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ABSTRACT

This work aimed to obtain an ideal mutant straithwiigher lipase yield using hydrazine hydrate (HZd a novel
additive to treatFlavobacteriunsp. strain YY25 by supercritical GOrhe survival rate and the positive mutation
rate of the tested strain were strongly dependenthe dose of HZH. The treatment by 0.5% HZH iresurgical
CGO;, (8 MPa, 35°C) for 30 min provided 58.3% of positmutation rate and an expected mutant strain waitbut
76.7% increase in lipase yield compared with thédvetrain. Possible mutagenesis mechanisms werthaeur
explored. The analysis on pH drop of the treateedséuid was performed to better understand theraction.
Results proved that the induced mutation with enbedryield of lipase could be achieved by co-mutegisnof
supercritical CQ and HZH.
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INTRODUCTION applications. It is known that stress is a
disturbance to the normal functioning of a
Lipases are well-known enzymes extensively useiological system and mutagenesis is often
in industrial biotransformation processes, whichincreased in the bacterial populations as a
usually exhibit a good chemioselectivity,consequence of stress-induced genetic pathways
regioselectivity, enantioselectivity and possess @renaillon et al. 2004; Foster 2005). A previous
broad substrate specificity exhibiting optimumstudy had demonstrated that supercritical @@s
activities over a wide range of temperaturest promising environmentally-friendly mutagen, or
(Bertoldo et al. 2011)Flavobacteriumsp. strain co-mutagen owing to its distinctive stress (Zhang
YY25 produced an intermediate temperaturet al. 2008).
alkaline lipase, which had stable and highef€arbon dioxide (Cg is an inert, inexpensive,
enzyme activity in tert-butanol, a common organiccasily available, odorless, tasteless, environment-
medium. Fermentation for 24 h provided the straifiriendly, and GRAS (Generally Recognized As
a maximum level of lipase yield, about 16.4 u/mL.Safe) solvent. The supercritical technology is a
Mutations of strains may be induced by thegreen sustainable process in which the solvents’
treatment with physical, or chemical mutagens t@power and selectivity can be relatively easy tetun
improve lipase vyield for the sake of betteraccording to the operating conditions (Hegel et al.
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2011). CQ is frequently used in near-, or stored in refrigerator on agar slant (beef extract
supercritical conditions, wherein it shows0.5%, peptone 1%, NaCl 0.5%, agar 2%, pH 7.5).
excellent mass transfer properties in terms ofh order to prepare the seed liquid, a loop ofscell
penetration into matrices (Valverde et al. 2010)from the slant was inoculated into 50 mL of seed
Possibly due to assist in the permeabilitymedium (beef extract 0.5%, peptone 1%, NacCl
supercritical CQ had been found to enhance thed.5%, pH 7.5) and cultivated with shaking at 30°C,
sterilization effects and/or mutagenicity of the200 rpm for 16h, which contained a cell
additives (co-solvents) such as hydrogen peroxideoncentration of about f0cfu/mL. For the
(H20,) (zZhang et al. 2006), dimethylsulfoxide production of lipase, 5.0 mL of seed liquid was
(DMSO) (zhang et al. 2008), etc. The solveninoculated into 50 mL of fermentation medium
properties of supercritical GOcould also be (peptone 0.5%, yeast extract 0.2%, beef extract
drastically changed by the addition of a smalD.3%, KHPQ, 0.1%, NaCl 0.1%, MgS£0.01%,
amount of polar solvent as a modifier (Sicardi eblive oil 1%, glycerol 0.5%, Triton X-100 0.1%,
al. 2000). pH 7.0) and cultivated with shaking at 30°C, 200
Hydrazine derivatives are widely used compoundgm for 24 h.
in the pharmaceutical, agrochemical, polymer and
dye industries, and also as precursors in organh utation treatment
synthesis. Many of them show significantVarious doses of HZH were added independently
biological activity and several are shown to bento the seed liquid and shaken up before
effective for the treatment of tuberculosis,supercritical treatment. HZH (0.5 mL at 64 wt.%
Parkinson’s disease and hypertension (Bredihhihydrazine) in 50 mL of seed liquid expressed 1.0%
and Maeorg 2008). Some hydrazine compoundsontent. A batch procedure was used for the
hydrazine hydrate (HZH), phenylhydrazine (PHZ)treatment of the prepared seed liquid by
hydralazine (HLZ) and nialamide (NLD), have supercritical CQ Figure 1 represented the scheme
been reported mutagenic in strain WP2f the apparatus. After the system was cleaned
uvrA/pKM101. HZH could induce a higher level with 75% (v/v) aqueous ethanol solution and then
of revertants, which carried suppressor mutationsterile distilled water to prevent possible
resulting exclusively from G:C-A:T transitions contamination, 50 mL of seed liquid with HZH
(Blanco et al. 1998). was loaded into the reactor with thermostat and the
In order to obtain a mutation with enhanced yielgipelines were linked tightly. Then GOwas
of lipase, here HZH was employed to treapumped into the reactor with the high-pressure
Flavobacteriumsp. strain YY25 through adding plunger-pump. The pressure and temperature were
straight into the seed liquid before treatment byeld for 30 min after the system reached 8 MPa,
supercritical CQ The co-effects of supercritical 35°C. Afterwards, gas-valve was opened to let out
CO, and HZH on the survival rate and positivethe CQ until a complete discharge of pressure was
mutation rate of the tested strain were examinedttained. The samples from different runs of
and possible action mechanisms were explored tneatments were taken out from the reactor. The
this work. control sample without HZH received the same

