a CSTR: 32241.14.CJAEBIology.2024.01023
GIE?F?’I%@%\%%I?;?OL DOI: 10.19675/j.cnki.1006-687x.2024.01023

http://www.cibj.com/

FEMENG, SRR, SETRGH, SERHS, BN, Bk X, TEA U, RN, VFIEZE. SERy 9ot e S PCRATII Ml by hove 2 32 it 25 IR 1 77 1 5 18 F U], RS
IR, 2025, 31 (1): 121-130

Tang SS, Zhang XJ, Chai LJ, Shi JS, Wang ST, Zhang SY, Shen CH, Lu ZM, Xu ZH. Establishment and application of real-time quantitative PCR
for detecting two Kroppenstedtia species in Daqu [J]. Chin J Appl Environ Biol, 2025, 31 (1): 121-130

KRR JEE EPCRIGN AT TN & 2/t SR 5 INE
R A5

% R
FEREATS 2, TRERIE" 2, KATIEY 2, A0, TAIES, Tk X5, A S, [EE 2
FIEES
WL D AV BOR S B S St =, A IR, 45 214122,
TR R R S S R TR, 4 214122;
SPUNIR 22 TREE 5 T REABE, JK#S 610065;
LRI RZAE A Rl S e B TR R, T8 214122,
O X [ A TR TR R AT FEHL, Y51 646000

HWE RFOwP itz K (Kroppenstedtia eburnea) %mmzi%% SRR I (K. sanguinis) J& K 40 B BE VA
FIAZ O DI RE IRl N SEELA K A X AN PRI POEAS I 5 &, K. eburnea5K. sanguinisZE DR 4L i & 15 5+
P R 22 DR SR AR T R e RS 1 @Ji:ﬁﬁfﬁlﬁ%ﬁﬂfﬂj”émﬁlﬁﬁu% > B UE BRSSO, AT
FETSEm 5t g EPCR (RT-qPCR) [ kil 7775, 45538, LAK. eburnea5K. sanguinis(®)DNAJEEEBIE 547
LB (gyrBHERD 5% 7140 B T IS IKE-P-1 5KS-P-1 B A R IF B4 Sk, P58 B i A Bk B9 518277 bp
1287 bp. M4 5IVKE-P-1F1KS-P-12 L [RT-qPCRI VERF Sttt . R iy BAER I m, 9784805543701 79101.8% 1
97.70%, HrITE L 4351°82.089-9.089 Ig(copies/uL)F11.088-9.088 Ig(copies/uL), kIhs T KiK. eburnea
5K. sanguinistkc. % vrid i & B R A SO R, sl KK, eburnea5K. sanguinis & 3R P H e n
S B AT P A T A AR A AR, 2 B 4 TR I 2 823 919,20 £ 0.11 Ig(copies/g)#19.71 + 0.22 Ig(copies/g). A5 fr e 3711
RT-qPCRITIEAI &2 Rtk el B2 P K. eburnea5K. sanguinisi#ATHi e % e fpid e 5. (4 %4 237D
SEaiE Kl 2T O B R IE; MR P iR AR IR 45 71514 RT-gPCR

Establishment and application of real-time quantitative PCR for detecting
two Kroppenstedtia species in Daqu

TANG Shengshuo"?, ZHANG Xiaojuan"*, CHAI Lijuan"?, SHI Jinsong®, WANG Songtao’, ZHANG

Suyi’, SHEN Calhong , LU Zhenming" g XU Zhenghong

"Key Laboratory of Industrial Biotechnology of Ministry of Education, School of Biotechnology, Jiangnan University, Wuxi 214122, China;
’National Engineering Research Center of Cereal Fermentation and Food Biomanufacturing, Jiangnan University, Wuxi 214122, China;
*College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, China;

*School of Life Sciences and Health Engineering, Jiangnan University, Wuxi 214122, China;

°National Engineering Research Center of Solid-State Brewing, Luzhou 646000, China

