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Abstract In the present study, we isolated a new bacterial strain producing invertase (EC 3.2.1.26) and determined optimized

culture condition in flask culture. The strain was identified as Bacilus flexus determined by the 16S rDNA
sequencing method. The invertase was produced only in the sucrose medium as the sole carbon source.
Potassium nitrate was an adequate nitrogen source for enzyme production, whereas meat peptone showed the
highest bacterial growth. Enzyme production was increased about 2-fold when MgS0O4 7H,O was supplemented
to the growth media. The optimum temperature was found to be 30°C for both enzyme production and bacterial
growth. Invertase exhibited pH optima in the range 5.0-6.0 and have a temperature optimum at 40°C, similarly
to other invertases found from different microbial sources. Several mineral ions (K and Fe) stimulated the
invertase activity, whereas some bioelements (Ag, Mg, and Mn) inhibited enzyme activity. Under the optimized
culture condition, the maximum enzyme production (over 250 units/mL) was achieved at 20 h. To the best of

our knowledge, this is the first time to report on invertase production by Bacilus flexus.
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(Shimadzu Co., Japan)E ©]&3lo t}e-3} 7o 279
A B2t ZH-2 Aminex HPX-42C (0.78 x 30 cm,
Biorad), detector= RI (refractive index)E A3} th
APL 85CE FAYAL 25Z mobile phase= AFE-3}
Hom FAHRFEL 0.6 mL/min ATk

Invertase MikZFo| 22| U S

AEE JFE dEE A2 FAZTA AF3
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agar 1.5%, pH 7)ol =2 3t 37°Col|A] 48417 w43l
o} 39 colonyE streaking 3l U Z 704 vl
g & @Y colonyE sucrose YA HE3d 37T 9
] 4817t Z' % (120 rpm)3F TR, invertase B430]
UEh = 755 16S rDNA sequencing (Korean Culture
Center of Microorganisms) ¥'Ho 2 S35k

B 3 =S40 =

223 IFE sucrose’} Y3 BAUQ viR)o) HE
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& TAXA o]F A AALTPL A
2 L=F 233tk 3 HF ¥ke- pHE 99 247

Y3 pH 3.0~6.0 HHNA= 0.1 M citrate bufferE,
pH 6.0~8.0 ¥ oll4<= 0.1 M potassium phosphate buffer
& AHE3te] AdiFRl 484S £33 FHZ pHE
A3k

BE0I22] FEuH

BRS-2% 40T, pH 5.52] 2794, Pb(NOs),, AgNOs,
KI, KCI, MgSO4, MnCl,, FeSO,, CuS0,2] 5¢] o4& 7}
TE50)1-S 42 2 mM] F=7) FA A7l invertase
SAE Al vlwsHct

2z o o

njds 3

Ecko 2HE Rt invertase AT KCCM (Korean
Culture Center of Microorganisms)°l|] 2}2]3}] 543 23},
Bacillus flexusZ 53R (Fig. 1, 7183 AB021185).
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Fig. 1. Phylogenic tree of the isolated strain determined by the
16S rDNA sequencing method. The isolated strain was
identified as Bacillus flexus. Bar, 0.002 substitutions per
nucleotide position.
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Holg o}, AR sucroseS BA2A0Z 3 HiR|ol| Ayt
Eo|2 02 invertase”} A AT (Fig. 2). ZAae] A5,
potassium nitrate, malt extract, meat peptone, poly peptone,
ammonium sulfate, yeast extract® FHES Z 3} malt
extract®} meat peptone, poly peptoneoll A A& A7
o] f&88F8 .21} potassium nitrate| A 71 EL& G4
LSS YERIRIT (Fig. 3). ©] 23= Kaur 5 [26]°]
Streptomyces sp.olX A invertase”} sucroseE THA
Yo g ARRFE W) B4kl HH ot Aot X
A DA F yeast extract®} NaNOs7} & ol
= ZA= Aol7) YUt Hag 5 [27]9‘ Saccharomyces
cerevisiaeZF-E Y43} invertase®] 73-$- urea = peptone
I yeast extract®: ST ALY HAE AFSSIES
B0 SHEA T Bargt v Qo
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Fig. 2. Effects of carbon source on the bacterial growth and
invertase production in Bacillus flexus.
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Fig. 3. Effects of nitrogen source on the bacterial growth and
invertase production in Bacillus flexus.
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Fig. 4. Effects of mineral source on the bacterial growth and
invertase production in Bacillus flexus.
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Fig. 5. Effects of temperature on the bacterial growth and
invertase production in Bacillus flexus.
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Wten, 1 o]2e] pHollA= S48 54 S4As 7}
VERITEH (Fig. 6). J24 pHEHE 100%E 313 W), pH 4.0
ANxe B8] 302%E 243193, pH 7.0, 8.0904]
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invertase SA] X0l 5~7 AFEZ BuEy Qlo}[23,24].
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Fig. 6. influence of pH on invertase activity. Enzyme activity

was measured in the presence of sucrose as substrate in

0.1 M acetate buffer (pH 4-5), 0.1M phosphate buffer

(pH 8-8). The maximum activity was expressed as 100%.
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Fig. 7. Effects of temperature on invertase activity. Enzyme

activity was measured after incubating the enzyme

reaction mixture at various temperature (20°~70°C) for

30 min. The maximum activity was expressed as 100%.

F&0|20] E224oll ojxls FE

dutd oz FAEA FIE VA ASE HiFo]
AE A 7HA FEO|LES FaursAd Mg A,
Ag, Mg, Mn & 3718 B¢ A4 88.2%, 62.7%,
80.3%= F4 BAo] A=, K B Feg /I B¢
2 4ol 10% Bx F7HEAT} (Table 1).

Table 1. Effects of metal ions on invertase activity

Metal ions Relative activity (%)
None 100

Pb{NO3), 105.8

AgNO3 88.2

Ki 113.7

KCI 107.8

MgSO. 62.7

MnClz4Hz0 80.3

FeS047H0 11.7

CuS045H,0 96.0
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Fig. 8. Time profiles of bacterial growth and invertase production
in Bacillus flexus.

Invert sugar A4t

ol’de] Al A HA3}et viAolA invertaseE A1
o, 2.5% (W/v) sucroseE 71AE 48D sucrose 1 mg
& 20 wnits®] BALFO R 7k} 6, 204131 ¥HERE A, Mg
Eo] 247t 62.3%, 96.9% °IUc} (Fig. 9).
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Fig. 9. HPLC chromatograms to identify the reaction products at
6 and 20 h. S: sucrose G: glucose F: fructose. Arabic
numerals refer to retention time. The reactions were
carried out with the reaction mixture of 50 g/L sucrose
solution (20 mL) and crude enzyme solution (20 mL)
under the optimized reaction conditions.
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