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ABSTRACT: Objective To screen salt-tolerant esterase-producing strains from yellow water and analyze their
metabolic products. Methods Esterase-producing strains were isolated from yellow water and identified using
morphological, physiological, biochemical and molecular biological methods. Results The 9 esterase-producing
strains were screened from yellow water, among which CZ-1, CZ-5 and CZ-8 were Paenibacillus dendritiformis,
CZ-9 was Paenibacillus cookii, CZ-10, CZ-13 and CZ-15 were Bacillus velezensis, and CZ-3 was Saccharomyces
cerevisiae, P5-5 was Pichia manshurica. All 9 strains had good salt tolerance and could grow at pH 2.0-11.0, and 7
strains had salt tolerance up to 120 g/L. Experiments showed that when using caproic acid as the substrate, the
esterifying enzyme activities of strains CZ-1, CZ-3, CZ-5, CZ-8, CZ-9, CZ-13, CZ-15 and P5-5 were 69.93, 70.62,
6.01, 67.65, 35.31, 48.51, 69.24 and 71.45 U/mL respectively, and strain CZ-10 had no esterifying enzyme activity.
Gas chromatography-mass spectrometer analysis showed that 12 kinds of volatile components of alcohols, 7 kinds of
volatile components of aldehydes, 1 kind of volatile component of ethers, 3 kinds of volatile components of amines,
11 kinds of volatile components of ketones, 9 kinds of volatile components of esters, 3 kinds of volatile components
of acids and 22 kinds of other volatile components were detected in the fermentation broth. Conclusion The 9
esterifying enzyme-producing strains are screened from yellow water, all of which have good salt and alkali tolerance
and esterifying enzyme activity. P5-5 has the highest esterifying enzyme activity and the most types of volatile
components, which provides a theoretical basis for the subsequent treatment and application of yellow water.

KEY WORDS: yellow water; esterase; metabolic products; Paenibacillus dendritiformis
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TR PIEAL G IR 5L HATHE 20.0 g/L, AR 20.0 /L, pH H
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22 CRHE, AR CZ-10, CZ-13 1 CZ-15 Bk FL A,
BT, B ANZERE, % [RBHE, i FPk; cz-3 M
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K1 HEEES @MU D, 40%)
Fig.1 Colony morphology (a) and cell morphology (b, 40x)
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Table 1 Sugar fermentation experiment
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Fig.2 Nitrogen source assimilation (a) and carbon source
assimilation (b)
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M2 AT, Wbk CZ-1, CZ-5, CZ-8. CZ-9. CZ-10,
CZ-13, CZ-15 ¥ReFI A0S . 22 200 . SR FN ey
RIEAE K, NS, RIEEE CZ-9. CZ-13, CZ-15 iR REF
FHE B AR AR s AR K, HERE CZ-1.CZ-5.CZ-8.
CZ-10 BRI S Efn 2L E R if ALK, N7 Rs &
TR R A ALE, IR R EY, T H,S A Ak
CZ-10. CZ-13, CZ-15 LR Ay BB fg vEk, FIA
FERERRER; Wbk CZ-9. CZ-13. CZ-15 W|WESzie 5L [
N, HATEMRSE PR N BbAh, Wik CZ-5. CZ-8. CZ-9
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Table 2 Results of bacterial physiology and biochemistry