Abstract To establish a real-time quantitative PCR (RT-gPCR) method for the detection of two core functional
bacteria (Kroppenstedtia eburnea and Kroppenstedtia sanguinis) in Daqu samples, specific genes in K.
eburnea and K. sanguinis genomes were screened to design PCR sequence-specific primers. The specificity
and accuracy of the specific primers were verified by PCR using the isolated strains and samples of Daqu,
respectively. The RT-qPCR method was established to analyze the contents of K. eburnea and K. sanguinis
in different types of Daqu and samples during the fermentation process of high-temperature Daqu. The results
showed that specific primers KE-P-1 and KS-P-1 were designed for K. eburnea and K. sanguinis based on
their gyrase B subunit gene (gyrB gene), respectively, with product lengths of 277 and 287 bp. The RT-qPCR
methods established using KE-P-1 and KS-P-1 showed strong specificity, high sensitivity, and good accuracy.
The RT-gPCR quantitative standard curves for primers KE-P-1 and KS-P-1 were y = - 0.3050x + 1.12 (R°=
0.9990) and y = - 0.2960x + 10.63 (R*= 0.9998), respectively. The amplification efficiency was 101.8% and
97.70% and the detection ranges were 2.089-9.089 Ig(copies/uL) and 1.088-9.088 Ig(copies/uL), respectively.
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The methods can be applied to detect K. eburnea and K. sanguinis in high-, medium-, and low-temperature
Dagqu. A study of the high-temperature Daqu fermentation process indicated that K. eburnea and K. sanguinis
exhibited an initial increase, followed by a decrease and then an increase. At the end of fermentation, the
content of K. eburnea and K. sanguinis was 9.20 £+ 0.11 Ig (copies/g) and 9.71 + 0.22 Ig (copies/g), respectively.
In conclusion, the RT-gPCR method established in this study enabled the rapid identification and quantification

of K. eburnea and K. sanguinis in Daqu.

Keywords Daqu; Kroppenstedtia eburnea; Kroppenstedtia sanguinis; specific primer; RT-qPCR
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eburneaflK. sanguinisf & & AT IE, 25 AXTHIE N
ddH,O, HRFEFRHE 28 THE X P B 7E = K i A 1
R
112 ARSI

{# FiMicrosoft Excel 2021347 535 A B 1
Graphpad Prism 884t AT otz Bl SR FH TR 5 i3
TRV

2 FER55H

21 EHRFFMS ISV

MRS A SCHRGE , T4 R o 2 0 Bk B
A tuf 1, gyrA 7. gyrB . rpoA P, rpoB 7,
dnaK ®°\, recA ?"§116S rRNA *% it GenBank

EEX 34T, 30 B HAd ) A AH AL R AR AR 4R B DY) (K.
eburnea: gyrA. gyrB. dnaK#lirecA; K. sanguinis:
gyrA. gyrB. ropAFiidnak) J¥HI/E MR T 5 T
TEI GRD.
2.2 S|4 B ST

Wi 5145 GenBank B i 12 i i i
Z##} (Thermoactinomycetaceae) [ g #k 4
LR 4y 51 R F T Btools R it 47 B4 P C R AT 15
THE IR e AT WD PR, G5 SRR, X gyrBA
FRAR DR B I6 X6 514 (R2) BERTS B bR bk i —
PCRr™=4, 1 HAh G ¥ Redr 14 22 Mtk 500 B br s
PR BLAER g 1.

it FH 38 3 W28 o e MR VRO B 510 23 S DL H bR B
K. eburneasiK. sanguinis BATERIHR, LA Al14

%=1 Kroppenstedtia eburneaflK. sanguinisZFF%| L 345 R
Table 1 Conserved sequence alignment of Kroppenstedtia eburnea and Kroppenstedtia sanguinis

R FER A4 TR AR o FRLE GenBank# k5
Species Gene ID Similar species Similarity (P/%) GenBank accession number

tuf Staphylospora marina 82.68 CP034118.1

agyrA Polycladomyces abyssicola 7613 AP0246011

gyrB Caldalkalibacillus thermarum 70.99 CP082237.1

K. eburnea rpoA Kroppenstedt/'a pulmon/.s 81.63 CP048104.1
rpoB Kroppenstedtia pulmonis 80.93 CP048104 1

dnaK Thermoactinomyces vulgaris 76.00 CP0397101

recA Paenibacillus mucilaginosus 78.24 CP035456.1
16S rRNA  Kroppenstedtia guangzhouensis 97.59 NR_109746.1

tuf Kroppenstedtia pulmonis 82.59 CP048104 1

gyrA Polycladomyces abyssicola 74.84 AP0246011

gyrB Kroppenstedtia pulmonis 77.35 CP048104 1

K. sanguinis rpoA Kroppenstedtia pulmonis 82.48 CP048104 1
rpoB Kroppenstedtia pulmonis 79.81 CP048104 1

dnaK Staphylospora marina 75.47 CP034118.1

recA Kroppenstedtia pulmonis 80.73 CP048104 1
16S rRNA  Kroppenstedtia guangzhouensis 95.41 NR_109746 1

