S MAM A M ER T H AL o e
LA BAHGRBANE ZNHBREPHT 504 Z 4D ). 40
Aul HrloBAESIB L. FE S 34 LBTHS, Ad
NANBCRAS T3 AR B E ET, EX 1. o TNE (o AH
BHBEHE XKL NFRETA 9 VI BERUAL 0 L0 05
PRI T2 tué%"f"ff 2, Yotk EEN L T A0 A )T -
ARBEE MY F BB aninopeplidenr X amicaer 0 4 BT
N BIKEE L o BRI L) HHEARLAOBREHE LS
YEL L WS, AETIT @#EEN ) L4 ELD o B4 & 450,
Hho-anl A13 REEZE AT BENT EH

)



o (" 48 eloB¥ i rcER Y d AT
Lo ARFEN T 5,

2% RRMH AL F

BARB N FCSARETAR L1400 o4 377 = F4
M Thoofactonium ap KI72 HERA (-, KB KA
Ahromota clon 9mﬂabm éi lg\)’ii n - B B\%W mamuol ( % 5 }5’@”)
Lo AR Rl ERR. Thebactorun CHET C 5 04
GELELLNE, (A LARRK L vAD 6e 55 niz R
(Tefle 1-1) 453 BBOMTHETIL047% < B Yowo-
backoriom ap. KITZ R ETF F 12 ( 12,

£% AhthoBE il covme (AN Ad, 55 KHPO,
U; KHiPOy, 3y Nac, 5 ; MgSOu-TH10, 0.2, BB I X R of
9/4 (pHb4)) E Av o, #13#% 4 S00 ndRr 74X - 25 23
(B30 0omt) CRERPDAL -A4LF £H L 207 24
D-9 ) - v-h- THE (L, #%F1 340K 5 21
(DR (4) CARER romk EBE L 30°¢ T ae 5l HA
BB E ([, whhoBZALY 1. WAL ) RE (L, A2
B ABA (§o00 xg, o ABL) 10k ) LG4 MMEA (002 M
VB (1] ok 7)) VEET) T ARRBL,
BEAE B - Aninofranoic atid cyclic dimer Ao b (E1)
NAMBE L, HUEA BRI - omM Al ERT L L 30
CT-EEPARNAL (00°C 34 PAoBH @B TRINELSL T,

6




Table 1-1. Morphological and physiological
characteristics of Flavobacterium sp. Ki72

Rod shape, occurring singly, in chains.
Size : 0.5 - 0.7 to 1.2 - 1.6 um

Gram negative

Non-motile

Pigmentation : yellow

Growth at 37 °¢ +
Require added NaCl -
Hydrolysis of gelatin +
casein -
starch -
agar -
cellulose -
chitin -
Methyl red -
Actd from glucose +
lactose +
sucrose +
maltose +
Citrate +
Indole -
HZS -
Urease
NO3 —--NOZ -
Catalase +
GC content of DNA 63.4 %
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Table 1-2, Purification of 6-aminohexanoic acid cyclic dimer hydrolase

Enzyme

ztzification Volume Protein activity Zii;ific Recovery

@) (wg/mD)  (W/mD) oY@
Crude enzyme 175 21.6 0.45% 0.02 100
DEAE-Sephadex 227 0.80 0.18 0.23 52
Ultrafiltration 12 0.35 2,63 0.76 41
Sephadex G~200 50 0,22 0.48 2,21 30
Ultrafiltration 11 0.096 2,14 2,23 30
DEAE-cellulose 61 0.008 0.18 2.33 14
Ultrafiltration 4.3 0.081 1.88 2,25 10

a) This activity was measured in the existence of 6-aminohexanoic
acid oligomer hydrolase
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Fig. 1-1. Polyacrylamide disc gel electrophoresis (pH 8.0) (A)

and sodium dodecyl sulfate polyacrylamide gel electrophoresis

(B) of 6-aminohexanoic acid cyclic dimer hydrolase.

Schlieren pattern of 6-aminohexanoic acid cyclic

70° .

Fig. 1-2.

dimer hydrolase. Rotor speed: 47660 rev./min. Angle:

(A) 0 min, (B) 20 min, (C) 40 min, (D) 60 min.

)2
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Fig. 1-3. Effect of pH on the enzyme activity. Enzyme
reactions were performed in 0.2 M potassium phosphate
buffer (pH5.7 - 8.0) (e), or 0.1 M barbital-HCl buffer
(pH7.6 - 9.2) (°) containing 6-aminohexanoic acid cyclic

dimer as substrate.

100t
80r
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40r

20r
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1 1 1 1

0 10 20 30 40 50 60
Temperature (°C)

Fig. 1-4., Temperature-activity curve of 6-aminohexanoic
acid cyclic dimer hydrolase reaction. Enzyme reactions
were performed in buffer A containing 20 mM of 6-amino-

hexanoic acid cyclic dimer.
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Table 1-3,

Effect of inhibitors on the activity of 6-amino-

hexanoic acid c¢yclic dimer hydrolase

Diisopropyl- p-Chloromercuri- Ethylenediamine~
phosphofluoridate benzoic acid tetraacetic acid
concen- activit concen— activit concen— activit
tration Y tration y tration y

(uM) (%) (umM) (% (uM) 63)
50 0 50 0 0.15 95
5 2 5 12 0.03 97
0.5 52 0.5 83
0.05 100 0.05 95

The énzyme (0.2 ml) and inhibitor (0.2 ml) were preincubated

for 15 min at 30 °C before the reaction.

