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# EHARAMKFLIRRTEES KL HE @A ANY R, AT ARERTTAXNMEKR (Flow cytometry,
FCM) f 1 8 20 B 31 289 ST AT WO B AR B R A AR R 4T b4k, B A Al FCM AR 22 T ot 40 & *F 38 K R BA B
(Flavonifractor plautii) « EiB4AFHE (Bacteroides vulgatus) « BRIVXAFH (Bifidobacterium pseudolongum) #=
RIAFE (Lactobacillus murinus) 38588 % "R, 4R &M, FCM T RIAM E@mE Ao A mEA 49 B 8480, FCM FH
AL R B AR R TR R A E AR Z A ;Lfﬁdz%éfa X (>0.8, P<0.001) , 12 FCM &M% 2 &, #
MER AT AFI. 100 ng/mL &=t & 5T & B B 48 # Flavonifractor plautii #9378 (P<0.01) , # 300 F=
500 pug/mL &9 °t 2k & 7T 4% 2 2 39 %] Flavonifractor plautii 893478 (P<0.001) ; 100 pg/mL &9 °+ 4 & 7T R 8 F 2 4
Bacteroides vulgatus #9338 75 (P<0.001) , # 300 #= 500 pg/mL &)=+ %k & T AR 2 F 4 Bacteroides vulgatus 4938 54
(P<0.001 ) 5 vt E T MR F 0 H Bifidobacterium pseudolongum #9378 (P<0.001) , ELiR B A% 3 40 H) 4 A A&
e & TR R E AL Lactobacillus murinus 49¥78 (P<0.001) , HIKEARZLEAE AAEZR, KT H E M
A"‘]’ FE S HE A A KGR T T2 IR,
KR AKX A, R A Ak, vtk &, i i, 3554
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Effect of Chlorophyll on the Proliferation of Intestinal
Bacteria Based on Flow Cytometry Method

ZHENG Hongli', WANG Xiao', DU Mengxuan®, LIU Chang”’, ZHANG Yan"’

(1.College of Food Science and Nutritional Engineering, China Agricultural University,
National Engineering Research Centre for Fruit and Vegetable Processing, Beijing 100083 ;
2.Institute of Microbiology, Chinese Academy of Sciences, State Key Laboratory of Microbial Resources, Beijing 100101)

Abstract: In order to explore the effect of chlorophyll on the proliferation of specific intestinal bacteria at the bacterial
species level, this study firstly explored the feasibility of flow cytometry (FCM) to count intestinal bacteria and compared it
with the dilution plating method. Then, the effects of chlorophyll on the proliferation of Flavonifractor plautii, Bacteroides
vulgatus, Bifidobacterium pseudolongum and Lactobacillus murinus were investigated by FCM. The results showed that
FCM could detect live bacteria and dead bacteria at the same time. There was a good correlation between the count of live
bacteria by FCM and the number of live bacteria determined by the dilution coating method (+>0.8, P<0.001). However,

detection efficiency of FCM was higher, and the detection results were closer to the real value. 100 pg/mL chlorophyll

i EEE: 2021-12-28

HEEWME: BRaAMFA4E (32072233)

BB/ : #ed] (1996-) , 4, LA A, B 7 @1 ik L5 &k, E-mail: zhenghongli5 10@163.com,

*EEEE: k& (1977-) , %, W, 2%, AR F % K3k L5 5%, E-mail: zhangyan348@163.com,
x5 (1986—) , %, Wk, SIAF R, #F5C 7 1: il i A 4%, E-mail: liuc@im.ac.cn,


https://doi.org/10.13386/j.issn1002-0306.2021120296
https://doi.org/10.13386/j.issn1002-0306.2021120296
mailto:zhenghongli510@163.com

%435 % 22

FRELH , . FET I AN AR S SR F X i A G T A 2 - 297 -

highly significantly promoted the proliferation of Flavonifractor plautii (P<0.01), while 300 and 500 pg/mL chlorophyll

extremely significantly inhibited the proliferation of Flavonifractor plautii (P<0.001). 100 pg/mL chlorophyll extremely

significantly promoted the proliferation of Bacteroides vulgatus (P<0.001), while 300 and 500 pg/mL chlorophyll extre-

mely significantly inhibited the proliferation of Bacteroides vulgatus (P<0.001). Chlorophyll could extremely significantly

inhibit the proliferation of Bifidobacterium pseudolongum (P<0.001), and the higher the concentration was, the stronger the

inhibitory effect was. Chlorophyll could extremely significantly promote the proliferation of Lactobacillus murinus

(P<0.001), and the higher the concentration was, the stronger the promoting effect was. This study would provide important

theoretical data for elucidating the effect of dietary chlorophyll on the growth of gut microbiota.