%<2 Kroppenstedtia eburnea’5Kroppenstedtia sanguinis4s 5 14£5140% it
Table 2 Specific primer design for Kroppenstedtia eburnea and Kroppenstedtia sanguinis

Wk Elk) Fe A4 FR NAEEIEY) FF K

Species Primer Gene ID Primer f/r Sequence (5'—3') Product length (bp)

Kobumea KEPZ  9/B (LG CCUCTCAGGTTGITGIOATT
ops are [STS AATSSCIOMTOONCCTC .
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Folt A pH P OO = R T 2 A N B PR AR 34T PCR
PHg. SRR3R, 5IYKE-P-2MKE-P-3%f H
W ERK. eburnead 55, KS-P-2XF H b # #k
K. sanguinisi ¥4 5555, KS-P-3X%IK. sanguinis’c
¥ 1, 5IYKE-P-11KS-P-14> %K. eburneatiK.
sanguinis=EFAVEY 1Y, H &G, o), X
14BAEER R T 1. K5I KE-P-1/\PCR™
B e R IR L vk 45 R AR 7R, K. eburnealit
TEPKIE FAcr i —HEKBETE300 bp/i Ay, HoAh Bk AT
TEVKIE 35 T0 2%, RFAGIYIKE-P-10RF 5 MR AT
2R, SIYIKE-P-1{IPCRM™ ¥ 41 K FE 277
bp, ST TG E R B — 8 8100%; 514KS-
P-11P CR™ ¥ B i B ek 112 . vk &5 SR an 1B R, K.
sanguinisfiT{EyKIE b 2% 51— HALJZAE300 bp/ifa,

HAm PR DK IE EIT0 %7, RN SIVIKE-P-11%;
ST, 2R, 5IIKS-P-1PCR™ #1741 K

J£ 4287 bp, S5t sl E A B 4100%.
2.3 S B AIEITEN

43y HE FH 5 YIKE-P-15KS-P-13Hi& . A =ik
HiJE K Z4IDNABE TPCRY 1, PCRy= ¥ #E47 Bt JIg b
B HIK. FIK 43 BRI KE-P-15KS-P-1X% i A
KHEE 3 8= A & B (B2, WS
KE-P-15KS-P-11] 43751 F TS 7 il (1) K et s mp
K. eburnea5K. sanguinisftjtai.
2.4 RHAEEPCRITEMNEIL
241 fREHZURISERHRENSE SHIW
KE-P-1H ) v B i) 548 D1 va B bR ifE S K T 91,228 %
10" copies/uL, H R A B 28 35 0 °F Fa
FEUEI “S” I, IEfRIh & 2P — A, C5l—
BAK KRR S (KIBA) , 3RS B kRiE f 2 A R
Ny = -0.3050x + 11.12 (R*= 0.9990) , 541K
P 1A% 5101.8% (EI3B) , 2k V46Tt Fl 92.089-

%<3 Kroppenstedtia eburnea5K. sanguinis5 |45 514 B4R
Table 3 Results of specific amplification of primers for Kroppenstedtia eburnea and Kroppenstedtia sanguinis

145 Product results

YyFi Species KEP1

KE-P-2

KE-P-3 KS-P-1 KS-P-2 KS-P-3

K. eburnea ++
K. sanguinis -
Thermoactinomyces vulgaris -
Thermoactinomyces intermedius -
Laceyella sacchari -
Laceyella tengchongensis -
Virgibacillus necropolis =
Pediococcus pentosaceus -
Bacillus sonorensis =
Bacillus methylotrophicus -
Staphylococcus saprophyticus —
Streptomyces albus -
Scopulibacillus daqui -
Oceanobacillus caeni -
Oceanobacillus sojae -

O JORAAIE, BRI, - R

“++” mean bright positive amplification; “+” mean low positive amplification; “~” mean negative amplification.

A

eburnea
sanguinis
vulgaris
intermedius
sacchari
tengchongensis
necropolis
pentosaceus
sonorensis
methylotrophicus
saprophyticus
albus
daqui
. caeni
O. sojae

]
M
K
K
T.
T.
L
L
%
P.
B
B
S
S
S
o

sanguinis
eburnea
vulgaris
intermedius
sacchari
tengchongensis
necropolis
pentosaceus
sonorensis
methylotrophicus
saprophyticus
albus
daqui
. caeni
O. sojae

_8'
M
K
K
T.
T.
L
L
V.
P
B
B
S
S
S
o

E1 5I4IKE-P-1 (A) 5KS-P-1 (B) B4 =141, M: 1 000 bp DNA marker; CK: 7% X i,
Fig. 1 Specificity evaluation of primers KE-P-1 (A) and KS-P-1 (B). M: 1 000 bp DNA marker; CK: Blank control.
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Ab M LTD MTD HTD KE ¢k
p
500— gl
W= ————————
100— =

