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ABSTRACT

In the present study, a bacterial strain producing caproic acid, which was isolated and purified from Luzhou-flavor
Liquor Pit Mud, and characterized by morphological, physiological and molecular biological methods. Results showed
that the strain had the typical characteristics of Bacillus clone, acid- producing capacity as strong as 4.1g/L. Analysis of
its 16S-RNA gene in Ribosomal Database through online tools supported that the strain was Lysinibacillus sp in genus
Lysinibacillus. The present study was the first report that Lysinibacillus sp has capacity for producing caproic acid.
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INTRODUCTION

“Thousand years of old cellarand Million years of distiller's grains, Good liqudepends on the old pits"the old
liquor-making proverb in China reveals the brewmegchanism of high quality Luzhou-flavor liquor, whiis the most
common and best-selling liquor, accounts for 70f%he total output of Chinese liquors at presen€hina(Zheng et
al, 2011). Modern scientific research discovered tlggtdapit mud is the basis of Luzhou flavor Daqu digbrewing
and an organic carrier for pits microbes inhabitwas involved. The main microorganisms in pit mud anaerobic
heterotrophic bacteria such as caproic acid bagtenethanogenuslactobacillus and so on; among them, the most
important of which is the caproic acid bacterian@et al 2014;Hu et al 2014;XU et al,2011;ZHANGEPR006). In the
fermentation process, caproic acid bacteria utlitee fermentation products of ethanol, acetic dwidyric acid, etc, to
produce caproic acid through complicated metabmlaress, and then ethyl caproate. It is well-knahat the ethyl
caproate is the main fragrant substance in Luzlaaoif Daqu liquor, the quantity of microbial flocd the caproic acid
bacteria and its growth directly affects qualityfefmentation in the process of Luzhou-flavor déiquor. Therefore,
the bacteria have become a hot topic of Luzhowsfldiguor fermentation industry(Ke et al,2013;MIA€ al 2012;
YAO et al,2010;Zhao et al 2012).

At present study, a strain efficient to yield capracid was isolated and purified from mud of a dnedl-year pit; the
morphological, physiological and molecular biolaiproperties were utilized to identify the straisslated, providing
basic materials for the further research on theéetation mechanism of Luzhou-flavor liquor.

EXPERIMENTAL SECTION

Materials

Pit mud

Collected from 100-year pits in Luzhou Laojiao Aad., a famous liquor-making enterprise for LuzHtavor liquor,
located in Luzhou city, the southeast of Sichuavince, PRC.

Culture medium

The culture medium for present study was prepasddlbws:

Enriched medium: sodium acetate0.5%, magnesiunmatsuld.02%, ammonium sulfate0.05%, yeast extract(.1
dipotassium phosphate0.04%, pH 6.8.0, 122C sterilization 20 min, addition of 2% aseptic etblaabsolute before
inoculation.

Isolation medium: added 2% agar into enriched media solid medium which was used for the isolation and culture
of caproic acid bacteria.

Fermentation medium: sodium acetate0.5%, magnesiufate 0.02%, ammonium sulfate0.05%, yeast ex®&s%o,
dipotassium phosphate0.04%, pH 6.8.0, 122C sterilization 20 min, addition of 2% aseptic etblaabsolute before
inoculation.
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Reagents

Centrifugal columnar bacterial genomic DNA extranti kit (Tiangen Biochem(Beijing) Co., Ltd) ;
agarose,DreamTag-TM DNA PolymeraseMBl ) , SanPrep column DNAJ gel extraction kit, DNTP, DNadder Mix
maker, DNA Ladder Mix maker(Sangon Biotech(Shanghal Co., Ltd) ; Hexanoic acid(Chengdu Kelong Chemical
Reagent Factory); All other reagents were of aiadygrade.

16SrDNA bacterial universal primers:

Forward Primer CAGAGTTTGATCCTGGCT

Reverse Primer AGGAGGTGATCCAGCCGCA

Primer sequences were synthesized by Sangon Bidt8banghal Co., Ltd.