Activity was expressed

as percentage of the activity without inhibitor.
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Table 1-4. Amino acid composition of 6-aminohexanoic acid
cyclic dimer hydrolase

Amino acids " Amount recovered Number of
(mmol/g protein) residues
Lysine 0.250 12
Histidine 0.140 7
Ammonia 0.758 36
Arginine 0.646 32
Tryptophan 0,185 9
Aspartic acid 0.907 45
Threonine? 0.495 25
Serine? 0.665 33
Glutamic acid 0.885 44
Proline 0.648 32
Glycine 0.954 48
Alanine 1.430 71
Cysteineb ' 0.067 3
Valine 0.860 43
Methionine 0.145 7
Isoleucine 0.434 22
Leucine 0.922 46
Tyrosine 0.183 9
Phenylalanine 0.254 13
Total 500

a) The data were obtained by extrapolating to O h
hydrolysis.

b) The datum was determined after performic acid
oxidation,

Molecular weight was 51600. Recovery: 88 Z.
Moisture content: 9.0 Z.
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Table 1-5. Effect of the chain length of 6—am1nohexan01c acid
oligomer on the reaction rate

Substrate Activity

@)

6-Aminochexanoic acid

Dimer 100
Trimer 80
Tetramer 60
Pentamer 25
Hexamer 13
Icosamer 0.16
Hectamer 0

Activity is expressed as percentage of the activity toward the
dimer. The reaction time: 1 h for the dimer, trimer and tetramer;
2 h for the pentamer and hexamer; 24 h for the icosamer and

hectamer. The substrate concentration was 0.1 %Z.
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Table 2-1, Degradative plasmids

Plasmid Degradative pathway (§§Zi) » Strain
NAH Naphthalene 46 Pseudomonas putida
SAL Salicylate 42 - 55 "
CAM Camphor > 100 i
TOL p~ or m-Xylene 76 "
OCT n-Octane, ethylbenzene > 100 Pseudomonas oleovolans
NIC Nicotinate, nicotine - Pseudomonas convexa
pJPl 2,4-Dichlorophenoxy- 58 Alealigenes paradozus
acetic acid
pAC21  p-Chlorobiphenyl 65 Klebsiella sp.
pAC25 3-Chlorobenzoate - -
puol Monofluoroacetic acid 40 Morazella sp.
Monochloroacetic acid
pOAD2  6-Aminohexanoic acid 29 Flavobacterium sp.

cyclic dimer
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Table 2-2. Flavobacterium strains used for this study.

Derived

Strain Phenotype from Plasmid Reference or treatment
+ o+ + . ‘
KI72 Acd Ald Ahx wild pOADl, pOAD2, pOAD3 (24, 25, 26)
+ 4+ - :
KI721 Acd Ald Ahx Leu KI72 ND NTG mutation
K1722 Acd_Ald_Ahx+ K172 pOAD1, pOAD3 curing by mitomycin C
\ (1 ug/ml)
- P ++ tH
K1723 Acd Ald Ahx KI72 pOADLL pOAD3
KI724 Acd”Ald Ahx KI72 pOAD12 pOAD3 "
KI7211 Acd_Ald—Ahx+Leu— KI721 ND - spontaneous curing
K17212 Acd~Ald_Ahx+Leu~ KI721 pOADL pOAD3 curing by mitomycin C
’ (20 ug/ml)

K1723T1 Acd'aldtanx™  KI723  pOAD1l,pOAD2, pOAD3 transformation with
K172 plasmid

KI723T2 Acd AldTamnx’t k1723 M "

+ +
Acd , Ald and Ahx+ are metabolic activities on Acd, Ald and Ahx.
NTG is N-methyl-N'-nitro-N-nitrosoguanidine. Hyper growth is shown by ++.

ND means not determined.
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DNA band in agarose gel

dissolved the gel in Nal(66% saturation)
bound to glass powder

DNA-glass complex

washed with Nal soln{70%) then with EtOH(50%)

Washed complex

suspended in 0.1xSSC and centrifuged
{8,000 x g, 20 min)

DNA

Fig. 2-1. Recovery of DNA from agarose gel
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Fig. 2-2. CsCl-ethidium bromide density gradient centrifugation pattern of

3 s
["H}-thymidine labeled DNA of KI72. Experimental procedures are given in

"Materials and Methods'. Fractions of 6 drops were taken from the bottom

of the centrifugation tube, and radiocactivities in trichloroacetic acid-~

insoluble materials of 25-Ul samples were counted. -0

expanded scale of —e— . *

shows 10 times

Table 2-3. Phenotypes of cured strains with various treatments

derived from Flavobacterium sp. KI72

Phenotype
Treatment _ Frequency
Acd Ald Ahx
Mitomycin C (1 Hg/ml) - - + 351/436
- - ++ 1/436
- - - 2/436
Sodium dodecyl sulfate - - + 165/175
(40 pg/ml)
Ethidium bromide - - + 54/54
(10 pg/ml)
Growth at 41°C - - + 98/100

Acd, Ald and Ahx are the same as in Table 2~ 2.
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Fig. 2-3. Double diffusion test between cell extracts of wild (KI72) and
cured strains and anti-6-aminohexanoic acid cyclic dimer hydrolase serum.
Contents of wells were: central well, antiserum; well 1, cell extract

of KI72; well 2, KI722; well 3, KI723; well 4, KI724; well 5, KI7211; and

well 6, KI7212.

