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W OE: BE IR NE R ECREEE BRAG I0 AR T, DA R S0 5 R TR RS 30 T i ) R S = ] L
YR Bk EadAE . FEBT BB H 2 AT E] BT %A (matrix assisted laser desorption ionization
time of flight mass spectrometry, MALDI-TOF MS) % 5% [f] % [X (internal transcribed spacer, ITS){ S, Xf
WFFE R TR EBIAR T, Hi4% 10* CFUKES R EEIARHEI R . 216 CNAS—GL003:2008 ( fig /)
BUERE S SRR E MEPEN AR R ) SR ESRIEAT I SIS, RS R Ty 22 5 B 45 R TR . A
A -20 4. 25 B 37 °CARAFR, AT s e E TR 36 S AR AE AR S TER I . Mk A GB 4789.15—2016 ( 12
i A E AR E B ECEY AR R R EC) | SRR Y B B AR A S M. AR
CMCC98025 Z A% NN BR FCBERE TR, MERfE R 93%; MALDI-TOF MS %52 25 5 N RIS BR G e £E, 2044
A 2.012; ITS AL 5 38 [ R 5 AR 01 I8 O R P T e 4 L X, DG S P 45 SR Ay ik B HS Q8% BF (Yarrowia
lipolytica)s YIS VEMIRSE BAF & IE AT, Foos(19,20)=2.137, F=1.697 < Fo o5, T & 51K, 25 & 37 °CHh
U 7 dRRE, ARUEYD TR S R RELE 10° CFU/RE & 4 °CREAT 28 d %20 °CHif77 90 d, B 75y 10° CFU/
R, EIREIAE 91%LL 1o AARUERITINA 7 286 SRS ST TR, RGN 81.3%. 4 3 LK E )
VERRAE, AFMEY YT 2.0x10°~3.0x10* CFU/KESL . G538 ANHIF ST 45 (0 A JiG IS R I B T b v Jo 4
SV AR R . LSS AR T T E B M EAR E SR AF SR, AT TR e A R S EC R A5
KR LR B O AR R AT R B IR R EERE; bR
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ABSTRACT: Objective To prepare reference material for Yarrowia lipolytica, so as to meet the requirements of
quality control and comparison between laboratories. Methods The strains were identified by biochemical, matrix
assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF MS) and internal transcribed spacer
(ITS) site sequencing and then lyophilized to prepare reference materials with 10* CFU/sample concentration. According
to the requirements including CNAS—GL003:2008 Guide for evaluation of homogeneity and stability of proficiency

testing samples, the results were evaluated by one-way analysis of variance (ANOVA). The samples were placed at 20,
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4, 25 and 37 °C for transport stability test and storage stability test respectively. According to GB 4789.15—2016
National food safety standard-Microbiological examination-Food molds and yeasts count, the applicability of the
reference materials in real food samples was verified. Results CMCC98025 was biochemically identified as Yarrowia
lipolytica with an accuracy of 93%; The result of MALDI-TOF-MS identification was Yarrowial ipolytica with a
fraction of 2.012; The site sequencing was compared with National Center for Biotechnology Information gene bank,
and the best result was Yarrowia lipolytica. The uniformity test results accorded with the normal distribution,
Fo05(19,20)=2.137, F=1.697<F;0s5, which met the uniformity requirements. The bacteria content in the reference
material remained at 10* CF U/sample after 7 d at 25 and 37 °C; When stored at 4 °C for 28 d and -20 °C for 90 d, the
bacterial content was 10* CFU/sample, and the recoveries rates were above 91%. The reference substances could be
detected in 7 kinds of food samples, and the recoveries were 81.3%. The average concentration of the reference
materials were 2.0x10*-3.0x10* CFU/sample. Conclusion The homogeneity, stability, application verification and
collaborative calibration results of the reference materials of Yarrowia lipolytica prepared in this study meet the

requirements, and can be applied to the detection of Yarrowia lipolytica in food.
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reference material

0 35
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DU A AN R AR 28 1) BT 2 7= Ak 2R 0 AR 1 2
Py, 5 R a4 A T DO FU R R R R K
FELETR, ERRIRMIIAEE T, IR &SR AIE e & sia
TR, (R, B E e A,