S

SHGITH
Cz-1 CZ-5 Cz-8 CZ9 CzZ-10 CZ-13 CZ-15
H,O, fif} . N .
Rl + + + + + + +
S
T + + + + + + +
PR LR - - - - + + +
M.R.SZES - + + + - - -
V-PEEE + - - - + + +
WERSER o+ + + - + - -
SR - - - - T :
Rk - - - - + + +
wiEE o+ + + + + + +
F N + + + + + + +
bk + + + + + + +
TERE + + + + + + +
FEe - - -+ -+
FLbE - - - + - + +
CZ-10
a 91% CZ-15
~'MZ485916.1 Bacillus velezensis
93% 522 1;3.1 Bacillus velezensis
o5% s MN493560.1 Bacillus velezensis
. JF912890.1 Bacillus vallimortis
92%— OM920894.1 Bacillus siamensis
GU097200.1 Bacillus subtilis
90% JQ411470.1 Bacillus amyloliquefaciens
9% KR866140.1 Bacillus licheniformis
5% CZ:9
92% [ TMT789146.1 Paenibacillus cookii
PP961386.1 Paenibacillus cookii
91% —MF179550.1 Paenibacillus cookii
92% CZ-5
2% 9% CZ-8
CZ-1
93% HMO071942.1 Paenibacillus dendritiformis
93% [LC588525.1 Paenibacillus dendritiformis
94%0Q874389.1 Paenibacillus dendritiformis
0.02

213 HFAEMFEELER

¥ Cz-1.Cz-5.CZ-8,CZ-9,CZ-10, CZ-13 F1 CZ-15
PRBRINT BF 15 16S rRNA JFFIH1 CZ-3., P5-5 WK s
26S rRNA 238 Gen Bank 34 /%2 5% Fil BLAST #4755 %F
WA, MK 3 AT%, CZ-1, CZ-5 Fl CZ-8 23 Bl SHbiR 4
AT (Paenibacillus dendritiformis)i [ IEYER 99%, CZ-9
5 S 2R AT I (Paenibacillus  cookin) TR JEME TR 99%,
CZ-10, CZ-13 M1 CZ-15 F&#ES 55 DU 3 B 28 I A 1
(Bacillus velezensis) Y[Rl IR TEIE 99%, CZ-3 5 ERH B+
(Saccharomyces cerevisiae) I [EIIEMETE 99%, P5-5 511 ke
IREERE(Pichia manshurica) W RIR TR 99%, 4546 E#A:1b
FEIE, CZ-1.CZ-5 Fll CZ-8 NMPIRZEZFAAT B, CZ-9 NFEFR
HEMIFFE, CZ-10, CZ-13 Fl CZ-15 g D13 28 MuAT 14,
CZ-3 FTR R, P5-5 Jipi I B R RS
2.2 BEHREKFHARER

2 R R AR K I T IS B P A KR L R R
R R AR S ek (s B, KR B A R R
HiFekrh, AR 0.5 h B 1.0 h il SO (E, P 4 T, 9
PRB R AE R ARG oS 2 FRAE, AT B RS | X4
K WM . P5-5 7E 14 h WHJT LA PRSI K, H.
22 h B A K OR A e, AR K RR R KM 0.11 b, —
I TAERIRE, HBRRAREN, CZ-1 MIBEKAERKR
G20, 8 h 5 HE A RUE KM, R PGH A, 13 h )5, bR
RV SE CZ-3 AERKIBGHNARK, 0.5 h ek A4 K
i, 7E 1 h ITFLRPRsliig K, 8 h BIIkiEf, 254 REAIK,
TR, 7 h iK%k R K 0.40 b CZ-5 —
BHAATAERRE, BRBHREE; CZ-8 £ 5 h /i
A, 10 hJEHEKZHE, 5B T V5% CZ9FMCZ-107E 1 h
Je e A KPR, 2R 7E 10 h 20 h AR AR KIEE, 5
CZ-9 BARFFIRFET™, 1 CZ-10 L= K548 — BBt 0] f5 FF i 52
T, XARe S YA K, CZ-13 I CZ-15 A KR
“SURUREE, A KA HILE 4.0 h 3.5 h iRFIE(E, 7 0.03h™
0.05 b, T4 HI7E 20 h 17 h J5 k54 KA1 .