Fig. 2-4.Double diffusion test between cell extracts of wild (KI72),

recipient (KI723) and transformant (KI723T1 and KI723T2) strains,and anti-

Acd hydrolase serum. Contents of wells were: central well, antiserum;

wells 1 and 5, cell extract of KI72; well 2, KI723; well 3, KI722; well

4, transformant KI723Tl and well 6, transformant KI723T2.
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Table 2-4, Enzyme activities of wild, cured
and transformant strains

Relative specific activity

Strain o _—

KI72 100 (21.3)% 100 (3.6)%
KI722 <0.5 <0.5
K1723 <0.5 <0.5
KI724 <0.5 <0.5
KI7211 <0.5 <0.5
KI7212 <0.5 <0.5
KI723T1 84 79

a) The numbers in parentheses indicate the
specific activities (mU/mg protein),
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Fig. 2-5. Electron micrographs of plasmid DNA from KI72 (A) and from KI723

(B). Bar = 2 um.

Table 2-5. Plasmid size determination by electron microscopy

Strain Molecular weight ( Mdal) (mean%s.d.)
K172 28.5 + 1.2 37.2 £ 0.7
(36) (13)
K1723 23.6 £ 0.8 36.6 + 0.9
(29) (18)
KI723T1. 23.8 + 0.7 28.8 + 0.8 37.2 £ 1.1
(37) (29) (23)
K1722 26.1 + 0.9 37.6 + 0.8
(23) (17)
K17212 26.3 + 0.8 37.6 + 1.3
(28) (19)
K1724 28.0 + 1.1 37.6 + 1.2
(42) (20)

The numbers in parentheses indicate the numbers of molecules measured
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Fig. 2-6. Agarose gel (0.55%) electrophoresis of plasmid DNA (0.7 - 2 yg)

Plasmid DNA from each strain was prepared by CsCl-EtBr density gradient
centrifugation. Slot 1, KI723Tl; slot 2, KI72; slot 3, KI722; slot 4,

K1723; slot 5, KI724.
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Fig. 2-7. Agarose gel (1 %) electrophoresis of plasmid DNA digested with HindII
restriction endonuclease. (A) Unfractionated plasmid samples prepared by CsCl-
ethidium bromide density gradient centrifugation were used. The fragments of the
phage A DNA digested with EcoRI were included as molecular weight standard (L).
T, plasmid DNA from KI723T1l; W, KI72; 3, KI723; 2, KI722; 12, K17212; 4,
KI724. (B) Plasmid samples purified by agarose gel electrophoresis were analyzed
and their digestion patterns were illustrated in (C). T(1), pOAD1l of KI723T1
recovered from the fastest-migrating band of KI723T1 in slot 1 of Fig. 2-6;

T(2), pOAD2 of KI723T1 recovered from the medium-sized band of KI723T1l; W, the
smaller plasmid fraction of KI72 (mixture of pOAD1l and pOAD2); 3, pOAD1l of KI723;
2, pOADl of KI722; 4, pOAD12 of KI724; L, phage A-HindII fragments as molecular
weight markers. Subscript a indicates fragments not common for pOADl, pOAD1l

and pOAD12.
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Fig. 2-8. Agarose gel (1 %) electrophoresis of plasmid DNA digested with EcoRI
restriction endonuclease. (A) Unfractionated plasmid samples prepared by CsCl-
ethidium bromide density gradient centrifug;tjon were used. The fragments of the
phage X DNA digested with EcoRI were included as molecular weight standard (L).

T, plasmid DNA from KI723T1l; W, KI72; 3, KI723; 2, KI722; 12, KI7212; A4,
KI724. (B) Plasmid samples purified by agarose gel electrophoresis were analyzed
and their digestion patterns were illustrated in (C). T(1), pOAD11 of KI723T1
recovered from the fastest-migrating band of KI723T1 in slot 1 of Fig. 2-6;

T(2), pOAD2 of KI723T1 recovered from the medium-sized band of KI723T1l; W, the
smaller plasmid fraction of KI72 (mixture of pOADl1 and pOAD2); 3, pOAD1l of KI723;
2, pOAD1 of KI722; 4, pOAD12 of KI724; L, phage A-HindII fragments as molecular
weight markers. Subscript a and b indicate fragments not common for pOAD1, pOAD1l

and pOAD12.
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Table 2-6. Molecular weights of plasmid DNA fragments produced by HindIDI and EcoRI digestion.

)

M. W. of HindHI fragments (Mdal)

M. W. of EcoRI fragments (Mdal)

pOADL pOAD11 pOAD12 pOAD2 pOAD3

POADL pOAD11l pOADL2 pOAD2 pOAD3

1.3 11.3  11.3 8.7 9.9 5.9 5.9 5.9 14.9 13.6
8.6 6.2 10.5 8.1  5.55 5.2 5.2 5.2 9.9 4.28
5.55  5.55  5.55 6.38 5.0 5.2 5.2 5.2 2.15  3.75
1.87  1.87  1.87 3.79 3.65 3.1 3.1 3.1 1.75  3.05

2.19 2.8 2.95 2.39  2.95 0.35 2,22
0.57 2.5  2.39 1.03  2.39 1.07
2.33  0.57 0.57  2.39 0.95