A P AG B h DAE RIS A B 2 T AR, SHEM &
b DA TR RIEE A A R E R P
R . BETE BRI T Bk IR GB 4789.15—2016 { & fh %4
E R SMMEYFRY BRAEELE) #17. &
DAL BEEETR PRI IR RURT B, (HR TR BFEEE
AT E AR, 25 YRR, B BRI EZ R, XA
B 1 TR B KB R A 1SR AN), AT R LS S
at AR R T A KB LI AR R SO K B B rp S i A
B RNHERRE, TEREY TR R a . ME
YIbR e AR R B R s AR e Y, R R A
R TR LS SR B AT — b, 18 BT A i — 2 B R X e i
PR, BAT, —LesLihE DA R T E Y bR v
Wy T A, T U0 B A B e e R T )
KT VSRR v I, (H R DI B TR G 6 AR v 420 A
KIS SEARIE o AR SR ] 4 I B AT AR M) JoT f P A T
iR f# NG BB R 2B (Yarrowia lipolytica), 438 H AL R A K
AUV AR T I WA S A B T o T T oK 430 B A
%, AU B A M AT A I P AR, XA R R
FE B G IS RS, TR B B R E IR e R
BRICLASL, i Rs HI EC R B R O T B iy — R U7, Tl
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T EERT KGR, A ToE, RE R AR
fEEMEILF A,

ABFFE AN FAEACSEE | SR04 B G AR AT F 2 AT
[&] J57 3% 5 (matrix-assisted laser desorption/ionization-time of
flight mass spectrometry, MALDI-TOF MS) & % 5 [f] g X
(internal transcribed spacer, ITS)N I R 5 i Xt e NG B X
P BF T EA TR AN, 45 10 CRU/KE R BE B FR EW) IR,
A CNAS—GL003:2018 { RS Bt Af it 2 2 PE AR E 1
PR ST ). CNAS—GL29:20 10 ARUEY T /An Y 5 (K )
SEHR— s FNGETT Ik ) B ISO/TS 22117 FREKR, *F
FEGR AT S0 . RRE Tk . TR E MMEAR S M bl LA
SR FBAIE, DU A R R H R R I TAEZE Rl ek, i
— AR TG IR AL A T R e K AR ST

1 MR5RZE

L1 #R5RF
L1l & #%

AR FE BT P TR PR SR DT v R 2 R DR B B R
(National Center for Medical Culture Collections, CMCC)fif
I fR N8 B FC BB (Yarrowia lipolytica) CMCC98025, %
TR0 5 b st BRI fif 7 3 8 T
1.1.2 &K A

TR SR B M EUIE (potato dextrose agar, PDA)RE 35k
(£ BD 2Hl); 0.85%4: B K (I 25 8 A 28 A= 1 245 28 w));
0.45%4: FEL K (32 [E Carefusion 22 #]); VITEK®2 YST Bk
PR 4 E R (B BioMérieux 24 Al); a-fAE-4-FE Rk P B R
(a-cyano- 4-hydroxycinnamic acid, HCCA )3 i V& W (1 [
Bruker 23 H]); FR (AL A R EFHA R #]); DNeasy
Plant Mini Kit &%) £ (7% QIAGEN 2 #]); Qubit™ dSDNA
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BRAssay Kit(3& [ Invitrogen 24 #]); % 57 (4 FH 25
A ETFEBE); 1TS AL 7 51 49 h S A5 PR 7]
G, & BN M BE M B B UK (polyacrylamide  gel
electrophoresis, PAGE)#fifk,

IRIER R AREES 7 25, 38 20 4, SINASLF I KA
BT, AR S F. BILEC 2N 5 1k, S1eky 3 1.
e 2 14 BEAB B 1R BT 2 4 ST 2 1R

1.2 UE5E%

HETO POWER DRYLL1500 &7 4241 . Thermo 1389
W4 . ND 2000 #ZEREE 1/ BT (38 [ Thermo Fisher
Scientific 23 F); PL2002 HL - (Fiti HARR TR 228 w);
Autoflex J [T 5l By 3O i W HL 25 AT R TR] 5 R 43 (41 ]
Bruker 2\ #]); Vitek 2 Compact 4= F ShiEE M)/ 2 50 (5=
BioMérieux /A A]); Qubitl.0 B [ 1 (35 [ Invitrogen
25 Hl); HYC-940 4 A shidd: Mg et RS (FE 9E2F TUL 2
r); Digtal 4000cc Y3 i #5 (25 [E Interscience 23 )

1.3 XA
13.1 BHREZHAIA

DRRRIZ 95 B A2l K TR R R R P T PDA Bifig -4,
28 °CHiFE 44~48 h AT 5, 52 I Ja PRI B 75 PR 2k
T PDA Bl AR, 28 °CHiFF 44~48 hilf47404l, T7H.