treatment as the treated sample except that it was

kept at atmospheric pressure.
MATERIALSAND METHODS

Cell viability measurement
Strains and culture conditions In order to explore the survival kinetics, the akri
Flavobacteriumsp. strain YY25, a wild bacterium di|uti0n_agar pour p|ate procedure was emp|oyed
that produced extracellular lipase, was used astg quantify viable cells in 50 mL of seed liquid.
tested strain. Using a selective medium, it waghe treated seed liquid as well as the control was
isolated from the fat soil sample around piggerygiluted serially with the sterile water by a factdr
The strain was a Gram-negative, rod-shapegn until a moderate dilution was attained. After
bacterium and showed yellow circular colonies o0 mL of the moderate dilution was added into
the agar plate. It was identifieélavobacterium the Petri-dish, about 15 mL of agar medium (beef
based on its physiological and biochemicakxtract 0.5%, peptone 1%, NaCl 0.5%, agar 1.5%,

characteristics using automatic microorganisnpH 7.5) was poured promptly. They were mixed
identification instrument. The tested strain wagnd incubated for 48 h at 30°C. The count of
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different seed liquids was repeated in parallel fothe arithmetic means of LogN{No) of minimum
three times. The number of viable cells waghree runs, wher&lo was the number of cells in
expressed as cfu/mL (cfu: colony forming unit).the control sample and was the number of cells
The values of survival rate were calculated withn the treated sample.

T 00

4

Figure 1 - Supercritical C@ treatment system. 1, G@ylinder; 2, filter; 3, Cooling bath; 4, high-
pressure plunger-pump; 5, reactor (thermostat e@fptiessure vessel). The labels T and P
refer to the temperature probe and the pressumgegagspectively.

Cell mutation measur ement obtained remained stable for at least 2 h. The

After the treated seed liquid was poured into platassayed mixture consisting of 2.95 mL of substrate

and cultivated for 48 h for the count, singlesolution and 0.05 mL of suitably diluted enzyme

colonies appeared on the agar medium plate. Allas incubated at 50°C for 10 min. The pNPP

the colonies from the plate of moderate coloniesreleased was measured at 410 nm in

number were selected individually and inoculategdpectrophotometer. One unit of lipase activity was

into the slant medium (beef extract 0.5%, peptondefined as the amount of enzyme, which released

1%, NaCl 0.5%, agar 2%, pH 7.5). After 48 h of1.0 umoL of pNPP in 1 min under the above assay

culture at 30°C, they were stored at 4°C asonditions. The lipase yield of the fermentation

potential mutant strains. The selected potentidiquid was expressed as u/mL.

mutant strains as well as the wild strain were

tested for lipase yield by fermentation. TheStatistics

positive mutation rate for each treatment wadll the experiments were repeated for three to four

calculated as the number of the positive mutartimes. The data shown in the corresponding

strains divided by the number of all selectedigures were the mean values of the experiments,

strains on the corresponding agar medium plate. and it was indicated that the relative standard
deviations were all within +5%.