KS ¢k

&2 5|¥IKE-P-1 (A) 5KS-P-1 (B) B9 EIEM. M: DNA marker; LTD: {5 K th; MTD: Hig K il; HTD: &=iE kh; KE:

Kroppenstedtia eburnea; KS: K. sanguinis; CK: %5 A%,

Fig. 2 Effectiveness evaluation of primers KE-P-1 (A) and KS-P-1 (B). M: DNA marker; LTD: Low-temperature Daqu;
MTD: Medium-temperature Daqu; HTD: High-temperature Daqu; KE: Kroppenstedtia eburnea; KS: Kroppenstedtia

sanguinis; CK: Blank control.
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[El3 RT-qPCRIAfRHNZ SHrERTLZE. A: KE-P-1/AfE MLk B: KE-P-14rdEfhZk; C: KS-P-1/afRHZk; D: KS-P-1#ritkih4:..
Fig. 3 Standard and melting curves of RT-qPCR. A: Melting curve of KE-P-1; B: Standard curve of KE-P-1; C: Melting

curve of KS-P-1; D: Standard curve of KS-P-1.

9.089 Ig(copies/uL); & 519KS-P-1H 17 B 1) 5
P2 UL va bR SR FE 91,224 x 10" copies/uL, H:
o0 55 6 R I PO TR T 2R 350 O T RO M I “S7 L I
fie ith 2 SO0 B — I AR g, TR S R AR AR R R
e (B30 , R1GFHIbRHEIZE vy = - 0.2960x +
10.63 (R*= 0.9998) , 514t RHE N97.70% (14
3D), ZeMEAG VL y1.088-9.088 Ig(copies/uL).
2.4.2 BEFEMIREEENE A (ddH,0)
/N Z2 B it H S 0 A () = 1 s T R A AR 2 15
FIK. eburnealt s EIHLEIT %-104% 2 1], K.
sanguinis i IR FISCR E96%-104% 2 7] (F4) .
2.5 EiRAHLEIREPRD SR FRERNESEX
o it R R T ok R R A B S R AL 4 AT
AN, R TETTG6 5 9 R P 4 R R B G, S5 2K I 4 1
M N10.45 + 0.14 Ig(copies/g) , B o 4 H S & T

RGNS NI, FEA2R G X IR IR IS, R S5 R,

&/ N10.57 + 0.18 Ig(copies/q). i kil Al it
P2 A= e 45 R 2 1, Kt v ) e 0 S i 2R A IR
HH K. eburnea5K. sanguinisi§/™YFh, 18K 8
To P A PR PR ) AEGT = B ) SR Ot 3 S R