2.25 0.5 0.51  0.57 0.91

1.21  0.27 0.27 0.78

0.83 0.68

0.76 0.56

0.56

0.53

0.45

Sum 27.32 24,92 29,22 29.73 36.78 26.09 23.90  27.97 29.05 33.39

M. W, determined by 2

. 23.7 28.0 28.8 37.2
electron micrography

26.2 23.7 28,0  28.8 37.2

Underlining indicates fragments not common for pOADl, pOAD1l and pOAD12.
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Fig. 2-9. EcoRI restriction pattern of the larger plasmid pOAD3 prepared
by agarose gel (0.55 %) electrophoresis. Slot 1, KI723T1l; slot 2, KI723
slot 3, KI722; slot 4, KI724 and slot 5, KI72. These preparations were
always contaminated with fragments derived from smaller plasmids. The
restriction fragments specific for pOAD3 are indicated by arrows. The
fragments of phage ) DNA digested with HindIl were included as molecular

weight standard (slot 6).
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Table 3-1. Bacterial strains

Strain Phenotype or Harbored plasmid °  Derived Reference or
genotype from treatment

Flavobacterium sp.

K172 acdt,a1at,amt poADL,poAD2,p0AD3 wild (24, 25, 26)

K1722 Acd-,Ald_,Ahx+ pOADL, pOAD3 K172 Curing with mitomycin C
(1 pg/ml)

k1723 Acd”,Ald”,AnxT  pOAD1L, pOAD3 K172 "

KI723T1  Acd’,Ald",Ahx™  pOADI1,pOAD2,p0AD3  KI723  Transformation with
KI72 plasmid

KI725 Acd—,Ald+,Ahx+ pOAD1 ,pOAD21,pOAD3 K172 Curing with mitomycin C
(0.5 pg/ml)
-+
KI17250 Acdr,Ald ,Ahx+ pOAD1,pOAD21,p0AD3 K1725 Spontaneous mutation
Str .
+ o+ .
KI725R1 Acd ,Ald ,Ahx pOAD1,pOAD21,pOAD3 KI725 Spontaneous reversion
KI7250R1 Acdj,A1d+,Ahx+ ,pOAD21,pOAD3  KI7250 "
Str
+ o+
KI7250R2  Acd_,Ald,Ahx pOAD1,pOAD21,pOAD3  KI7250 n
Str

Escherichia coli

0600rK“mK' thr-1,leu-6, thi-1
supkdd, lacYl, tondll
294 endoI—,Bl—,rK—,mK
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Table 3~2. Typical hybrid plasmids constructed from
pBR322 and pOAD2-fragments

Plasmid Inserted Map region on 4Derived from
fragment pOAD2 (Mdal)
pNDH28 A+ TF 0 - 8.9 pOAD2 + pBR322
pNDH29? A 0 - 8.9 "
pNDH6 B 11.1 - 19.0 "
pNDH5? c 19.0 - 25.0 "
pNDH3 D 25.0 - 28.8 : "
pNDH10 E 8.9 - 11.1 " :
pNDH292% A 0 - 8.4 pNDH29
pNDH2912 Al 0 - 3.3 "
pNDH2913 Al + A2 0 - 3.3 "
5.4 - 8.4
pNDH2921 A2 5.4 - 8.4 pNDH292
pNDH53% c 19.0 - 25.0 pNDH5
pNDH501 . 19.0 - 20.3 "
pNDH211  pOAD21-B’ pOAD21 of KI725R1
+ pBR322

a) pNDH29 and pNDH292 (or pNDH5 and pNDH53) contain inserted
fragments which are connected to vector DNA by opposite

direction each other.
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Table 3-3. Buffer used for the digestion of plasmid DNA

Enzyme Composition of the buffer

EcoRI 100 mM Tris-HC1l, 50 mM NaCl, 10 mM MgCl2 (pH 7.5)

HindIT 6 mM Tris-HC1l, 50 mM NaCl, 10 mM MgClz, 100 ug/ml BSA (pH 7.5)

BamI 100 mM Tris-HC1l, 10 mM MgCl2 (pH 7.5)

Sall 8 mM Tris-HCl, 150 mM NaCl, 8 mM MgClz, 100 ug/ml BSA (pH 7.5)

Bglll 20 mM Tris-HCl, 7 mM MgClz, 7 mM BME (pH 7.5) *

XhoI 8 mM Tris-HC1, 150 mM NaCl, 6 mM MgClz, 6 mM BME (pH 7.5)

Pvull 6 mM Tris-HCl, 60 mM NaCl, 6 mM MgClz, 6 mM BME, 100 ug/ml BSA (pH 7.5)
KpnI 6 mM Tris-HCl, 6 mM NaCl, 6 mM MgClZ, 6 mM BME (pH 7.5)

PstT 20 mM Tris-HC1, 10 mM MgClz, 50 mM (NHé)ZSOA’ 100 ug/ml BSA (pH 7.5)
Smal 15 mM Tris-HCl, 6 mM MgCl,, 15 mM KC1 (pH 8.0)

|

2?