Key words: flow cytometry; dilution plating method; chlorophyll; intestinal bacteria; proliferation
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ELEH LG, 296 95% ISR SIAGET, 5
Ji 38 BEREAE B AR

TRBZH AT AT 9T 2 0, M4 R T A S g iE
ARG SR IR E T 0/ N BB, W3 B/
FR 7 38 P AT B JE ( Bacteroides) . XU AT B &
(Bifidobacterium ) F1Bn] v % Q5 J& (Akkermansia) 1
FEXT R, [T 2 R EZLERE 8 (Lactococcus ) Fll
FUATF B @ (Lactobacillus ) WIABXTERBECC, [ BH 2%
A FHIEERCE SRR E S SO L], FE
ERAFRIT 238 28 XA B AR Y2 i), (L] YA RTAE G
USRS IRAEE AR . S ULFERT, Liu 887 /N
Ji8 Hh 4y B AR 2 244 BRIGIE AN, S FST rt SR 3 Xt
R I IE A RS AR SR AL TR A Rk . BT
BIHATHSTAS S, A5 AN R BRI Hh e 1A 8- 5
JRE Sl AR S A BEARBEA T T ARG NSRS

BN T8 2N B PSR G, X G IR AR
AR . FER IR BRI AT SPAR A T TE B 5
BRI, 23t 7~15 d IESRIE, YFERmiE
HEE A RN — HATBA I U N . RS
B TR v QN n] S 901 18 21 BRI IR SSORS N S — K
Mo B, BAETEFKOT RGN SR X R I iE 4l
T IS FE S, ) W B SR 3 s e IR L, 7R
FIFRE|—FMEEE . %L PIRRINARS M= T B E A0 B
BRI 75

AN (Flow cytometry, FCM) J&—Fh ] 52
FULZH A sl 2 DA BRSS9 TR R, FER 4 H B S 1k
=™ HET, ORS00 L0 T AT T ERT A
SEBOR T ARSI . AE RS0, FCM & S EXT
PR LI Bt A 2 T R P R N v
PR A A8 Tl B Ay DR A . E AT, b ARA W]
FH FCM Kl L B 552 04 i i AH T -

ASHIFTE LLER T ARSI IR v 2 D B B (Flavo-
nifractor plautii) B FCM 115805 86 B A A vk i1
B, IHIET FCM WFSE T SR E X RIE T/ NG IE
A DG A 2 B BT | 35538 AU 1 (Bacteroides vulgatus) |
8 & XU FT- B ( Bifidobacterium pseudolongum ) Fl R,
FLAF A (Lactobacillus murinus) B4 5E A 5200, A ¥ BH

B - B8 - B AELRI AL T A R BT T
AIELE R o
1 HRSES
1.1 #HRIS{LER
SESTEER Y53BT ob/ob /INEE BN A,

PR T H ] M 38 T A= 4 T A O A B 0 (China
General Microbiological Culture Collection Center,
CGMCC), N3 1 i, HEE (SR 92.11%,
Hp 42 a F 70.99%, M43 b A 21.12%M')
F s 95% LlE  srtfral, FE25ER LA GRA TR
i LR GAM Wz T B AR HEORA BRA F;
B AW AT m A YRR BRAS H s Bele ks

JbntBa i R E YRS RS F]; LIVE/DEAD
BacLightTM ikFH&  3£E Thermo Fisher Scientific 2y
i

x 1 LRERAK

Table 1 Names of the test strains

553 Bk CGMCCIA# 5
1 Flavonifractor plautii D16-29" 1.31275
2 Bacteroides vulgatus D2-Ch2-95 1.31095
3 Bifidobacterium pseudolongum 22-20 1.31005
4 Lactobacillus murinus C-30 1.31225