Methods

Enrichment culture

1 gram pit mud sample was weighed, and added iask tontaining sterile water100 mL, the flask wsaaking 180
r/min for 30 min, the sample was dispersed in Igtevater well-distributed, and then bathed in@0 atexfor 10 min to
remove non-spore bacteria,the flask was shakingvtid local heating constantly , then 1 mL sammlit®n was
drawn and added into 20 mL enriched culture, ad®ted liquid paraffin to seal the liquid medium twmlate of the
outside air, Cultured for 7 days under the condité constant temperature of 35, gas production in the test-tube was
observed.

Clones isolated

Enrichment medium producing gas was treated ifC3@ater for 10 min again, theni . enrichment culture broth was
drawn to spread plate containing isolation medithme, plate was cultured for 7days after added stdiquid paraffin
covering, the colony growth was observed.

Preliminary screening
Single colonies were picked and inoculated intb tises containing10ml fermentation medium foristatilture 7 days
at 30°C, select the tubes producing gas more fmreening.

Rescreening
Suspension culture of the Preliminary screeningdsecwas inoculated into 250ml fermentation medistationarily
cultured for7days, caproic acid content was tedtaaiculated number of bacteria by hemocytometer.

Detection of caproic acid content

Qualitative Analysis

4mL fermented fluid was drawn, 2% copper acetatetism 1mL was added, and then 1mL diethyl ethes wedded,
eddied for 1 min and then stood for 10min, obserthér layer color after standing.

Quantitative Analysis

Preparation of dilution liquid

0.4% sodium acetate; 0.1% yeast extract; 0.05% arum sulfate; 0.04% dipotassium hydrogen phosptat®%
magnesium sulfate; 1% ethanol.

Preparation of stock solution
116.16mg caproic acid was weighed, 10mL diluents wadded to dilute the caproic acid, PH of the mixtwas
adjusted to 6.8 then the mixture was shaken to uniform.

Drawing the standard curve

15mL mixture, which contained caproic acid concatitn in 0.5808mg/mL, 0.2902 mg / mL, 0.1451 mg/ralQ7255
mg/mL respectively, was prepared by adding cer&imount of diluents and stock solution mentionedvab®%
solution of copper acetate (2mL), diethyl ether (Jnmto the test tube with stopper, stood layerdidravortex
1min, the ether layer was drawn and measured OD valué$Gim wave length, standard curve was drawn with
caproic acid concentration as the abscissa, OeValuthe vertical.

Detection caproic acid content of the fermenteditiq

The PH value of the caproic acid bacteria fermefitpdd was adjusted to 6.8. the solutionfor detecivas added 7mL
diluent, 5mL ether, 2mL 5% acetic acid copper sotytlmL caproic acid fermentation broth respedyiveddied for
1min and stood for 10 min, draw

supernatant for detection; the blank control mixtwas prepared by adding 8mL dilution,

5mL ether, 2mL 5% solution of copper acetate retbpalg, eddied for 1min and stood for 10 min, draupernatant
for detection.5 replicates for each sample, olitaéncaproic

acid content of the tested sample according tetdwedard curve.

Cloning and Analysis of coproic acid bacteria 16SrRA gene
The Genomic DNA ofcoproic acid bacteria was extracted according ® itfstructions of Centrifugal columnar

bacterial genomic DNA extraction kit Tiangen Bioohé Beijing) Co., Ltd) .
PCR amplification

PCR amplification of the 16S rRNA gene was perfatrasing the universal primer mentioned above ageats the
reaction system and condition were listed in tdbdnd 2 respectively.
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Tab 1 PCR reaction system in 16SrRNA gene amplifitin

reagent Volume (pL)

Template (genomic DNA 0.5

10xBuffer (with Mg?") 25
dNTP (each 2.5mM 1

DreamTaqg-TM DNA Polymerase 0.2

F (10uM) 0.5

R (10uM) 0.5

Add double-distilledHO up to 25

Tab 2 PCR reaction conditions in 16SrRNA gene amglcation

temperature  time procedure
94°C 4min pre-degenerative
94°C 45sec
55C 45sec 30cycle
72C 1min
72°C 10min extension
4C 0 termination reaction

Gel electrophoresis
The PCR products were examined by electrophoresi®® agarose gels for20min at 150 V voltage andri®006urrent.

Purification and recovery of DNA

The desired DNA electrophoresis bands of PCR prtduere recovered purified according to the manual of SanPrep
column DNA gel extraction ki Sangon Biotech( Shanghal Co., Ltd) , Purified PCR products were sent to Sangon
Biotech (Shanghal Co., Ltd for sequencing.