b

38% | KM589487.1 Saccharomyces cerevisiae

3% 0Q519823.1 Saccharomyces cerevisiae

39% HQ149309.1 Saccharomyces cerevisiae

MKO034750.1 Pichia manshurica

3% 38% |AJ749826A1 Pichia galeiformis
2 FM180542.1 Pichia manshurica

P5-5

0Q874389.1 Paenibacillus dendritiformis
92% MN493560.1 Bacillus velezensis

9% OM920894.1 Bacillus siamensis
0.02

P3G (a) FIBE R (b) RGE L B
Fig.3 Phylogenetic tree of bacteria (a) and yeast (b)
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2.3 EMKTIEREE . MERME AT

M 5a B H, Btk CZ-1.CZ-3.CZ-9.CZ-10,CZ-13,
CZ-15 Fl P5-5 TGN 120 /L BHPATAE K,
Ftk CZ-5.CZ-8 435l e AE A fL 4k B v ok 80 g/L .40 g/L
RIS TAEK; mE Sb &M, Wk CZ-1. CZ-3. CZ-5,
CZ-9. CZ-10. CZ-13, CZ-15 I P5-5 {E pH 2.0~11.0 544
TABAIAEH, 24 pH KT 9.0 I, Btk CZ-8 AHEMSLELLLE
£, R 9 MR BRILER A MRIS A RAF 09 SRk B . R,
PO i A 2 8

[ 20 g/L
05 r B 40 g/L
[ 60 g/L
04 80 g/L
4T I 100 gL
20 gL
g 03
a
S
02
01 f
b
QS
S

N AP ab AP a4 N D o b
SN NS Y A A P A AR o
L3

5 BRI ELE ) I R ()
Fig.5 Salt tolerance (a) and acid and alkali
resistance (b) of strains
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BEALIGRES L IR . 1R . T IRAIFLIR /My T IR
HOBRN, EROROTE . ZROFE. TR OBRMTLER
CEREBRL T . M 6 FIAL, LICER MY, AR
xR, Hikk Cz-1, CZ-3, CZ-5. CZ-8, CZ-9, CZ-13,
CZ-15 Fl P5-5 BEME=AETRILEE, LI B NIKYINT, BEEE T

S5R 69.93, 70.62, 6.01, 67.65, 35.31, 48.51, 69.24
71.45 U/mL, itk Ps-5 BRICHRS fifmrm; Wik CZ-3.
CZ-1., CZ-15. CZ-8 IRZ, Wtk CZ-5 mAk, ERfbBHE 1N
6.01 U/mL, Btk CZ-10 TEALEEE 7.
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Fig.6 Esterifying enzyme activity
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AWFFER R CZ-1.CZ-3.CZ-5.CZ-8.,CZ-9.,CZ-10,
CZ-13. CZ-15 Hl P5-5 KEEWHAT T HELIERN M 4E5E, F)
FHACHR - Jo 3 06 TR — AR TR 5 T 45 Ak 27 1040 1 A
XA EY, 2% AR 68 R LA YIMI(E 3). H
3 WA, WRIETERRE N, RS R A LN
B, WELOMEL . BR L BR. R 8 AR, bl
FATEIE . IR PR . BERIE RS 12 Fh, B
KRR AT TR0, BERHRR PR 1R, e #5 kM
I3 3Fh, WRZSIE LML 11 Fh, BERAE LR O Fh, MR
¥R MRS 3 PRI 244 R PR A A 22 B SEERIA Y
PERMEA 2 BUSY, CZ-1 R h % R A 13
T, mIWE S L, MR 66.33%, HUAKK AR
FEE . Pk KR SR AR R e AT 4 ok
7.13%. 5.11%. 1.30%. 0.87%, JLAALEWAIERT B .
2-FHSE T REAN 2- T WE%; CZ-3 KM h %5 % &k Al
SR 12 Fh, IEREE SRR, XTSRS 31.82%, Hik
WK A 2- A B MG FI R 24 30 T e, MK &5 4 43 501 K
14.48%., 3.42%, b A YR ts 2-2 3L O FE . K
MR OIS, CZ-5 KRR 5@ MR VRS A 12 Ff,
mRIE B A, AR AR 54.17%, HRARIK AR R
ZHEBE A Z R G, XS 5.28% . 5.14%7F1
0.95%, HALAYIRaE 2-FE TR, HAaEm. —H
SCEETRANAR R R — W R SF; CZ-8 R P % e th 45
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BB 13 Fh, IS R s, A SR 61.76%,
HUAIRYCH A R . W ik . R IFHERR IR 2 R 2T, A
SR BN 5.36%., 5.07%. 1.01%F1 0.99%, H4exb4
YR ATE 4-2,3-1-2¢ B30 | TN FEIE A iR AR A —
MR WRSE, CZ-9 KMl h % e MRS SH 18 Fh,
R R, AR 37.40%, HAKK O —H
Bk . 2-FRET W . ZEIFMERE RN 2R T e, ARXE &4 5
M 13.92%. 2.09%. 1.88%F1 1.16%, HAe&WiB s
2,5- HIEWERE | PR LR £ TR AN AR IR R IR 4
CZ-10 KW h % thFE R 10 F, R &
B, MY RN 13.63%, HWRARK N —HEE . Ak
W SRIFEMEFN 2-2 FECUBE, AHXT SRS 12.04%,
2.34%. 1.41%M 1.17%, HaEWR R L mE . NER
FIARAE — F iR RS, CZ-13 Kb % ¥ LRk