% (E4B) , P F I H Rk Bl i K
18, 20 588.11%A120.60%, & 1% 45 o I AH o 3 7
53 N6.16%H120.15%. ff ¥ i H5IKE-P-15
KS-P-173 5l i K & B #2 K. eburnea5K.
sanguinis & BTV, 455 B8R, miE KR Bt
FEHK. eburnea5K. sanguinis; &AL A S B
SR o ARG ARAL, FE R TR R IR A R, 2R
SRS FI8.77 + 0.09 Ig(copies/g)f19.13 + 0.15
|g(copies/g), 1MifaH LB A%, H 214 dfE A
() B I aa 38 0, & BE 45 AR 5 /40 N 9.20 +
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Table 4 Recovery experience of Kroppenstedtia eburnea and Kroppenstedtia sanguinis
Ykh g N o R
Species  Origin content (n/copies g') Added content (n/copies g') Found content (n/copies g')  Recovery (r/%)
0 3.43 x 10° 3.41 x 10° + 4.67 x 10° 99.42 + 1.36
0 3.43 x 10° 3.44 x 10°+ 113 x 10° 100.29 + 3.29
0 3.43 x 10’ 3.48 x 10" + 5.96 x 10° 101.46 + 1.74
K oburnea 0 3.43 x 10° 3.45x 10° + 8.91 x 10° 100.58 + 2.60
’ 3.43 x 10° 3.43 x 10* 3.47 x 10" + 4.81 x 107 99.88 + 1.38
3.43 x 10° 3.43 x 10° 3.77 x 10° £ 1.06 x 10° 99.92 + 1.55
3.43 x 10° 3.43 x 10° 6.79 x 10° + 7.33 x 10* 98.98 + 1.07
3.43 x 10° 3.43 x 10’ 3.79 x 10" + 5.97 x 10° 100.45 + 1.58
0 3.89 x 10° 3.85 x 10°+ 1.06 x 10° 98.97 + 2.75
0 3.89 x 10* 3.91 x 10* £ 6.72 x 10° 100.51 + 1.73
0 3.89 x 10° 3.88 x 10°+ 4.17 x 10° 99.74 + 1.07
K sanauinis 0 3.89 x 10° 3.93 x 10° + 3.66 x 10* 101.03 + 0.94
- sang 3.89 x 10* 3.89 x 10° 4.29 x 10* + 5.83 x 10° 100.26 + 1.36
3.89 x 10* 3.89 x 10* 7.81 x 10* £ 2.59 x 10° 100.39 + 3.32
3.89 x 10* 3.89 x 10° 4.27 x 10° + 518 x 10° 99.79 + 1.21
3.89 x 10* 3.89 x 10° 3.96 x 10° + 3.82 x 10* 100.79 + 0.97
o 124 A 8 25 B - l
s C_T 111 S 20 ASV257 K. eburnea (99.53%)
1 ‘g 3 i 2 l = ASV275 K. eburnea (99.77%)
=S8 101 43315 = ASV1094 K. eburnea (99.77%)
w0S 9 zog = ASV238 K. eburnea (100%)
= ‘g Rs} =210 ASV185 K. sanguinis (99.77%)
£ 8 s ASV1263 K. sanguinis (99.77%)
8 2 71 & 5 = ASV358 K. sanguinis (99.77%)
0 = ASV1204 K. sanguinis (100%)
6
= *k E = e | =
WS g 3710 —o— K SOLEEPCR
wg= 8 " =3 g s RT-gPCR
© 7] i Hkk R N
2o SN s o= HITIF
5% 9 % e S Amplicon sequencing
Q-2 SO00 7
"Dq‘:,Se Se=S * P <0.05
XE2 2o 6 * P<0.01
o 8 ~ 5 ** P <0.001
0257 9 12142742 0257 912142742

H B 7]

Fermentation time (t/d)

=4

SRAHABIRARS RS ERFHRANNTEL. A

H B 7]

Fermentation time (t/d)

SRS A B B 20 A R IR R AN R AS VAR X

ARk C: Kroppenstedtia eburnea® 5178 4k; D: K. sanguinis & 117281k,

Fig. 4 Dynamics changes in bacteria and Kroppenstedtia of high-temperature Daqu during the fermentation
process. A: Changes in the content of all bacteria; B: Changes in relative abundance of different ASVs in Kroppenstedtia; C:
Changes in the content of K. eburnea; D: Changes in the content of K. sanguinis.

0.11 Ig(copies/g)#19.71 + 0.22 Ig(copies/g) (Kl4CHI
4D) .

B SRS ETLIK. eburnea5K. sanguinis
)R 0T = B B Ay B LR R B R 1 & 8 5 RT-qPCR
DA IX PR B 1) & B AT X b, 45K, X TK.
eburneall)iE &, PR 7 EEMESESE2, 5. 9,14, 27
REEEAE R E 25 (B40) , i TK. sanguinisif]

SE i, IR IERIBUEAESE 5 14RFE R A7 (L 35 22 5

(F4D) . X A7 A 25 22 R A 3R RSO B AR
BRAAER 3 FERUIR (< 5%) , BB I 4 B oA 0 == B
MBS BRI RIS R, £ ERE L
5RT-qPCRAKEINZE RAZIT. {524 FH AR RR A X =
FERBARIS, Z A A& B SRT-gPCRAT 418
AEEZER, W HIADT SRS 5 IKE-P-15
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RT-qPCR&Z X T 75 (55 M RFYEDNAY 3G ik
2 A 0 HE A S 5G JE FE AT ST I ) —Fh B R, A
B ENREE SR R, Hoe s, Jus e,
TEAEY 0T BB IR 2 W & 7 i AR
Iz B P, T RT-qP CRIKIR I 77 2 1 £
FRELET JCik X o i b R 4R B A AEZH L O DNA,
Ty RN R, IR, SRR EE (propidium
monoazide, PMA) S5 6 BUH A% R Jetel 3 5N A6 )
77 9 R LA A1) Sk AT 40 it DINA B3 15 2 453 48 R ) e 47
DNAMPCRY 1, #kii 5RT-qPCRAHI 4% & Al LASZHL
SR it o T R S A R Y. T R B
AEBIRIEAE BAE R v, X TFASE B RE S
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