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Abstract — A strain of Pseudomonas sp. isolated from soil was shown to produce a high level
of extracellular endo-inulinase. In this work, the endo-inulinase gene (inuxl) of the bacterial strain
was cloned into the plasmid pBR322 by using EcoRI restriction endonuclease and E. coli HB101
as a host strain. One out of 7,000 transformants obtained from the above cloning experiment
formed a clear zone around its colony on the selective medium supplemented with 2.0% inulin
after a prolonged incubation at 37C and subsequent cold shock treatment. The functional clone
was found to carry a recombinant plasmid (pKMG50) with a 3.7 kb genomic insert containing
the genetic information for the inulinase activity. The inulinase from E. coli HB101/pKMG50 was
proved to be an endo-acting enzyme and produced constitutively in the recombinant E. coli cells.
Zymogram of the enzyme from the recombinant cells with inulin substrate indicated that the mole-
cular mass of the active protein was 190 Kd, while that of the endo-inulinase from the Pseudomonas
strain was 170 Kd. This size discrepancy suggested that the inulinase from the recombinant E.
coli HB101 cells might be the initial product of translation, not the mature form produced in
the strain of Pseudomonas sp..
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Fig. 1. Clear zone formation by Pseudomonas sp. and
the recombinant E. coli HB101 cells carrying pKMGS0.
Incubation was carried out for 2 weeks at 37C, with
cold shock at 4C intervally on the basal medium
containing 1.5% inulin, 0.5% yeast extract, 1.06% K.
HPO,, 0.61% NaH.PO,-2H.0, 0.26% (NH,).HPO,, 0.12%
Mg804'7H20, and 0.003% FGSO47H30

No.l; Pseudomonas sp. No.2; E. celi HB101/pBR322,
and No.3; E. colir HB101/pKMG50
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Fig. 2. Agarase gel electrophoretic analysis of the reco-
mbinant plasmid, pKMGS0.

Lanes 1. A-DNA digested with Hindlll, 2. pKMG50/
Aval, 3. pPKMG50/Clal, 4. pPKMGH0/Pyrull, 5. pKMG50
/EcoRI1, 6. pKMG50/EcoR]

ZAE]o] gl uhs} o] pKMGS0 4Fs) DNA Abelli=
Aval®} Pyull site?} Ztzt shubdl 9ld v SF709] Clal
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Fig. 3. Restriction map of pKMGS0.

The thick line represents the 3.7 kb foreign DNA frag-
ment containing the 1zu#1 gene, and the thin line indi-
cates pBR322 plasmid.

Inulinase & AHnu1) DNAS] &9l

pKMG50¢] ZF 2% endo-inulinase A 4F 8- =}
o g &1sl7) f15le] pKMG50e) 415l 3.7 kb
DNA-E Dig-labelingdte <2-& probe DNA2} EcoRI
o5 Aeksl Pseudomonas sp. chromosomal DNA
13-& hybridizationA]# Fig. 49} 22 A2 olq)
t}. 47| probe DNAE A% dl2=Z 2183+ pBR322
DNA#}+= hybridizationd}x] 9¥eto} EcoRIC. 2 A
gk pKMG50 DNA9} chromosomat DNA b 3=
probe DNA9} 72 =17]9] $1]¢)| 4] =+ hybridiza-
tion band& uv}leldlgdc)l wlelr] pKMGS50 e} A
4% endo-inulinase A3} AAHE 37kb 9
muls EFe 9+ DNAgt#elL el 5 q)
At

Zymogram

Pseudomonas sp.2} E. coli HB101/pKMGS0 757}
AARsks w8 nondenaturing polyacrylamide
gele o]8-3ted Felsla o)& Fe] shae jpuli-
nase X2 xAle] B Axl dix FFE AL E
coli HB101/pBR322 wh¥l Ao A+ 54 FA|S &
g 5 gld ot Pseudomonas sp.&} E. coli HB101
/PKMG30 5o A= FH% dd A4 FA4UE
AL o+ UAAcKFig.5). @2tA F F57F Aalgt

inulinases= %Y FA2Enul) AFEJLL FHoldl 4



Vol. 23, No. 5 553

A 1 2 3 4 5 B 1 2 3 4 5
Kb Kb
4.3
4 3 + 37 -
3.7~ "

Fig. 4. Southern hybridization of Pseudomonas sp. genomic DNA with the random-primed DNA synthesized from

the pKMGSO0 insert DNA.
A: DNA electrophoretic patterns, B: Southern blot patterns
Lanes 1. A-DNA digested with BstEll, 2. Genomic DNA/EcoRI, 3. pKMG50/EcoRI, 4. pBR322/EcoR]I, 5. A-DNA/

BstEIl

Fig. 5. Zymogram of the inulinase produced by Pseudomonas sp. and E. coli HB101/pKMGS0.

A: Protein bands, B: Activity bands
Lanes 1. Non-denaturing protein size markers; carbonic anhydrase (29 kd), albumin (66 kd), alcohol dehydrogenase

(150 kd), a-amylase (200 kd) and Urease (tri: 272 kd, hex: 545 kd), 2. Extracellular proteins of Pseudomonas
sp., 3. Intracellular proteins of E. colt HB101/pBR322, 4. Intracellular proteins of E. coli HB101/pKMG50
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Table 1. Effect of carbon sources on the production
of inulinase in E. coli HB101/pKMG50

s -y

Carbon pH Cell [nulinase
source after growth activity
(0.5%) culture (0.D.640) (uunits/m/)
None 845 2.007 6.549
Glycerol 5.60 2.073 5.295
Glucose 4.87 1.926 3.119
Fructose 5.43 2.152 5.259
Starch 8.30 2.404 9.467
Sucrose 8.44 1.978 7.231
Inulin 8.20 2.408 9911

Cultivation was carried out for 10 hrs at 37C in LB
medium (nitial pH 7.0) containing 0.5% various carbon
sources.
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Fig. 6. Relationship between the inulinase production
and the culture period of E. coli HB101/pKMGS5Y.
Cultivation was carried out for 24 hrs at 37C in LB
medium containing 0.5% mnuhln.

Symbols: (@), cell growth; (), pH; (O), enzyme acti-
vity
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Fig. 7. Paper chromatogram of the hydrolysed products
of inulin by the inulinase.

Paper chromatograpy (16) was done by a multiple as-
cending technique (triple development) on Whatman
No.l filterpaper. The solvent system was l-propanol:
ethylacetate:water (2:2:1, V/V). The sugars were dete-
cted with urea-metaphosphoric acid (17).

F: Fructose, In2: Inulobiose, In3: Inulotriose, In4: Inu-
lotetraose, Inb: Inulopentaose
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