BSA and BME represent bovine serum albumin and B-mercaptoethanol,

respectively. We used BamI in stead of BamHI throughout this study.
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Fig. 3-1. Agarose gel electrophoresis of plasmids harbored in Fiavo-
bacterium sp, KI1725, KI72 and KI72311. Plasmid DNAs from KI725(slot 1]
KI72(slot 2) and KI723Tl(slot 3) were prepared by CsCl-ethidium
bromide density gradient centrifugation and about 1 ug portions were

analyzed by electrophoresis on a 0.55% agarose slab gel.
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Fig. 3-2. Agarose gel electrophoresis of HindII(A) and EcoRI(B) fragments
of pOAD2 and pOAD21. Plasmid samples were prepared from strains

KI723T1 and KI725 by CsCl-ethidium bromide density gradient centrifuga-
tion followed by electrophoresis on a 0.55% agarose slab gel. DNA

bands corresponding to 23 Mdal of KI725(pOAD21) and 29 Mdal of KI7Z23TlL
(pOAD2) were recovered from the gel and cleaved by HindII or b; EcoRI

and then subjected to electrophoreses on a 1% agarose slab gel.

Slot 1;pOAD2, and slot Z;pOAD21.
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413—
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1.14—

0.34—
Fig. 3-3. Agarose gel electrophoresis of pOAD21 fragments generated
by partial HindII digestion. pOAD21 (1 ug) prepared as in Fig. 3-1
was digested with 5 units (slot 1), 0.1 units (slot 2), 0.3 units
(slot 3) or 1 unit (slot 4) of HindII for 1 h and analyzed by electro-

phoresis on a 1 7 agarose slab gel.
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Fig. 3-4. Agarose gel electrophoresis of fragments of pOAD21 generated
by complete (A) and partial (B) digestion with EcoRI, HindII or their
combination. (A): pOAD21 DNA (1 ug) prepared as described in Fig. 3-1.
was completely digested with 5 units each of EcoRI (slot 1), HindII

(slot 2) and EcoRI + HindII (slot 3) for 1 h. (B): pOAD21 DNA (1 wug)

was completely digested with 5 units of EcoRI for 1 h then digested

with 0.1 units (slot 1), 0.3 units (slot 2) or 1 unit (slot 3) of

HindID for 1 h. The resulted fragments were analyzed electrophoretically

on a 1 % agarose slab gel.
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0.34

Fig. 3-5. Agarose gel electrophoresis of subfragments generated from
15-Mdal and 10-Mdal EcoRI fragments of pOAD2 by HindID and BamI. (A)
EcoRI-15 Mdal fragment of pOAD2 recovered from the gel shown in Fig.
3-2B was cleaved with HindID (5 units) (slot 1) or with BamI (5 units)
(slot 2) for 2 h, followed by electrophoresis on a 1 7 agarose slab
gel. (B) same as (A) except EcoRI-10 Mdal fragment of pOAD2 was

examined. Minor bands show contaminants derived from pOAD1 or pOAD3.
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Fig. 3-6. Restriction maps of pOAD2 (A) and pOAD21 (B). E and H
indicate EcoRI and HindII sites, respectively. The DNA region

deleted in pOAD21 is shown by an arrow.
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Fig. 3-7. Paper chromatography of degradation products from Acd (A)

and Ald (B) by cell extract of E. coli C600 rK_ ~ harboring the

g
hybrid plasmid. Cell extract was incubated with Acd or Ald for 16 h
and 5 pl portions were spotted on filter paper (Toyo No. 50) and
developed. LD, M and numbers under the paper chromatograms indicate
authentic Ald, Ahx and reaction product of the cell extract of the

numbered clone. Cell extracts of recipient strain could not produce

Ald from Acd, Ahx from Ald, respectively.
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Fig. 3-8. Analysis of DNAs constituting the hybrid plasmids by agarose

gel electrophoresis after HindII digestion. Plasmid DNAs(each 1 ng)

. r.,.. S .
prepared from independently selected Ap Tc~ transformants were digested

with 5 units of HindII for 1 h and analyzed by electrophoresis on a

+
1% agarose slab gel. Numbers on slots show the clone number, EI and

+
EI  show the clones that produced EI and EII enzyme, respectively.
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Fig. 3-9. Agarose gel electrophoresis of subfragments of the
hybrid plasmids generated by double digestion with HindTI + EcoRI.
Numbers above the slots show the clone numbers. EI+ and EH+

indicate the clones below that produced EI or EII enzyme, respectively.
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Table 3-4. Restriction endonuclease fragments generated from pNDHS

Enzyme Size of fragment (Mdal) Sum of fragments (Mdal)
EcoRI 5.05, 1.75, 1.42, 0.36 8.58
HindII 5.9, 2.7, 8.6
BamI 3.05, 1.58, 1.55, 1.42, 0.69, 0.24 8.53
Sall 3.85, 2.55, 0.57, 0.57, 0.485, 0.425 8.45
EcoRI+Hind T 2.7, 2.35, 1.75, 1.42, 0.36 8.58
EcoRI+BamI 2.55, 1.42, 1.22, 0.67, 0.66, 0.48, 0.42, 0.36, 0.28, 0.24 8.3
EcoRI+Sall 2.4, 1.57, 1.3, 0.79, 0.57, 0.49, 0.43, 0.36 7.91
HindI+BamI 2.55, 1.58, 1.53, 1.43, 0.48, 0.45, 0.24, 0.22 8.48
HindII+Sall 2.5, 2.3, 1.27, 0.58, 0.58, 0.48, 0.35 8.06
BamI+Sall 2.85, 1.55, 0.58, 0.57, 0.56, 0.55, 0.33, 0.30, 0.24, 0.2 7.73
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Table 3-5. Sub-subfragments generated from C-subfragments
(Cl - C4) with restriction endonuclease,

Baml or Sall.

