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Enzyme production capacity of Brevibacillus brevis in post-fermented tea and
its enzyme activity in the process of pile-fermentation
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ABSTRACT: Objective To investigate the enzyme-producing characteristics of Brevibacillus brevis (Br. brevis)
from post-fermented tea and reveal its effect on the quality formation of post-fermented tea. Methods The whole
genome of Br. brevis was sequenced and the key enzymes were predicted. Combined with the predicted results, the
ability to produce enzyme, enzymatic activities and the dynamic change of tea quality components were analyzed
during pure culture and inoculation of tea. Results The sequencing results showed that the most annotated genes
were glycoside hydrolase and glycosyltransferase, which accounted for 39.22% and 33.33% respectively. In the
process of pure culture and participation in tea pile-fermentation. Br. brevis had the ability to produce protease,

amylase, pectinase, cellulase, peroxidase and polyphenol oxidase. The activities of protease, amylase and pectinase
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were stronger, and the highest activity of protease was 550.91 U/mL under pure culture condition. The activity of Br.

brevis cellulase was increased by 691.02% when cultured on tea substrate. In the process of tea pile-fermentation

with the participation of Br. brevis, tea polyphenols, catechins, amino acids and flavonoids showed a decreasing

trend, the maximum decrease of tea polyphenols was 80.61%, and the content of caffeine was significantly increase,

with the maximum increase of 56.15%. The results of correlation analysis showed that the cellulase produced by Br.

brevis during pile-fermentation process had a significant positive correlation with the changes of tea quality

components. Conclusion During pile-fermentation process of the post-fermented tea, Br. brevis can secrete a

variety of extracellular enzymes, which can affect the changes of physical and chemical components of

post-fermented tea through enzymatic action.

KEY WORDS: Brevibacillus brevis; post-fermented tea; genome sequencing; enzyme activity; physicochemical components

0 35

Ja R, MWEBE, FEAmEEHELE. Wiied
file . WIREAREE 2 . RGN ERSS, DUHMRRI RAL & B
JE T ISR XU T S AR T R IR 2 I T i B . R R
ARUNBPRLZ R BE A RO, 20l /T . R RHERT
PRAE T2, e R HE R T R TS i BT ) DG
TP A W e VR HE TP R A% 40 0 22 R i MY, 3 i
TEfE R R Z WY AL | G . 8 A BRI 3 |
R fige, B K AL & W B IH FE R0 43 i O 3 0% ™ ) 22 ) 1 2R
G WEFE RN R, RETE UG KB R 5
LM . A RRBESE R A R

J5 R WA IR A I el R P U R R T2 AN N
HUCREAE, BER PP, 5 KBS 0 A RS A RK
SCEC TR A 2R 0 G (R o R 2R F A T s 45, L
SRR B R oA R AR M AR A D A M T gk
JRAEHEETF Tlumina 15538 5005 4007 & BT A 20 VR HE o) 7
TN R T, 2T R 0 T R S SR M R Y
PEFTE, JFHEN 2 e S KB IR i A b A i
B FH o A T AN o o T 4 U M A I R A T 4 T i
R IR AURT T A B 2T IR RE 0 )7 A ST L R G L SN i
PP XT3 S O o WK AT A T A S A
FUHIPARIE v, R B bR BAT 7 AR 2 RG22 Rk K Ak
GV o ABTHATERTIAMOIF T, WG ZEEE I8
B ZFh 25 AT R R AN T, b 0 2 U 1T (Brevibacillus
brevis, Br. brevis) i MEFEE R A 77 Az B EA BRI HI1E
FHM, T 56 T 2T A 00 7 R R X I 2 TR VR
TR I o JB 32 AR 8 S i R DL AR

A ST LA 2K 1 25 R 0 5 ) L R 2 AT 7R O S
X4, kX R R AT T AT A R R R | Al SR,
3 ST G347 - BERE J1; K R AT T e 2
S5 )5 KRR IR, 3BT AR5 R IR 0% HE 1oL R 1147
BTG, 255 08 ME A A vh o i BLE R0 1 Bh A2 AL,
5 7R S AR TR AEJ5 R IS T M ol R 2 A AL A )

il

H5 R KBS O B ARG R, BRI K IR IR
HESRROC BB D) I RE R PP 5 )R K R IR T HOR Y
RIS S

1 #MR57H%

1.1 RS

PR LR 25 AT 1 (Br. brevis) ARSI B R KA
B L AR IR ORAE . ARITHIEDRCN IS B AL, SR A WL
TSR ABRFI A — 25 1. N0, KR . s, Wl
TR AL, P AR FE A A BR A wl# 4t