Lipase assays

At the end of fermentation, the fermentation liquid

was centrifuged at 6000 g for 15 min and the cledRESUL TS AND DISCUSSION

supernatant containing extracellular lipase was

obtained. The spectrophotometric method wam a previous work, 8 MPa, 35°C and 30 min was

used for rapid and routine measurement of lipasgbtained as the acceptable treatment conditions of

activity using pnitrophenylpalmitate (oNPP) as thesupercritical CQ to obtain ideal mutant strains.

substrate (Mahadik et al. 2002). The substratghe mutagenicity could be intensified by adding

solution was prepared by adding 0.1 mL ofi.0% DMSO into the seed liquid before

solution A (150 mg of pNPP in 50 mL of supercritical treatment. The corresponding positive

isopropanol) into 2.85 mL of solution B (2.22 g of mutation rate was 45.6%. A mutant strain with

Triton X-100 and 0.56 g of gum arabic in 500 mLabout 44.2% increase in lipase yield than the wild

of phosphate buffer, pH 9.0). The emulsion
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strain was obtained by supercritical C&hd 1.0% CO, in the air. Apparently, in the supercritical
DMSO (Zhang et al. 2008). In order to obtain asystem, higher concentration of HZH was easy to
mutant strain with more productive lipase, a bettereact with CQ into a hydrazine compound, which
substitute for DMSO was considered to beeduced the inactivation effects.
explored. Results showed that 0.5 and 1.0% HZH treatments
had no significant differences in the positive
The effects of HZH on mutation in supercritical  mutation rates, adding up to the larger values of
treatment 58.3 and 59.6%, respectively. Pure supercritical
HZH is a monohydrate of hydrazine and relativelyCO, without HZH only provided the positive
safer than anhydrous hydrazine (Satyanarayamautation rates of 27.3%. Obviously, the mutation
and Bhattacharya 2004). Here, HZH was used asedfects were strengthened greatly by 0.5%, or
potential mutagen to treat the seed liquid inl.0% HZH in supercritical treatment. More high-
supercritical C®@ (condition: 8 MPa, 35°C, 30 quality mutant strains and a selected mutant strain
min). The results in Figure 2 showed that thef maximum lipase yield, with approximately
effects of HZH in supercritical treatment on cell76.7% increase than the wild strain, were obtained
were content-related. The survival of the cellswvith 0.5% HZH treatment (Fig. 3). It suggested
decreased with the increase in HZH content anthat 0.5% HZH was a better mutation dose than
reached a minimum at 1.0%. Afterwards, thel.0% HZH.
survival rate slightly increased. HZH can absorb
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Figure 2 - Effects of HZH in supercritical CO2 on survivalegt_Log (N/No)) and positive mutation
rate. Legendm, the survival rateg, the positive mutation rate. Conditions: pressére,
MPa; temperature, 35 °C; treatment time, 30 minHiHariable.
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Figure 3 - Relative lipase yield of the selected positive musdrains after 0.5% HZH and 1.0% HZH

treatments, respectively. Legend; 0.5% HZH treatment;A, 1.0% HZH treatment.
Conditions: pressure, 8 MPa; temperature, 35 ¥atinent time, 30 min; HZH, variable.
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Although 0.5% HZH alone resulted in by direct mis-pairing at replication rather than by
mutagenicity, it brought lower positive mutationerror-prone repair (Kimball 1977). Here, five
rate (only 8.3%) than the case of HZH insuccessive cultures of the selected mutant strain
supercritical CQ@ Perhaps supercritical GO were further performed wunder the same
facilitated transient permeability and inducedfermentation conditions. All the cultures showed
mutation function of the additive (Zhang et al.almost the same lipase vyield, indicating the
2008). Other authors have demonstrated that tleability of the mutant genotype.

activity of some intracellular enzymes declined, or

lost after supercritical treatment such as ATPas&he effects of HZH on pH drop in the seed
phosphatase, peroxidase, etc (Bertoloni et al. ;2006quid