Size of fragment (Mdal)
(by BamI digestion) (by Sall digestion)

C-subfragment

C1 (2.35 Mdal) 1.42, 0.48, 0.28, 0.80, 0.57, 0.49

€2 (1.75 Mdal) 1.22, 0.42 1.57
€3 (1.42 Mdal) 0.66, 0.48, 0.24 1.29
G4 (0.37 Mdal) 0.37 0.37
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Fig. 3-10. Restriction map of pNDH5. Fragments obtained by digestion

of each enzyme were named in order of decreasing molecular size.

501
502
512
514
513
521
522

Sal | Bam | EcoRI

Fig. 3-11. Restriction endonuclease analyses of miniplasmids derived
from pNDH5. Plasmid DNAs were digested with Sall, BamI and EcoRI

and subjected to electrophoresis on 1 7 agarose gel plates. 5, pNDH5;
501, pNDH501; 502, pNDH502; 511, pNDH511; 512, pNDH512; 513,

bNDH513; 514, pNDHS14; 521, pNDH521; 522, pNDH522.
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pNDH5
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[PNDH511 e .-
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PORD2 5 c )

18_-5;- deleted region in pOAD21 255 Mdal

Fig. 3-12. Restriction maps of 7pNDH5 and miniplasmids derived from
it. Restriction endonucleases used to derive the miniplasmids are
shown in the left column. The restriction maps are shown in linear
form by opening the circular at the HindII site in chr gene. E, H,
B and S indicate restriction sites for EcoRI, HindTI, BamI and Sall
respectively.A Open bar designates pBR322 DNA, and fraction of DNA
derived from HindIM-C fragment of pOAD2 are shown as solid bar (in
EI positive miniplasmids) or by shaded bar (in EI negative mini-

plasmids). Broken lines indicate deleted regions.
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Fig. 3-13. Double diffusion test between anti-EI(Flavobacteriwn sp. KI172)

and cell extracts of E. colZ C600 2% mk_ with or without harboring of the
hybrid plasmid or cell extract of Flavobacterium sp. KI72. Contents of

wells were: center well; anti-EI serum, wells 1 and 4; cell extracts from

KI72(0.052 mg protein per well), well 2; C600 rk_mk_ harboring pNDH501

(3.6 mg protein per well), well 3; C600 rom

~ harboring pNDH5(2.9 mg
protein per well), well 5; C600 rk_mk_ harboring pNDH29 (a hybrid plasmid
consisting of pBR322 and HindIMI-A fragment DNAs, EI_EHZ+)(3.5 mg

protein per well), and well 6; C600 rk_mk_(3.5 mg protein per well).
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Fig. 3-14. DEAE-Sephadex column chromatography of cell extracts of
Escherichia coli C600 rK_mK_ harboring pNDH5C1. The cell extracts

(5.8 mg protein/ml, 25ml) were applied to DEAE-Sephadex AS0 column

(#2.2 x 30 cm) equilibrated with 0.02 M potassium phosphate buffer (pH7.4)
containing 10 % glycerol (bufferA). Afcer washing with 25 ml of the
buffer, 6-aminohexanoic acid cyclic dimer hvdrelase activitv was eluted
with buffer A containing a linear gradient of NaCl from 0 - 0.8 M in

a total volume of 800 ml at a flow rate of 50 ml/h
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Origin of Total ETT Mobility
the enzyme fraction (a) fraction (b) (b/a)

C600(pNDH501) 31 12,13 0.40

K172 33 12,13 0.38

600 + KI72 29 11,12,13 0.41
et

m purified EI
=——b— _ mobility = 0.40

Fig. 3-15. Polyacrylamide gel electrophoresis of 6-aminohexanoic acid

cyclic dimer hydrolase produced by E. coli C600 rK—mK_.

DEAE-Sephadex
eluate (50 ul, protein concentration of 9.08 mg/ml) was analyzed by
polyacrylamide gel electrophoresis (pH8.0). The gel was sliced into

2 mm length to give total fraction of about 30, and each slice was kept
at 30 °C for 16 h in a test tube containing 70 pl of 20 mM 6-aminohexa-

noic acid cyclic dimer solution. Hydrolyzing activity was shown by a

spot of 6-aminohexanoic acid linear dimer after paper chromatography.

80



RFMET QLR O NBMRETN L 0T KBANK T oK
REL BB 2%NBELBEZ NS (Fy 3-13),

D) EI 7°0E-49 - 0lE

E1-wRVAND B A A". 0 O - LACE A7 DNA A€ 4 G B45
(TvwBan, MRAAE D TOZ - 9 ~ 46 o FHEL 4 &
RiTT 34 0 oHs & Hodll TR R2ABK ) % - €& (.
Hod - CHTE #~~X 7 9 —DNA EEF )i igfEL 75 2 2N
ERYULEL 0o ARK ERR (T2, NOHS3 o X0 % &4
A NS Ll E 0 Tw 3311 BRI BRABRCHA S, T
Zht. Hed -CHTA PR LR TSI C2a(LTTML) Co (037
M ) BTK 1 AT 22N 7TRRBbOLNE 4 e
B8 CiamMal) Gy (ramMLl) BTH (D pBRI2 L
[t 60179"4%!3&45 (Fy.3-6), cofkiil (ALALDE
D40 275 A 2 N (pNDHS, pNOHS3) Lt RREGIIFEl - 0 &4
GEARAAT 307 (Fy 3—/6)/ KAPAGE A # A H
KR CEATE LBRE U .