SpectraMax iD5 #IfifR{Y  3E Molecular De-
vices 2Nl Q23XD-2 K v =@ S HrYT
ZEAL T PR BNNE) 5 Coylabotatory IR 4 F&
6 2EE COY 2\ Hl; FACSCanto 1T 537 =0 40 g 3

Z£ [E| Becton-Dickinson FEJ7#+iAa FR2YF] o

1.2 KWHE

1.2.1 FFR3EpymchHl GAM RE3EdLZ g Liu 257 i1y
IR THCH] . MRARIEFRELALH]: IR GAM N
60 g. L2 eaie 0.5 g A&l 0.5 g, (A% 0.3 g. 44
SERIMLIER 5 mL . BEEE W 100 mL. JJKH 1 mL,
ZEIKELEZE 1000 mL, ¥4 pH N 7.2+0.1(25 °C),
AP A 10 mL JRAAY, 115 °C KB 25 min; [F{AR;
FRILAC ] M GAM B 60 g. PR 0.5 g ¥F
AR 0.5 g. (AR 0.3 g, FEERINLIE 5 mL., B
J8 H W 100 mL., 25K 354500 0.5 g £F4E 8% 0.5 g
MFH0E 0.5 g HERHE 0.5 g FFLHE 0.5 g 5% 0.5 g.
E AR 0.5 g, S 2FMBE 0.5 g BRER SN 2 g. Jo/K
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ZWREN 2.46 g. JIRT 1 mL. 38 10 g, f)a HZEE
IKEZASE 1000 mL, % pH & 7.2+0.1(25 °C), 115 C
KB 25 min,
1.2.2 Flavonifractor plautii WE53%  FFTEEZE A
BrEEY) GAM WA KL IR B b, Al Ho S 229 5 4351
& 100, 300, 500 ug/mL; T J& ¥ Flavonifiactor
plautii L 2% BUREFP IR A S A S R Ay 3R,
37 C IR EREEW (24 h) o DAASINH-43 28 S X B
ZH, MR AN 100, 300, 500 pg/mL AYZHAR IR
RE SRR L | e P 2 AN v v i 2
1.2.3 Flavonifractor plautii B = 40 i R (FCM)
AR
1.2.3.1 FESLl 4 B 1 mL Flavonifractor plautii
W, 10000 g B5.0> 2 min DASCEE AL, BHiTiE 5
#TF 1 mL 0.85% NaClF W, Z 1R H 30 min,
10000 g &5.0> 2 min, F 0.85% NaCl ¥ PeEITHE LA
[55s2= o a4, YR 10000 g 8500 2 min, Bk
WARDITETREET 1 mL 0.85% NaCl W b, H457%
PRELTFUR, 5 FH; S5 H 1 mL B, 10000 g B5.0> 2 min
LA S A dm i, B vl A F 1 mL 70% SN
B0, A T 2B R 50 PR VRIS AR ], IS B A
TR, 5 FH o BN YL W E S BT A TR AR YOI A
0.85% NaCl %% 977 uL. 3.34 mmol/LSYTO9 1.5 uL .
30 mmol/L PI 1.5 pL 4HEEIFK 10 pL FIHERETT
W10 pL, FEATIRA, iR FEEMEE 15 mint', 4
AR T T B0 HEAS: e S 2 (TG TR A TR IR
N2 03 BE TR TR, 5 R il Y (R ) A A R — 3K,
2 rIG AL IR IR T, — 63U A SYTO 9, 55 —143
A PL, S3Ha FhRE S A BAEUS  1000 pL, DA
(E AT E
1.2.3.2 NFRVHER S S ArmifA . M mff e
HAF T REEX BN TAT T o ANWriEAE e T SN2
FORME, (AN PR BRI R AR Y57 T8 . A2l brdith
A4y A ] X3, [RIASHE 76 PR AT A B T X I BEAS AR 411X
SYFFUS SO E . YRR 10 pl; YEREEEE 1.0 ul/s;
events K& B A A 30000 -5 HL R A{H : #if 7 fA FSC
170V, M ffi SSC 340 V., LR (AT 280 V., LI {075
It 280 V.
1.2.3.3 AHRELSEGTE ORbRHES TR RS 100 £5 )5,
BEREEA 1.0x10° A~/mL, B 1 4808 ERkFIR 10° mL.
AR PE AN B X 38115 5 %X (events in bacteria region ) Fll
IAERIX 815 5% (events in bead region), A] 45 1 45
10°° mL A4S, AU T
_ BxD
MxV
o C FoRGUEE S EL, T~/mL; B 3R 4P X 35