FEAREN (A 99%, bt REFRHEAMWAH), R
I LM BER . =S . RIREN . FUAAREN . R LT
BN B FRER (b al, 2R b AR A B F)
1.2 UFE5E%

AB204-N B T RECREE 0.001 g, WRMURS A
FRAF]); TGL-16 &2 E 3 R & DAL LA TR 38 A B
7\ w]); HH-6 % REEC TE IR K VA By (B AR (A i A A PR
3 nl); YMMD-65 57 30T 17815 K i o (L1 = F Ry
ABRAF]); CHA-S IR E IR 7% (N 435 R A AT
FRZHD); UV-4800 2240AT LA 0B TTHOU R ve B
AR F]); DHG-903385 HLHVEIR T 0L . SPX-80BSH 4
A 15 R0 (0T B Y7 #8345 B \D); SW-CJ-2FD
ARG RN LR AR A BRA ).

13 WA
13.1 HaFEEERES

2T IM—20°CA HARTER) Br. Brevis 4liFtk, 76 LB
B AR R E AR ERIZR, 37°CHES: 48 h, PRI R S HFD
F LB WA FR 5L, 37°C, 180 r/min 45 FHEFE 72 h,
WAL BB T e s i,

132 BtAARANAF

BUE 5L I5 Ak A9 T 0% 27 D1 g R PR WO SR 4

FLRIZHM 7, 3 F Nanopore = AR 73 & A0 AR 5



80 B il 2 A iR A I A 4

F 145

HFHARN- 5528, A prokka . Prodigal %445 2H %% J A% 3k (K]
AT SRS FE R T, R Aragorn il tRNA .RNAmmer
M rRNA . Infernal Fiill] rRNA. miscRNA, & FHillH
BRI R TN LIS IF 58 20 R . B TS ) Ay B
HF%15 COG. KEGG. Uniprot, Refseq 2 Z1HEHUH 2 i
BLAST EeXF43#r, 7520 5EH DhRe i g o
1.3.3 42433 J04T @ 4h3e JR X Bk P 09 7 B4

YT A 1% 0 o 2 AT TR B R P F LB MR B 77 0
i, 37°C, 180 r/min FEIREEFE 1, 2. 3. 4 F15 d 5 4-AfHE]
BE, 23 BIEUA BT, 8000 r/min 5.0 30 min, B FIEB 51
I RSB TR AR P B B . TEREE . YRR, o
ALY . RICEE LA I 2 W A AL 6 Fh AR W EEE 1

TG 7730 5 T 9 R P T S 2 R S L = 4
T (trichloroacetic acid solution, TCA)¥:, 5 IS
FE AE 40°C2A4 T, 1 mL B 1 min /- B8 =46 1 pg
B RN — WG S RAL (), TERYEG . PR R . R
Wk A 3,5- 243K %2 (DNS reagent, DNS)ZAi
FE R MR i JE R RS ) SR 40°C A4 T, 1 mL
TETR 1 i A Ak P V 1 E A B 1 mg 48 260 0 9T 75 D )
F— A BEE BL(O) S Y E RS 1 XAE 50°C4
4, 1 mL B 1 min 2R B IEAF 4904 5 | mg 45
JIT T £F 4l 3 Wl R — B PR (U)X
TE 50°C AT, 1 mL B 1 min ZMF R 728 1 ng EFLHE
T 1 Ry — AN WG 1 2060 (0) ), Z I AL S B 2 M 2
Ik, ZBEALEERETS /1 E X 1 mL B LE 1 min S
WG AL 0.001 22 K 1 ANEE T3 B0 (U); 2 Ak
S THESE" . THEMHE ke, S8k
it it 3 3 7 UFE 35°C&F R, 1 mL BB ARS8 0.1
AW JE iR B
1.3.4 4242 % AT B BAARER T LB T o) = Badh 14

S K BERSRE B 4 T B TR B B A
# 250 g, INAIERATCIRKG 121°CKIA 30 min, BHI%
FAC, FEICRAME R, B 2 E AT iR T LB AR
1, 29°C 180 r/min FEREEFE 72 h, L) 8000 r/min $+E il £ (T
VL 15 min, WOEERE, K RARFEZE 1x10° CFU/mL (45
BE, 1S EER T B K E WA, R K A F
65% LA BT . TEIRFMT A ARELEE 3. 6. 9. 12
MAS dJF, HETIRE, KRGS W-1~W-5, DLRZER
KIS A AT, 45 W-0, WI5E 6 WILARFHG
F1LL RS SR TR AR SR AG