pNDHS 0| o #6 N BT 4 (/awMM)n#u,, RNA £ A FE| & 2P A2 -
AW nrooe-9 -MATi kb e L EALE R
LAGWETDHE, 12 TpNoHS0! & EoRl+ Hond I T 224
Wb amchaee S| THE R0 — K24 £ HAC 1 Ty-omg
VH - Tl O NETFS R b TeE -9
— R85 (Mol TL -~ EcoR| BTH)ERLE L T 3 4 & 3 41T,
EwRT & Hod T TR a2 N2 b s Ga8RT 25, 45
LWNT7"5 22 F NoHso|aEH 11 E1 B Ao f ¢ T
pNOH S0 | & B4 3RN LA Z v (Fy 3-17), £ L il pNOHSo |
O Pul = SuATHTH | Xhol - Sad I BT Hed M- Ko I BHA 2 K
B 722N (aPs, aXS, a HK) Tt pNpHSol L GUEE
CEBTE34L N0 MAURRCRRTH B, Banl-

8l



() (®)

PNDH5 1.42 0.37 1.75 5.2
(n - ~
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Fig. 3-16. Relationship between the orientation of the inserted
fragment and the 6-aminohexanoic acid cyclic dimer hydrolase (EI)
production. The orientation of the HindII-C fragment inserted into
pBR322 was determined by EcoRI digestion of hybrid plasmids as shown
in (A) and (B). Since pNDH5 and pNDH53 contained pOAD2-HindII-C
fragment which was connected to vector DNA by opposite direction
each other, EI production in E. col? harboring these plasmids were
tested by double diffusion test (C). Central well, anti-EI serum;

KI72, cell extracts of Flavobacterium sp. KI72 (0.052 mg protein per

well); I, cell extract of E. coli C600 Ty mK— harboring pNDH5 (2.9

mg protein per well); T, cell extract of E. col? C600 rK~mK_

harboring pNDH53 (3.6 mg protein per well).
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Fig. 3-17. Deletion plasmids derived from pNDH501. Deleted regions
were indicated by broken line. AEH, APS, AXS, AHK and ABB indicates
deletion plasmids obtained from pNDH501 by EcoRI + HindIII, Pvull +
Sall, XhoI + Sall, HindIII + Kpnl and BamI digestions, respectively.

EI production was tested by the enzyme activity and double diffusion

test using anti-EI serum.
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k8 8BS & § APS 123456 <
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Xhol
exonuclease III
R R R TRR R 30 S i

nuclease SI

Fig. 3-18. Construction of deletion plasmids derived from pNDH501.
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(a) (B)

Fig. 3-19. Size of the deletion plasmids and EI production. (A)
Agarose (1 %) gel electrophoresis of deletion plasmids digested
with EcoRI. APS represents deletion plasmid which lacked Pvull -
Sall fragment of pNDH501. Slot 1 - 4, plasmids prepared from

which did not produce ET. (B) Double diffusion

&3]

coli C600 r, m,
N

test between cell extracts of E. coli C600 rK—mK_ harboring the

hybrid plasmids and anti-EI serum. Central well, anti-EI serum;

well 1 - 9, cell extracts of E. coli C600 r harboring the

m
K 'K
plasmids shown in (A), respectively.(ca. 3 mg protein per well);

K172, cell extracts of Flavobacterium sp. KI72 (0.19 mg protein

per well).



E»—« o = H% EI act Immuno-
SE 5§ S 3 5.5 00T ppt.
D:[(N m M ARG & Ry N
TR W + = +
pNDH501 : =
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Fig. 3- 20. Relationship between the deleted region in pNDH501 andr
EI production. Deleted regions were shown by broken lines. exo.3,
exo0.5 and exo0.9 are the plasmids which were obtained by exonuclease
treatments of pNDH501 and are same with the plasmids of slot 3, 5 and

9 of Fig. 3-19 (A)
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€600 Ty m

K purified EII
(pNDH29) :

anti-EII serum

Fig. 3-21. Double diffusion test between cell extracts of E. coli

K MK

serum against 6-aminohexanoic acid oligomer hydrolase (EI) obtained

C600 r ~ harboring pNDH29 (4.41 mg protein per well) and anti-

from Flavobacteriwm sp. KI72. Protein amount of purified EIl in

well were 2.4 pg.

Ell act.
pNDH29 +

pNDH2912 -
pNDH2913 &
pNDH2917 -
pNDH2901 =

pNDH2903  —

0 5 10 Mdal

Fig. 3-22. Plasmids derived by deletion from pNDH29. Deleted regions
were shown by broken lines. H, B and E represent HindII, BglIl and

EcoRI, respectively.
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Fig. 3-23. Scheme for the comstruction of hybrid plasmids containing

= lac uv5 promoter fragment.