S 22 By 3-FRFE-2- T B htde s, AT S 17.64%,
HRKRCAZE R, Wk, 2K ZFR 2-2. 362 i, ARt
RN 9.58% . 9.27%. 2.30%F1 2.22%, HALEY
WALFE 13- R B R IR NG | 3-F5E-2- T . 2R W
BEFIARAE — R W BR %, CZ-15 KW T %2 I & 1
A4 18 Fh, 3-B I 2- T W& b fem, Mk
18.98%, UK B . —HEE. 2-BEEIM 2-2.36 2
Tt AT A A 9 10.62%.10.20% . 2.58%F1 1.95%, H:
RALG Y IR ALHE 4-CFK B RO )-2- 28 B IR SRR 945 T 2k
IEPIER AL R e eSS, PS-5 RBEM % aE
RAERAY A 29 Fh, ZRCBES B A, AR AR 22.53%,
HWRARK R IE I . 2-H 3 TR R 2430 T %6, AT i
SRR 17.54%. 10.73%F1 6.66%, HALE Y4455
TR, 2-HIEETEE . HR PR RIRA T A4S
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Table 3 Main volatile components and their content in fermentation broth of strain

AHXS & /%
a2 RS IREE HSCAAFR 43 ¥
Cz-1 Cz3 CZ5 CZ8 CZ9 CzZ-10 CZ-13 CZ-15 P55
1 3.012 BT R CHO 027 - - - - - 0.55 - 0.11
2 3.751 2-TEE CH,O 006 - - - -
3 3.965 — P CHNO  0.03 - - - -
4 7.592 2-HIE T B CH,0 082 0.34 2.09 - - - 124
5 20314 2-Z SO CHiO 026 015 - 023 053 117 222 195  0.10
ks 6 7435 AT CsH,,0 - 3182 - - - - - - 17.54
7 22534 INVETTE CsHi00 - - 006 - -
8 20315 4-ZHe- 13- CoH;50 - - - 026 -
9 22.529 AR CsH,00 - - - - 080 069 230 092 2253
10 7.446 2-Pbe-1-p C;H,0 - - 0.08 -
11 4.908 [5gc i C;HO - - - - - - - - 0.06
12 10508 1,3- 5 Ade-2- Wi C4H{0;5 - - - - - 0.04
13 18235 R CHO 713 063 528 536 3740 1363 958 1062 124
14 20.746 K CsHgO - 0.60 - - 0.64 - 0.33 - 1.67
15 7.598 AT CH0 - - - 030 -
B2 16 4.688 S CsH,0 - - - - - - - - 0.34
17 22280 T CoH ;50 - - - - - - - - 0.08
18 4914 T C,Hs0, - - - - 0.18 0.06
19 15948 il S C3H{O, - - - - - 0.09
il 20 2.649 —HIk CGHO 511 - 514 507 1392 1204 927 1020 023
21 14628 N'Mﬁ% - CHNO - 014 - - -
i
lires
22 26580 TR C,H;NO, - - - 001 -
23 16.141 23- 2 3-T T CsHigN, - - - - - - - - 0.05
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=3