RESULTS AND DISCUSSION
The morphological properties

LJ-1 Clonorphology LJ-1 cellular morphology (10x40) "
Figl. Morphological characteristics of caproic acidbacteria strain K-1

The screend strain of caproic acid bacteria frotmpid in the present study showed consistent cobbwayacteristics,
those are ivory-white, round, wavy edge, the colehgracteristics of the bacteria were white, roundyy edge,
diameter 2.5-3.5mm, protruding into a table-likeface or smooth shape; the morphology of the biatteell were rod-
shaped bacteria, slightly curved, one end of emlaent, single, in pairs or short chains, ends rednar slightly
pointed, 0.5-0 .9 x 1.4-2ufn,Gram-positive.the bacterium was named the skalinn present study.

The physiological properties

The growing and acid-producing properties of theesged caproic acid bacteria was detected by thensnef
Hemocytometer Measurement, copper acetate chronwgessay in conjunction with the quantitative cotoatric
assay,the results were shown in Table 3.

Tab3 Quantitative assay of producing caporic acid fostrain K-1

] Groups 1 5 3 4 s o
Test items
Bacteria number
(x10’ cfu/mL) 4.5 36 4.2 4.6 5.2 4.42+0.58

Caproic acid contert mg/100mb 346.4 418.6 4864 3158 4935 412.14+80.28

Analysis of the data in the table3 showed propgdtfollows (1) slow growth. The number of bacteria of the strain
K-1 was merely 4.42 x 10(cfu / mL) for 7days growth period, indicating ttstrain had a slow growing
characteristics;(2)capacity for caproic acid pradgcThe yielding of caproic acid was up to 412rhg/100mL for 7
days fermentation period, indicating the preseamirsthad the ability to produce caproic acid effitly.

PCR amplification of 16SrRNA gene

Under the set PCR conditions in present experintéet, DNA bands of about 1400bp appeared, indicétiag the
16SrRNA gene amplified successfully, the last tssubed be confirmed by sequencing
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500 1000 3000

1500
Fig2 the agarose gel electrophoresis of 16SrRNA gein K-1 strain (Lane 1, 2 PCR products,Lane3 DNA marken

Sequencing identification of 16 SrRNA gene
The PCR product of 16SrRNA gene in K-1 strain werst $0 Sangon BioteckShanghal Co., Ltd for sequencing, The
result was as follow:

CEGTGCTATACATG CAAGTOGAGOGAACAGCAA A NMCGCGAGCTIGCTCCTTITGACGT TIAGOGGUGEEACGCGETEAGTAACACE TG G GCALCCTACOCTATA
CT T T GG CATAACTOOG G GCALACCCCE G CTANTACCCANATAATCTCT T I TACT TCATGGOG A8 S ACT GCAAACACCECATCTOSCTESTOS OCTATAGS ATG
GECOCCECE G OECAT TAG CTAG TTGEE TE AGE TAACEE CTCACTAMG G CGE ACE ATGE G TAGS COGE ACCT G AGAE GE TG AT CE G CCACACT GGEACT GAG
ACACSGCOCAGACTOCTACG GG AGGECAGCASTAGE GAMTCT TOCACA AT GEEGEOEASASCCTEAT G GAGCAACECOECETEAGTEAMGANMSGET I T TC
CEATCETAL AL CTCTGTTIGTAAG GG ALGCAACAACTACAGCGTAGTALACTG G CTETACCT TEACGE TACCT TAT TAG AL LS CCACGGECTALCTACES TGOS
A OSGTANTACGCTAGE TG G CAACOGTIGTOCOGGAAT TAT TGGGUGTAAACGOGUCOCCAGGUSGTCCT T TAAGTOCTGATGT GALAMGLCCACGG
CTCAACCGTCCAGGGTCAT TGEAAACTGEGEGACT TGAGTGCAGAAGACGCALALMCS TG GAAT TCCAAGTGTAGUGE TG AAATGOGE TAGAGAT TIGGE A
GCEAACACCAGTEGGOCGAAGSGOCGACT T TCTGGTCTGTAACTGACGCTGAGGOGCE AAAGCETEGEE G AGCAAACAGGAT TAGATACCCT GG TAGSTOCAC
GOCGTAAACGATGAGTGCTAAGTGTIAGGEGGGET T TCOGCCCCT TAGTGOCT G CAG CTAACG CAT TAAGCACTCCGCCT GGG GEAGTACGEG TOCG CALMMG ACT
GCAAMCTCAAAGGAATT GACGGGEEGCCCEGCACAAGCEGETEEAGCATGTGGT T IAATTICGAAGCAACGOGAAGAACCT TACCAGGTCT TGACATCOCCET
TEACCACTG TAGSAGATATAGT T TCOCCT TG GG GEECAACEEGTEACAGETEETGCATGGETIGTOCGETCAGCTOSTGTOETGAGATE T TEEGT NASGT OO
GCAACCAGCECAACCCTTIGATCT TAGTTIGOCATCAT T TAGT NG GECACTCTAAGGTGACTG OO G TEACALAACCCSCAGCAAGCCTEGEGCATGACET O
ALATCATCATGCCCCT TATGACCTGGGOTACACACGTGCTACAAT GGACGATACAAACGGTIGCCAACTCGOG AGAGGGAGCTAATCCGATAAAGTOSTT
CTCAGTTOCGGATTIGTAGGCTGCAACTCGCCTACATGAAGCCG G AT CGCTAGTAATOGCGGATCAGCATGCOCGOCGE TEAATACG T TCCOGGGOCCT TG TA
CACACCGCCCGTCACACCACGAGAGT I T GTAACACCCGAAGTOCGGEGTGAGGTAACCT TTGGEAGCCAGCOGCOGE AAMGET