10 20 30 40 50 60 70 80 90 100

Hinfl Poul ’ ) " Ddel phat Ddel  Alul .
AATTCCCATICATTAATCCAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCECAACGCAATTAATGTGAGTTAGC TCACTCATTAGGCACCTT
GGCTAAGTAATTAGGT CGACCGTGCTGTCCAAAGGGCTGACCTTTCGCCCGTCACTCGCGTTGCGTTAATTACACTCAATCGAGTGAGTAATCCGTGGGG

110 120 130 140 1507 160 170 180 190 200
2oRT Hpall Odel : ALyt ThrMetTleThrAspSerleuClu
AGGCTTTACAQETTATGCTTCCGGCTCETATAATATGTGGAATTGTGAGCGCATAACAATTTCACA ACAGCTATGACCATGATTACGGATTCACTGG
TCLCAAATGTCAAATACGAAGGCCGAG TA'}"{A CACCTTAACACTCGCCTATTGTTAAAGTGT( [TTGTCGATACTGGTACTAATGCCTAAGTCACCTTAA
- —

$.D.

mRNA

Lac operator —

Pribnow box Ribosome protected RNA

Fig. 3-24. Nucleotide sequence of lac uv5 promoter fragment.
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~+— A] — A3 = —— A2 —= «pBR322» (Il act. immuno ppt

pNDHZ9 ; , I j : .
pNDH2913 ¢ R — i, | : .

pNDH29T2 b e <0.05 -

PNDH2912L2 ‘—————A ------------------------- =t ca.10 +
PNDH2912L4 b 4 <005 -

- orientation I
pNDH292 : : 3 4 1 +
pNDH2921 i————-&:} <0.05 -
PNDH292TL  oeemmmrmommmmmcenmeamees & S <0.05 n.t.
= orientation II

Fig. 3-25. Plasmid structure of pNDH29 and its derivatives, and
their productivity of 6-aminohexanoic acid oligomer hydrolase.
Deleted regions were shown by broken lines. Heavy bar indicates
the lac promoter fragment. Enzyme activities were determined by
densitometric analyses of a spot of 6-aminchexanoic acid produced
from 6-aminohexanoic acid linear dimer after paper chromatography.
Enzyme activities were expressed as the ratio toward the activity

of E. coli C600 rK—m ~ harboring pNDH29.

K
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15

Fig. 3-26. Position of the EI and EI loci on pOAD2., Expected

transcriptional directions of the genes were represented by arrows
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Relative activity
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Fig. 3-27. Enzyme activities and plasmids of wild, cured, trans-
formant and revertant strains. EI and EI activities of cell
extracts were determined by TNBS method described by Kinoshita et

¥ )
4255260

and were expressed as percentage of the specific activity
-2 . .

in wild (KI72) strain (EI; 2.13 x 10 units/mg protein: EII; 3.6

b:d 10_3 units/mg protein). W, KI72; T, KI723T1 (transformant);

2, KI722; 3, KI723; 5, KI725; 50, KI7250; R1, KI725Rl; R2, KI

7250R1; R3, KI7250R2.

Fig. 3-28. Double diffusion test between cell extracts of KI725R1

(revertant) strain and anti-EI serum. Central well contained rabbit

anti-serum against purified EI from KI72. W and R represent KI72

and KI725R1, respectively. Enzyme amounts contained in each well

were represented as percentage of the activity of undiluted cell

-2
extract of wild strain (1.1 x 10 ° units).
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6 7 8 9 10

Ag. 3-29. Southern blot hybridization of restiction fragments

of pOAD1l, pOAD2, pOAD3 or chromosomal DNA with 32P—1abeled pNDH501
DNA, After plasmids of KI722 (mixture of pOADl and pOAD3) [slot 1],
plasmids of KI725R1 (mixture of pOADl, pOAD21 and pOAD3) [slot 2],
purified pOAD21 from KI725R1 (slot 3), chromosomal DNA of KI722

(slot 4), and plasmids of KI72 (mixture of pOADl, pOAD2 and pOAD3)
[slot 5] were digested with HindIII, the DNA were fractionated by
agarose (1%) gel electrophoresis followed by staining with ethidium
bromide, DNA fragments which contained the nucleotide sequence
analogous to EI structural gene were detected by Southern blotting
and hybridization with nick-translated pNDH501 as probe (slot 6 - 10,
respectively). Arrows indicate hybridized fragment, which corresponds to

pOAD2-HindIII-C (6 Mdal)fragment.
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Fig. 3-30. Identification of restriction fragments which contain
the nucleotide sequence analogous to EII structural gene.

Plasmids pNDH28 (28), pNDH211l (211), pNDH5 (5), pNDH3 (3) and
pNDH10 (10) were digested with HindIII and were electrophoresed

in agarose (1 %) gel. a, ethidium bromide stain of restriction
fragments; b, Southern blot of the gel hybridized with 32P—labeled

pNDH2912.
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Fig. 3-31. Fine locus of the repeated sequence on pOAD2-HindIII-C
fragment. Plasmid pNDHS was digested with HindIII + EcoRI (slot 1),
HindIII + BamI (slot 2) or HindIII + Sall (slot 3), and elecfrophoresed
in agarose (1%) gel. a, ethidiumbromide stain of restiction fragments;
b, Southern blot of the gel hybridized with 32P—labeled pNDH2912.

Arrows indicate the hybridized fragments.
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Fig. 3-32.

containing EII structural gene.
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Fig. 3-33. Physical and functional map of pOAD2. EI gene is located
in a region between 19.0 and 20.3 (Mdal) on pOAD2 and may be expressed
counterclockwise. Structural gene of EI is located between 0 and 3.3
(Mdal) (Al fragment). Al fragment (shown by heavy bar) hybridized to
four repeated sequence (RS1, RS2, RS3 and RS4) (shown by shaded bar)
but homology among the repeated sequences was not checked. Deleted

region (6 Mdal) in pOAD21 is located between 18.5 and 25.1 (Mdal).
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