K S REm P USEN HixS et
CZ-1 CZ-3 CZ-5 CZ-8 CZ-9 CZ-10 CZ-13 CZ-15 P5-5
24 21349 KM CsH:O 0.13 005 0.12 011 019 - - - -
25 2.838 LG C;HO 018 015 - - 029 042 014 - 039
26 6.187 3-F3E-2- T CsH,00 - - - - - - 102 014 -
27 6.207 3-FRHE-2- T C,H;0, - - - - - - 1764 1898 -
28 15.826 2- B CH,,0 - - - - - - 115 258 -
. 29 26.450 F LT HT CyHn0 - - - - - - 035 - -

e —
30 3.581 2,3- T CHO, - - - - - - - 1.24 -
31 18.130 6-F3-2- il CeH,0 - - - - - - - 095 -
32 18.434 5-F3E-2- il CgH, 0 - - - - - - - 1.95 -
33 19113 — 22 HIESCH)- CsH:0S -o L . ; - 06l
WEERS il

34 7.571 TR CHO - - - - - - - - 288
35 25.494 KRR CioH,,0, 130 015 095 099 008 - - - -
36 29.633 AR H R — H g CioH;¢04 0.16 0.16 0.4 017 033 025 0.8 0.8 008
37 4713 =AU C:HO - - 007 - - - - - -
38 4709 JRTNEEIE AR C¢H,,0 - - - 010 - - - 019 -
Bk 39 7.578 BRI G2~ EE 2R CHGNOPS - - - 005 - - - -
40 3.572 IR IR C,Hs0, - - - - - - 093 - -
41 21351 1,328 1 B R H R Ci3H,603 - - - - - - 016 - -
'y} 21349 4-CRH AL 22K RS R Te CaoH3ClO, - - - - - - - 017 -
43 14.979 PR g GH,O, - - - - - - - - 095
44 16.160 2-HIET R CsH,00, - - - - - - - - 1073
R 45 15.640 SR CsH,00, - - - - - - - - 930
46 3.574 DIL-ZE R C6H,;sNO - - - - - - - - 008
47 25.161 IRFF s CH;NS 087 074 068 101 1.88 141 138 178 0.10
48 26.574 7S CHoN 6633 - 5417 6176 -  0.16 - - -
49 7433 2-LARHE C,H,NO - 1448 - - - - - - -
50 7.569 R THE C;HN - 342 - - 116 - - - 666
51 2.826 AR b C,HN, - - 017 - - - 034 - -
52 16.554 2,5- - F S CsHgN, - - 004 - 029 - - - -
53 3.009 K CH;N; - - - - 038 - 051 - -
54 7.584 IR T e CsHyo - - - - 061 - - - -
55 18.820 A5 C,H3N; - - - - 017 - - 016 -
- 56 21.667 2,6- L FENLIR CgHoN, - - - - - 004 - - -
}ﬂz 57 21.936 AR C;H;0, - - - - - 234 - - -
% _ 8 3.680 2-F A FE N CH:0 - - - - - - 005 - -
59 10.199 1,2- I 2 b C,H:O - - - - - - 076 - -
60 19.528 2,3,5-—HIJLng C;HioN, - - - - - - 143 162 -
61 20.457 XI5k CiH1,0, - - - - - - 035 - -
62 26557 [FIE=875: e CsHN - - - - - - 028 - -
63 14.364 SR CHeN, - - - - - - - 012 -
64 21.845 JIEgE CsHpN, - - - - - - - 031 -
65 7.421 TR CsH 404 - - - - - - - - 050
66 10.417 13- 50K C3H,0, - - - - - - - - 003
67 15.329 2,5- KR CHO - - - - - - - - 010
68 15.493 NG C,H;NO - - - - - - - - 004