Fig3 the sequencing result of 16SrRNA gene in K-1rain

Blast16SrRNA gene sequence of K-1 strain in Ribaddatabase (http://rdp.cme.msu.edu/index.jsphe results
were shown as follows:

rootrank Root (0720135491 6) (selectedsmatchys total RDP seguences)
domain Bacteria (0 2Z051321669)
phylurm Firmicutes [(0/rZ0r432732)
class Bacilli (0rZ0rZ61033)
order Bacillales (0/sZ205166Z83)
family Planococcaceas (0/2074078)
genus Lysinibacillus (0rZos 10610
I S0004348473 not_calculated 0.983 1391 Bacillus sp. ZYM; AY043358
— S000444545 not_calculated 0.982 13285 Bacillus sp. LY: AY 78373805
— S00085942Z7F not _calculated 0.984 1351 Bacillus sp. ged4; EFS0361 3
— S000859428 not_calculated 0.984 1351 Bacillus sp. ge05; EF503614
— S000981370 not_calculated 0.984 1211 Bacillus sp. TTW-7; EU363693
,lj‘ SO001 575652 not _calculated 0.994 1374 Lysinibacillus sp. Z210_19; GQ1997Z1
H 7] SO0ZZ3I1972 not_calculated 0.9932 13202 Lysinibacillus sp. RSHNPB24&; HMEE881 66
— SO00Z291 7307 not_calculated 0.9283 1270 Lysinibacillus sp. DT12; JMZ081920
— S00Z2952831 not_calculated 0.294 1374 Lysinibacillus xylanilyticus; M-SZ30; JF 731236
— S00Z29556201 not_calculated 0.983 1314 Lysinibacillus sp. LARI-B-3; JN411377
— SO003261959 not_calculated 0.287 1395 Lysinibacillus sphaericus; MBRC 3341; ABGB006S
— SO003261994 not _calculated 0.287 1395 Lysinibacillus sphaericus; MEBRC 32526; ABSS0103
— S003Z281684 not_calculated 0.983 1353 bacterium NLAE-ZI-P8; JQ&606849
— SO003285844 not_calculated 0.988 1302 Bacillaceae bacterium SE&: JQF14089
— SO003299606 not_calculated 0.9286 1364 Lysinibacillus fusiformis; R3; Q991002
— SO003315456 not_calculated 0.982 1367 Lysinibacillus sphaericus; BL7; JOQ923445
— SO003IF14984 not_calculated 0.987 1425 Lysinibacillus sp. S51.22; KC1&60856
— SO03IFS4414 not _calculated 0.987 1432 Lysinibacillus fusiformis; 4445 KC3IZ29831
I~ S003804087 not_calculated 0.997 1338 Lysinibacillus sp. ¥YZ0; KC7O08570
— S004046236 not_calculated 0.284 1341 Lysinibacillus sp. S-2; KFO33126

Fig4 the blasting results of 16SrRNA gene in K-1 stin

the blasting results demonstrated that the 16Sr[@ie in K-1 strain was almost identical to that.gé$inibacillus sp
Y20 (Sequence No S003804087), the identity wasoup997, indicating that the screened K-1 straibyisinibacillus
sp Y20.