A RTCHEMERIBGH R 7Y, BT 0.45%
A B R K e, W R & IR B B (McFarland,
MCF)=1.8~2.2 BB ¥, 8/ VITEK® 2 YST BERFH % E
R R4 H A o R T .

MALDI-TOF MS %72 PREUH 5 724 P B 75 1
i F MALDI-TOF MS #4 |, 35 1 pL 70 %H B/KE R,
FERTHARGE TG, F8% 1 L HCCA ETAR, =T
BRI TR, K SR T R ARSI A A A
MALDI Biotyper RTC, il 4{4: MALDI & T, £&:I1E
B, N, OGRS, OB 337 nm, BOLK 60 He,
RAETFEEE m/z 2000~20000, ERMEE G RAE 240 WEOE
iU E=3IIE=R=N

ITS {3 S5I)%: {8 Ff] DNeasy Plant Mini 5 & X445
WIEIE T DNA #2100, HAREEL TS I DNeasy Plant Mini
WA E BT . $REBUS#F Qubit dsDNA BR Assay Kit.,
Qubit1.0 R 1 X B AZIR IR VTSI A VR B S 4l
WISE . $2HC DNA JGHEFT ITS fr 8471, 4755 955 h:
ITS-F: 5TCCTCCGCTTATTGATATGC-3’; ITS-R: 5‘-GGA
AGTAAAAGTCGTAACAAGG-3’, §" 3= # K/ K 500~

600 bp, ¥ A Z: 10xbuffer 2.5 uL, INTP (0.05 mmol/L) 2 uL,

51#1(50 pm/pL) 0.2 pL, Taq BH5 U/mL) 0.2 pL, ddH,O #h%
25 pL MR, DNA itz 2 pL; JHEAIFNTT: 95 cCHiEME
10 min, 95 °CZEE: 30 s, 52 °CiBk 30 's, 72 °CHEAH 90 s, 35 4
PER, 72 °C 7 min, 4 °CHRAF. T B Wik AL K — I A Y
B R AT e, 550 EEEEEERAEDEE

HH.0»(National Center for Biotechnology Information, NCBI)
GenBank [W} 4T Blast HoX
132 AR es A = 4%

TG A1 A 28 81 BUAR TR 5 B SR W, TR B TR TR 4P 7
o, SRR VR TR, TRUMOR T A e sR B 3, i A
R 10* CFU/KE S AR HERI IR, —20 °CIRTE
133 ¥4 HIEEEE

FEHLHHECAR T 5 FE 0 20 i, SHRH A 1 mL 0.85%
A PRERKE R, ARSIV E, 1R 4 B 3k v g e
JNEE R G AT ESO R0k T PDA BfS AR, &FEah AT
WAl 2 BOEAR, 28 °CHE3% 44~48 h G THIS IR, S
CNAS—GL003:2018 % #H ¢ 3C 4 v 50 [/ % 5 22 40 #r
(one-way analysis of variance, ANOVA)Jy Xt HI 5] 1A
MR AT, TR FEM AT 5T
1.3.4 E#AE AR

SRR 7 do BEMLMEUR TIRRES, 0l
25 J& 37 °CREFEAE T, F 1. 3.5, 7d FHH 3 MRS,
HHFIA 1 mL 0.85%4: I KW, FMRAWMRG,
FA4 B S EYIBFEINRE RS BES0 Bk T PDA Byt
REPAR, AR IR AT 2 JOFAR, 28 °CHE R 44~48 h J5
WEATRE T, [RIRFERE B AT 5
1.3.5 4GB

SEHS TN 90 do A IFRHEY) BT T 20, 4 °CR
fF.—20 °CEEL T 7. 14,28, 60, 90 d B 453U 3 MRS, 4 °C
FERTF 10 3. 5, 7. 14, 28 d BfSHUE 3 MRS FIFAREM
EHEFIA 1 mL 0.85%4:FIE /KA, FTMRSIG, ff
F4 H sl OB EIRE R G0 BSOS Ik PDA BifiE - F-
W, FEAFERTPATERA 2 HoTAR, 28 °CHEFE 44~48 h G iF T 1A
HIHEL, TH5E-20 °C., 4 °CIRLEE T 45 B ] SRR S A B i 2T
2, DI 2 MRS R AR e M
13.6 AFER AL HARIE

BUE AT 20 14, QIR . BLE R |
HeAbdy . AEREEE S . RS PR BT 72
B BAFERBRE 2 £y, o 1 AR B
TR, 7 1 ARSI AR T SR ER T 1 A, SRS
J&, ¥%HE GB 4789.15—2016 JE13J5 LA, LABS IEARERE
P LSRR A AR
1.3.7 iRz

FEALMECA T IEARER BTRE & 30 i, R4 3 &5
WE, BAERE 10 . TRETEMELTIMA 1 mL
0.85% LI AEIEIK, ARG GB 4789.15—2016
HATJE LRI, X PR bR AT RO E A R .