Gui et al. 2006; Liu et al. 2008). So it was alsduring the treatment of microorganisms by
presumed that certain relevant enzymes with lipassupercritical C®@ in an aqueous medium, the
production might be induced, or changed bydissolution of CQinto the liquid phase is a natural
supercritical CQand HZH. process that leads to a pH decrease in the medium.
HZH was proved an alternative additive of DMSOTherefore, pH drop had been considered to be one
in the mutation treatment by supercritical Ofle  key in  the supercritical inactivation of
to its more powerful mutagenicity. The chemicalmicroorganisms (Kim et al. 2007; Bortoluzzi et al.
properties of HZH derive from hydrazine 2011). Here, a pH meter was employed to measure
(Satyanarayana and  Bhattacharya  2004}he pH value of the seed liquid before and after th
Hydrazine can react with the pyrimidines in DNAtreatment by HZH and supercritical €OThe

to form N*-aminocytosine. The amination of results of pH drop (Fig. 4) showed three stages:
cytosine may be mutagenic for bacteria. Thehe stable first stage, the second stage of a rapid
mutations from hydrazine are probably producedall, and the third stage of a slight rise.
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Figure 4 - Effects of HZH in supercritical CO2 on pH drop bétseed liquid. Conditions: pressure, 8
MPa; temperature, 35 °C; treatment time, 30 minHiH7ariable.

HZH is a polar solvent and can offer an alkalineof HZH (0.5%) had hardly any effect on the
environment for the seed liquid because of thenedium environment. Apparently the mutagenic
highly alkaline nature of hydrazine (Satyanarayanéunction was derived from the generated
and Bhattacharya 2004). The 0.5% HZH aloneompound of HZH and CO

resulted increase in the pH in the seed liquida(datSupercritical CQ@ can cause the chemical
not shown). But 0.5% HZH in the supercriticalmodification of the lipid double-layer of cell
CO, had almost the same pH drop as withoumembrane, thus increasing dramatically its
HZH. The change of pH drop reflected a balanceermeability, which contributes to interaction with
between the dissolution of G@nd the reaction of the intracellular materials (Spilimbergo et al.
HZH with CO, in an aqueous medium. Low dose2007). Higher doses of HZH (1.0%, or above) had
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less pH drop than pure supercritical £Ohey Gui F, Chen F, Wu J, Wang Z, Liao X, Hu X
produced more hydrazine molecules to neutralize Inactivation and structural change of horseradish
the acidification of CQ@ It was presumed that peroxidase treated with supercritical carbon diexid

HZH surrounding the cells affected the action of F00d Chem2006; 97: 480-489.
supercritcal CQ and then the potential Hegel PE, Camy S, Destrac P, Condoret JS. Influence

. e of pretreatments for extraction of lipids from yebg
mutagenesis path from the ) modification  of using supercritical carbon dioxide and ethanol as
membrane was blocked, which reduced the cosolvents Supercrit Fluid2011; 58: 68-78.
mutation effects. Kim SR, Rhee MS, Kim BC, Lee H, Kim KH.

Modeling of the inactivation of Salmonella
typhimurium by supercritical carbon dioxide in
CONCLUSIONS physiological saline and phosphate-buffered saline.
Microbiol Meth.2007; 70: 132-141.
The effects of HZH in supercritical treatment orKimball RF. The mutagenicity of hydrazine and some
the survival rate and positive mutation rate of th_ Of its derivativesMutat Res1977; 39: 111-126.
tested strain were related to its concentratiore THHU X, Gao Y, Peng X, Yang B, Xu H, Zhao J.
analysis on pH drop of the treated seed liquid Inactivation of peroxidase and polyphenol oxidase i

‘ded ibl | fi for th red beet Beta vulgarisL.) extract with high pressure
provided some possibie explanations for ihe Co- .,.,4n gioxidelnnov Food Sci Emerg2008; 9: 24-

mutagenesis mechanisms. An expected positivegq

mutant strain with higher lipase yield (about 29.Qviahadik ND, Puntambekar US, Bastawde KB, Khire
u/mL) was obtained by the synergic action of HZH JMm, Gokhale DV. Production of acidic lipase by
(0.5%) and supercritical G@8 MPa, 35°C) on the  Aspergillus nigeiin solid state FermentatioRrocess
seed liquid for 30 min. As far as mutation was Biochem2002; 38: 715-721.

concerned, HZH was a promising additive irSatyanarayana SV, Bhattacharya PK. Pervaporation of

; _ membranes with hydrophilic to hydrophobic
potential co-mutagen as well. behaviourJ Membrane Sck004; 238: 103-115.
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