TFRAR B 1SR Z B R AL . TEREFS % SUN
SN kA TR B 1 E AR I E T 5% GAA
RO R EEAE S BARGEPIk RK
it} 52 8 EH I ik HARGTR . FRELE V8 HE & B2kt
1.5g, MA 03 g ROIGHIELEMR . 0.2 g A %b LI B T
BRI, VK EFEBHER A, AT I (128 il e 7%

£ 10mL, T 4°CTF#E 12h, Buh, 7 4°CLA 8000 r/min 4%
PR 15 min, B GERI0E 20 TR S T, B TS
M2 i 1.3.3, oo 20 B S A0 TR 493 TG 2 0 )
pH 4 5.6 WP 0PI, T S ALY BEE I 2 R pH
Jg 7.0 POFBERRGE MR, £T 4k 2 RN TS TS 1 I < )
pH A 5.0 BURFERRGE MR, LI I PR I ) v B oy
0.15 mol/L #J NaCl Z& M o
1.3.5 FAFIAC R AW
ILKEFRBEFRER L O®RD), XE2maEs
I GB/T 8313—2018 (ZxM AR Z B 5 ILA RIS & 21k
M7k ) Ui Z IR & i E 5% GB/T 8314—2013( 4%
i B A R R B R I E ) W MR & B S B GB/T
8312—2013 ASMIMERIIN & ) 5 B & il R =k
ke,

1.4 BB

COG. KEGG RS 554 5C B ] Graphad 8
YER, BALRA S W Aok A6 & Y0l B A A Excel 2022
VR, R 1 RO AL B A A DG 20 - Origin 2022
Correlation Plot [ Pearson J5 1221 . FIF ¢ #5536 % Fir A5 %%
PEVEAT G Ab L, S R4S R L S (AR v R 22 R .
P<0.05 BN BB G238 X, Hrr*: P<0.05, F/RFAA4E
BEMEE R, ** P<001, XREBFMEEFIE,
P<0.001, R E 1S

2 HFR55H

2.1 FEEEFFRATEMEREEREMINGES A
2.1.1 COG =B

COG 2 Xf JE PR =Wy AT B2 AR 43 JS Bl 7, %
T L K ) 751 5 Unigene %088 ZESEAT X6 HE, AT 500
gene FJREMTNAEIF X AN RE /> G0 1T, SR BIR: Kk
R AL 26 25 3617 AN FEHAREI T COG H &%, (H3EH
BB 81.79%; TN FEINReM B R ZE, A 358 1,
PR RLI Y 9.89%; HKIRE LIRS ISR . FE SEFniR
KAGE PRI, 435110 348 4>, 318 4~F1 293 1,
SR ERIEIN 1Y 9.62% . 8.79%F1 8.10%(1&] 1).
2.1.2 KEGG EZBa#

KEGG & F G053 #1 5 R ™ W 6 40 i v v A i 42 LA
R Se B R = U RE A F2 2L IR 2, R KEGG LAk
— B IRF IR EA Y FINE 34470 o Zat KEGG TR
Mr, A 2418 MERFEMRE TER, A ERBIERE D
32.89% ANl 2 iR, AREHEE S — BRI 5 a2,
R R R 2, T RE Y 75.55%. TEAS
ZRGh, BT RS ERIEA 722 M, 5
KA A P ARG B AR D P BRI R e 2o 244 A4S, (i
PAFEREFENAT 10.09%, 238 5 T HARSE K, X—2



WA, A5 A IR Hh R 2 AR 7 R g B LA 2 Tl S i R S 2 0 A 81

COGZ3H|

I C: fBmA N G508, D: ARM R B . A0S 2R e A )
2B BIEMEE N Fr IR i AR G oKL & FE
B He SRS a 0 T RBNifea g I BHIE, MRS
FIRAEYGRG Ko st L S, EAFER; M: A1 BE /5 /9%
BRI B N IIiE 3h; O: B R B, & A i & mfe
HH; P BHLE TSR Q AR A &K, FE M
W R FEINREWI; S: RATNEE; T: F 5L FHLH; U lHNEE
18 B HEVINEIE Ve SREPLE W JEANE R Y IR A Z:
AL
B 1 Br. brevis FLH ) COG 5 2k

Fig.1 COG annotation and classification of Br. Brevis
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Fig.4 Enzyme activity of microbial culture medium at different culture stages (n=3)
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Fig.6 Analysis of the correlation between the enzyme activities of Br. brevis and the changes of tea contents in the process of tea pile-fermentation
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