2 HRED

2.1 HEHRFIA
AR5 TR b A b 6 5 25 R A i B TR PR TR B, MEAf
JE°M 93%; MALDI-TOF MS % 5%E 55 5 M@ IR S FCBEEE, 4
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A 2.012, 255 0] {5, ITS A5 P45 55 NCBI Genbank
HEAFFHI X, VORI S S0 7 A5 BB EC B £F (Yarrowia
lipolytica)(Accession number: CP061015.1; Query Cover:
95%; Ident: 100%). 25 b, A58 14 B RR B A R N
AR R
22 HEMRIEER

BEALAMEL 20 VR T/ AR HR R BE AR i i 4, 45
HIEIE N 4.8x10" CFU/BESL . 48 SPSS Giil 4T, BUEFF &
IEZIM A, |KRIEA 6.8x10* CFU/MEN,, H/ME A 3.8%
10* CFU/KESS, A%l 4.7x10* CRU/ME S, Al AR 2 5
ZEOr BT IR SR BRI R FE S TR SRR S N8 7, JFiE
— A F S5 RN 1.697, F I SHE Fo0s(19,20)=2.137, F
{H<Fo0s, F2WITE 0.05 B FHHAKF0T, Hl4 BARIED B34 5]
PERFA 2R
2.3 EHFREMHKRIEER

25 & 37 °C 7 d W, il AR HEY) 5 b A o AT e
4578 10* CFUAESS, 7 d AT R RLIF(F 1), 37°C7d N
FEWEE KT 89%, 25 CCAEEZ KT 97%.

F1 25 R3TCEHGTEEINEYRIERNREMRIER
Table 1 Results of transport stability test of reference material
at 25 and 37 °C

Bt ) /d 37 CCRAMAETE /% 25 °CRLIN /A %/%
0 / /
3 89.6 97.9
5 93.8 106.3
7 89.6 106.3

T /R AT IE o

24 fEFEREMKRELSR

JUCE T 4 CCHAF TAEAE, AFRUEYIT 28 d TR & B2y
4 10* CFU/RE &R (K 2), FAG SR RLAF, 397E 91%LL |

HUE 20 °CHMH TARTE, AFRUEYT 90 d P& L
¥ 10* CFURERA (3R 2), FRIERRAT, 76 91%LL .
25 EXEmPRARIESER

20 PHE SRR IR IR GB 4789.15—2016 BE{THiRE . 1%
FRREFEE, YR WK, ARSI, A&
W H & R ER I 20 MFERFERG, WIRR 3T
UL ERE DR SR B, o MR P P8 EAT AR AL S, YN B
HREC e B, [l R A7 45 R B (R 3), RASEHME K
3.9x10% CFU/BESD, #4520 JHUAR ol 535 — PG ISP 35 {5
4.8x10* CFU/REMLAE ] JELG & i S5, TS iRl
81.3% o Uk BHIZ AR E) 50 76 AN [ 5Lt v iy FH AR B4, Rl
SRR AL R R TR T R R

F2 4 K20 CEHTIREMREFEREMRIEER
Table 2 Results of storage stability test of reference materials at
4 and -20 °C

i i /d 4 CREMAET 5/% —20 °CHIMAEIE /%

0 / /

1 97.9 /

3 95.8 /

5 91.7 /

7 91.7 95.8

14 93.8 100.0
28 100.0 1083

60 / 95.8

90 / 91.7

R R

2.6 MWMERRERIESER

3 RS 5 N I EEAR ) IR BT A R 10° CFU/
FEM(ZR 4), THEUR ST L B 75 35 ok B — MR TR VK
ASEATERATEARBRIR 1~2 DR AR, A s
TE LRIy f RS BR G B 1