DISCUSSION

Currently, caproic acid bacteria generally refersatclass of microorganisms which can ferment gram produce
secondary metabolites-caproic acid in the fermemigirocess, there are extensive microbial spedasisting with the
definition, but mainly bacteria. The first capraicid producing bacteria is Clostridium Kuyveri whiwas named by H
Barker in 1942.This bacterium belongs to Phylummitutes, class Bacilli, order Bacillales, Bacillaee
Clostridium the cell of which is rod-shaped bacteria, 0.9 -%.B-1lum, Gram-positive, mobile, grow in high
concentration yeast extractaterment ethanol to caproic acid, and which is thly dacteria in genus clostridium that
can accumulate caproic acid(Paul et al,2009; Tthaeieal 1968;Jia et al,2013; Seedorf et al,2008pL&it al,2010).

The stuy of caproic acid bacteria in Chia rose964Lin the duration of ethyl caproate to be discegehe pit bottom

fragrant substance in Maotai liquor(WU et al,200ffpm then on the different research units and digmaking

companies had isolated many strains of bacteria egipaciy of producing caproic acid for researath production(WU

et al,2007;MIAO et al 2012; YAO et al,2010;Zhaoadt2012;) Aomg these strains, the most famous one is Inner

Mongolia light industry 30# Inner 30# , which was isolated and purified from pit mud of \fdnigye Group Co., Ltd

in 1975 by Light Industry Research Institute of énnMongoli the Inner 30# was identified as Clostridium

Kuyveri(WU et al,2007) the strain, which was preserved in China center irafustrial culture collection
Chttp://www.china-cicc.orgl as the strain No 8022 , was one of the most stuati@th on morphology physiology and

function until now, However, the molecular biologlicharacteristics need to be further investigated

In the present study, so as to understand the temionstatus of K-1 caproic acid bacterithe Morphological and
physiological characteristics were studied. thelltesshowed that there was no much difference thighones isolated
from pit mud earlier in Morphology (MIAO et al 201XAO et al,2010;Zhao et al 2012), but it had higlaeid-
producing efficiency(412.14mg/100mL) closer to YADal (YAO et al,2010), obviously higher than tho$&IAO et
al and Zhao et al(MIAO et al 2012; Zhao et al 2012)
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To further explore the taxonomic status of K-1 cépiacid bacteria, the 16S rRNA gene in the stveds cloned and
analyzed.16S rRNA is a kind of ribosomal RNA in kayotic microorganism, approximately 1.5 kbp fragsize.
Composed by a number of armbands, some base padnmgthe rest to form a ring, and can be divided four
domains, the sequence of it is highly conservedyitnas a "bacterial fossils," the microbe spedestification based
on the 16S rRNA gene sequence analysis had becomatine method for bacterial classification(Dingat,2014;
Dougal et al,2014; Hu et al,2014;TANG et al,20T)e cloned 16S rRNA gene was blasted in the Ribas@ratabase
Online (http://rdp.cme.msu.edu/index.jsp), the lssshowed that the strain isolated in presentysiuds identical to
Lysinibacillus sp Y20 in 16S rRNA gene, indicatitigis strain belongs to Phylum Firmicutes, classilBaorder
Bacillales, Bacillaceae, Lysinibacillus. anotherast, which has caproic acid producing charactessthave been
identified as Lysinibacillus fusiformis in this gem[7], this study is the second caproic acid peauystrain from the
genus Lysinibacillus, The strain was also firstore@d to have caproic acid producing propertidsoate and abroad.

CONCLUSION

In short, the results of present study showedahatw caproic acid-producing strain named Lysinlhecsp Y20 was
identified for the first time by mean of morphologphysiology and molecular ecological methods, sosqme
discovery broadened the scope of caproic acid-miadubacteria and provided a new and high-yielditrgin for the
research and production of Luzhou-flavor liquor.
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