ES %0 D TR BEAEEL 1005 M 3RS THERIX
WESEG V R HEB0ERIAF 107°, mL.
1.2.4 Flavonifiactor plautii WIFG RGN EHE 4L

53 B 1 mL Flavonifiactor plautii W (5 iR

A MIA T FH B AR TR)) . FHIC B B IR 92 b A
PEATABEERRE . FEHL 107, 107°, 1077 =R REBREE,
S 100 pL M IRAT T GAM [EAR;FRAE FU9,
BT 37 C PREFEFRFE T EETE 36 h, WiFRFRE AR
TRE N 50%, & {H <300 ppm. EHUE S ETE 30~
300 PG TR, B8 CFU/mMLEY, Frr#
YESTE IR A FEF H AT, KRR EE y 85%N,.
5%CO,. 10%H,,
1.2.5 Flavonifractor plautii ) FCM 75 B T30 5 #i
RERAT ARG TR LA ¥ FCM JUAS 9 3 2
B RRARELRAT PRSI H 135 TR EGHA T LUAE, JTA1
JH Bz IR #AH S 53 AT PR A 7 125045 AR AR s == [a]
AAHSCRREE
1.2.6 FREMBERRIGEEFE X FCM Kl REnfag 2 inA
B GAM WA FREE I, A2 FR vk 2 43501 hy
100, 300. 500 pg/mL, 1M /543 3 Bacteroides vulg-
atus . Bifidobacterium pseudolongum F Lactobacillus
murinus UL 2% MR R A S A MR REFR AL
1,37 C EFRRREN .. —HRIBIEHE T FCM K
M5 _3R Flavonifiactor plautii #HIF] .
1.3 HiEaE

A SIS E AL 3 UK. SR SPSS 20.0 #EAT %
Geit o, 4 RFOR AV IEEARHEZE . SR T A5
P2 ()RR T k3 P 28 S i, AR B2 PR R
HAN U E L G X AL, *R"RREF B FH
(P<0.05); **FoR 225 =2 5 (P<0.01); *** IR 2%
SR 3 (P<0.001) o fdiH] Flow Jo 10 4B 40
JfLE, Origin 9.0 #HATLE
2 BERE5SH
2.1 FCM iHEISHRERTAUETTEILLER

LL Flavonifractor plautii %), W FCM 6
T RSN SR Flavonifiactor plautii W4T EL, 153
a1 PSR IE o 435 LA B TSR TR L
Xif HEAE A 0t B, A2 FSC/SSC B3N B Hhf s 40 B A3
BRSS9 PE X WO Y . A&l 1a i PICAE )
AN TR X3, P2 A B D PEOOR i e DX dels 422
RS A TR TR X B, #E— 2P AE FITC/PerCP-Cy5-
5 DGR A R I T FNSE B 430 T AE X OO Y, 4
&l 1b H P3CR D SR i B I 7E X Ak, P4 D) A FE TR
PR X3 . GEtT 4 ps A Bk 45 A B el T g
events ZO A TS, A5 HARN AR R, X HEZH (-
LR EURE N 0 ng/mL) F, Flavonifiactor plautii J\ B
Bk 2.85%10° A~/mL, Horp &% 2.78%10° 4~/mL,
BSETR A 7.39%10° A~ /mLs IR B2 2H (236 3 vk i
& 100 ug/rnL), Flavonifractor plautii MEECH 4.01x
10° 4~/mL, H b 36 B 5, 3.93%10% A~ /mL, SE B %L
A 8.75%10° ~/mL.