3 Fi5iie

o B DAL 5K B0 A A £ T R A 36 R R FR R, IR
UEFLARS 56 ] S Rb 20 2 B MERE o Bt SEIRE AOLTRE
IR BRI 2, (TSR AR v B SR A 56 X
WS A LB A A 1 EAG AR WIS PR TR E b
HERJBRE i, A P AR TRT R A 3 I o A o (£ T4 )y Fh 4
BRI R, 441k MALDI-TOF MS. ITS i &
WP A K A5 B SR, W R RS 4e 4, BT,
RS 4 FH A 56 % HE A T R A S b o B AR, Ik B T
5[] SHL R ol A 0 T R 45 1 A T o 3 O ) TR,
WA S AT P (A% B 5t RISt 11 1 R O 0,
AFN TR TF R & AL A 0158 B, AFTEl i
PR AT TR SR A A, PR T PR A R TR A
KB ARED) 5 o

A EFR GB 4789.15—2016 ekt b R B K “ B 74
HHBCESK, BEMREL 25 ¢ (mL)E T 225 mL L@ # B+,
T PR YR ETE 10~150 CFU B9 M. AW HI#5 0
PRUER R EE A 100 CFU/E S, R BHIA — AN e it
TR RN, SRR 2251%), MABHEAR Ealit
BB TE R R 10* CFUMRESL, IEAFAFA B bR b R e B
FTETLR SR, WO 96 N 5 F B, TG 2% R e A2 1) A,
CINEEz (e POyt M B i 7 i
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Table 3 Count results of reference materials in food sample (n=3)

N2 FE SIS H{E/(CFU/EE ) BT /% BOEIE/(CFU/KE ) SBRIEZE/(CFU/AE ) S/ %

1 4.5x10* 93.8%

2 5.9x10* 122.9%

3 4.5x10* 93.8%

4 3.6x10* 75.0%

5 4.1x10* 85.4%

6 4.1x10* 85.4%

7 3.2x10* 66.7%

8 3.6x10* 75.0%

9 4.1x10* 85.4%

10 4.1x10* 85.4% . ,
N 1 x10° 66.7% 3.9x10 6.9x10 81.3
12 3.6x10* 75.0%

13 3.6x10* 75.0%

14 4.1x10* 85.4%

15 5.0x10* 104.2%

16 3.2x10* 66.7%

17 3.6x10* 75.0%

18 3.2x10* 66.7%

19 3.2x10* 66.7%

20 3.6x10* 75.0%

e Hod 1~5 SRR TR, 6~10 5 MR LREC LN, 11~13 5 0eAERs, 14~15 S AR K BEEHli, 16 S ML, 17~18 S AT,

19~20 5 5Tkl i o

F 4 EEOAEYRIMERRELS R(CFUAER)
Table 4 Result of collaborative calibration for reference
material (x10° CFU/EE )

SR A B C
1 3.5 22 32
2 42 2.3 3.5
3 42 2.1 22
4 2.9¢ 2.4 2.7
5 3.8 25 4.0
6 3.9 2.1 3.3
7 33 2.6 28
8 3.3 2.4 3.6
9 3.4 22 5.3
10 42 2.4 2.7

A 3.7 23 3.3

AW R BIARAER R 10* CRU/AE S Y 5E B AR e
Wy, ASTETF H AR 4 s PERR A R 0L, (RAIE
H o v R Ra e v o B PR a2 R, AR
FE A bR AEY T4 5 AT, SRR R O 22 Wi o
Ko MR CNAS—GL003:2018, 7& 25 & 37 °C T izkitasE
PEINE, 7 d NI 4ERRTE 10* CRU/BES, AR IERR R

BHEIRRE . AR AT RIITEE-20 CRMETRE., @il
20 A L e R BGIE, BE ST R, R TR AR
81.3%, HFEMIAIH 66.7%~122.9%, % & T € 5 FE o 5%
X A S HARE S AR — /N2 5, A e o,
R B AT R BESR . 3 RELES S UMEbR 4 S
AHARF o DRIASRR R S AR S H G560 A% o 12 s i) T BB S ml
TTI, T — 25 ORGS0 25 B B0 | R I B T S

PR UER SBTVE S H R R 30 00 B A A, R R A T
LA ARHEYTCE R TR, BB, A5
Wit o AR F IR T HPR AR MR BT, B AT RTTG
T, FTIFEIAR S NG s v, — 7 T AR T i FH
WEWE, J— R T AR RAEARZ IS,

AR5 ] £ 1) T B s o 40 I AT PR RS 36 1A
B AN AR, KIS P A I R AT R PR R R R, AR
R TAE s AR | b2t obOaiE, ok &
SR I AR S

SE Mk
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