E: -RR I BRI 2]
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3 % i

ABEFEPIE 1 9 RREEREIIZRINH R AT R R mm i,
RENSAE pH 2.0~11.0 FRERBINA K, HFRATRREER M 2 1 ik
120 g/L, 33X —HE A HAR R v o A v HA E R A
{8, W AP IE R B e DU RE P2 BRARTT ER AE
H7.0%, KEEEEIREER: W8 THERAE SN 11.0%, 7 FF IR
AR, AR AR A MRS BRI FIREZRIY B
Xt BRZL 2 o KA Ry OB PR (R =, R 5 R
A HLER ANER 4y, ELEEHER S X R B A5 e, A X
S ER T P B AL B R R, AT LUK R A MR TN 2 B
AL R YR, AOUED TG YL, WRT T RS
PR, 0532 0 T PR A T R AR Oy T R A, TR
SRR PS-5 H1 CZ-3, RRUSTZEM R pH (2.0~11.0)F0 =k 4514
T EABEIIREE 120 g/L)EK, XN TR B A LR 3R 4
T

i Tk 2 — 25 e 5 4 AL TR 10 R N i 2E L 7, L
1 HA B AL A A R0 % R B, Rk
P5-5 MIBBALEEEG e, 5% 71.45 UmL, S5C6WF5EAHE
b, BAR PS-5 (WERALERE 1 T AT Ak, FREHHAEERR
B O A BE R R EER PR I B 2R K
YRS, TEHREREE YN SRR OBRS, X
) IR T A R ARG AT, i PR A
B HERRTE KT Z B A T AR, SRS & L2 kT
WR BT THIRP R OTE . LR OB . IR TR B-
HRWE 4 FhERIY T O, AR R AR S SR
RS KT . PR, PR PS-5 L FII R R A I
K, SAETE-FEE TR, ARz 68 #hig
BAERSY, WhEE TS, MR RS, M. mA2E. BRZE.
FRISFILME LAY . o, BRLEY R B MA™
Yy, HAFERESURE, X RIS YR A B R
FRAAWFS TR, AN, BB S Yt
WA BTk, WK R EA B ER, KPEA
AHCER, HAAES—LFE TAHBENESZK. Wk
P5-5 REERPRGINENR) 29 FhELVERSY, 1 Rk
FEFHEOE TR AT REE . W IR R R AL VE R, AT LA
K A DR SR A BRI P, ATTB i 1
BB AR BEAh, PR ALREE ol LU T =08 & e
AR, dE— PR EE R SR, U0 Novozymd3s J&
— PR A [ AR AR 2 B LR I B, HAF =
AL A TR 2T . FLRR B AT R 2 Fg i35 B4 301,

4 % B

AHFFENEK N B FEEE T 9 MRHA R REE 1k
AOTEIER, MBI RRISZF AT I . PEIRE AR AT . DU
ZEHOATER . TR I B A I AR B . X SR TR R R B R

TP TR R AR PEGE . R ALEEIS J e W, bR PS-5 AOBES
PEf i (71.45 U/mL). 33 SO (63 - TSk o pr, & B
WS 68 R A MER Y, FEWEE . WS, MEJS. M
WG, B MR KAMESY), HAERIL A Y TRk
T EBRRRFIE . A EK I R E AR AL T Fe AR
AT AR AR EE 50 T # K P o 24
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