SYTO 9 AJHE AN IR SEHE BTG AR N 5 DNA
4545, T PT H BEHE AN I AZ 451 A S8 R i SEAH Bl
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Fig.1 Flow cytometry to detect the bacterial count of
Flavonifractor plautii
T:: a: X BRZH FSC/SSC B sl ; b: Xf B ZH FITC/PerCP-Cys5-
536 Bl o IR BE 41 FSC/SSC HIL A & 5 d: IR ¥k B2 4
FITC/PerCP-Cy5-5 % 56I&] .

AU, P, FCM 5 SYTO 9/PT XU i it & 1
AT A St ZE RN B T o EEA9], AT S BT
1B DRSS IS A B R R B A [T ST ASE I

SR AT RIS FCM X} Flavonifiactor plautii M
BRESCR I (A 0 B, S 56 W] s R FH 28 L 9935 B T 1580
Ve —F R AT SPAR LRI 22 P ) TR TR A . FH & 2a
T, X HEZH (MR R EE S 0 pg/mL) IR EECH 1.0<

10* CFU/mL, {ILH 3 20 (2 Z ¥ B A 100 pg/mL)
AN 1.4x10° CFU/mL, 5 %) BEZH A Hb 2 25 15 hn
(P<0.05) o XF PFF 7 A5 10 3% PREGHET T 12 ZK b AH
KNS T, P AR M AL >0.8, B W35 IEAHSC
K F(P<0.001) (& 2b),

a

45}1089 o . 2 4.5%10°
aoxior | BB FRERACEbk T Ja0x108
: 2 4] . .

~ 3.5%10° 4 LA {35710 _
£ 3.0x10° 4 13.0x10° 2
= 2.5%10° | {2.5x10° &
@) N2
= 2.0x10° 42.0x10°
e * p
i 1.5%10° 4 1 4 1.5%108 &
B 10x10° 4 4 1.0x108”

5.0x107 4 | 4 5.0x107

0 4 0
0 100

. 4% 2R EE (ug/mL)

3.5%108
_3.0x10°
E
= 2.5%10°
<
& 2.0%10°
=2
F 1.5x108
"
¥ 1.0x10° . y=2.555x—4.407 (R*=0.709)

.: r=0.842, P<0.001
5.0%107

6.0%1078.0x107 1.0x 108 1.2x10° 1.4x10% 1.6x10% 1.8x 108
i BEUR A VA% (CFU/mL)
B2 G AR SRR AT PO TR
Fig.2 Counting comparison between flow cytometry and agar
plate method

TE: a: W0 A EHERS b: 10 B IR AR A AT o

P25 FCM S50 B A0 Pk 18 TR
{EBE T LU, TRCA AR IS8 E 2 R T AR B AT 1
AL PTAFEUE (E] 2a), X 5ZEA] iRGERPT i FE 45 R
FEARL . 3R BB SR o) T — L b TR AR BRI 3 B
R4R M, WA 7 J1{EAS 1] 5 5% (viable but not cultur-
able, VBNC) | 1< 218 FIORIRIR AR 04 B (4 4 it 1)
FAR R AT AR JCER X A T4, T FCM
ST RS GRS XIS 4 i FISE4H L DNA
A4y te,, PR AT A 280K H 22 A0 R AR 0 175 B 41 i 5
BEAh, P Ai BT SRR, B A AE B AR RS 5%
B PAFAYS), — D REARE A REEH — L 1Y
AR TR, IR RRLRAT PR IA T S9E PR A
H2/NFESEP), T FCM AT 3 i AR o ol s 41
T e B S die R R 7 b B 2 T 2R A o A T 4 IR A 5
mjeg201, ER] b ARSI 25 SR B 22 T LS H . FRRBRER AT TR
MG B SR 24~48 h A BBV T RIS TTHEL, XF K
TR ME A EAR SN AE K B B Al el i, H R
48 h LA iy [a] A4 Ge <t B 7%, 11 FCM 7E 30 min
P RITT S8 1 AR TR A H200R I, B S 20 0 T A i) )
ME] 5SS M . 28 BT, f ] FCM Ry M%7
iz 8 B 4 2 B A8, T B b 24 0 S 5 R, R e A
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RO, [FIRH R SE SR TR E,. F, 3ok

FIBFSE R FH FCM #R5T 4% 28 X AN [R] iz T P 1
FE IS

2.2 MHFREXNAERFEEEENR

2.2.1 MEEEXS AR SRS (Flavonifractor plautii)

WEE sz R IE 3 AT, BEE MR R W E TR,
Flavonifiractor plautii J&\. 08 UM 1% BB 2 80 5 1

T v g A, i SE B RO . 35 18 i (P<0.001) o

SYIFERZAIE DY 100 pg/mL B, i EEURZS, 15 3.93%
10° Av/mL; 24U E A 300 png/mL ML R, 6 EH
BOZHE L o X IR PR TEECH 2.78%10° ~/mL; 5
XPRZAAR L, M-SR MR EE DY 100 pg/mL B, 1% B K0
0 1.15%<10° ~/mL, M2 20U E 2 100 A1 500 pg/mL
B, T BB B> 1.33%10% 1 2.10x10° 4f~/mL, &
A2 ZE X Flavonifiactor plautii WYETERILHL “MIK
e AR ME L S BERI I AE L . Flavonifiac-
tor plautii J=—Fp 2 I BHME B, 71 S5 iE P LK
= AR, oA BEARALAR 28 5E « 5 NS e i 1

28, Mikami 8807 WFFTUERH, IR FHZRAS 0T DASE Nz
B Flavonifractor plautii W =F 1% 314 B T o 45
Fai9e; BeAh, Lin 450 W5 280, ZRE et Flavoni-
Sractor WA, B 2% TIHiEMERE . FEI, 100 pg/mL
By 2R 22 U AR U Flavonifiactor plautii 3 55 5% 1
HHTEEEIERZIES R . BT, ARE TSR IE
HNIEPER BTN Flavonifiractor plautii = KRR

4501 i C 1 MES
_ qLig R
3 360 SEEEL
< 2701
=
” sekesk gedkok
= 180+
ﬁ Joke sk sk
sl *

0 = =
0 100 300 500
MHERRIRIE (ng/mL)

Kl 3 MLRZEXT Flavonifractor plautii Y85 520
Fig.3 Effect of chlorophyll on proliferation
of Flavonifractor plautii

2.2.2 MEREEXESEIFTE (Bacteroides vulgatus )18
FEHIRZI R IE 4 ], B pEaR OB 0 T,
Bacteroides vulgatus Jo B8 EUFITE B B0 S B0 Se 18
JE v B aF, AL AR B 58 (P<0.01) o 24
M4 2593 4 100 pg/mL B, 3% B8 22, 15 3.09%
10° ~/mL; 44 2T 300 pg/mL LA B, %
BEHCZE W X IR P IR RO 1.61x10° ~/mL;
55X IR AR EE, MBS 100 pg/mLEY, TR PEEL
Wl 1.47<10° ~/mL, RSN 100 F11500 pg/mL
Bk, W6 B AU/ 1,40 1081 1.35%10° 4~/mL, %
AH -2 2K X Bacteroides vulgatusit) 1 58 1, 58 21 H
R BEARIE | U O VE R . AR HE,

Kamijo &P 85T LB, a5 33 P s 0.01% 55k
eIy v LB Bacteroides vulgatus JICM5826 T 11
FH, M7 0.05% AR AEAREASy W 24 12 Bl iy 5 48 (F ]
R 82%), Mk EHEEF 0.1% B, X IS FE 1 5E 4=
M HH AT, W R R S L A YT Ba-
cteroides vulgatus VEFAMEZZME R . AR
1B 17 18 21 R AN AT 55 R TG T8 (Blautia) W Rtk A
SHREVEA s A YA B AT BT, IR E 3 B
KB R AL 3 Bacteroides vulgatus YEFH HIHL
AR TR BT, REEBREE Y B e
AR IITE, BT 2 UE Rt e T . o,
AR T A 0 X5 g 3 4 R 00 AV FH B AR LB,
M2 TARZERALHI, HRTie KA 0 U i aF R iE .

600, 1 s
ek T
T AL
500 By SETE R
4004
b s ¢
3004 é7
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