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Abstract: Mycoplasma is well recognized as one of the most
prevalent and serious microbial contaminants of biologic ma-
nufacturing processes. Conventional methods for mycoplasma
testing, direct culture method and indirect indicator cell cul-
ture method, are lengthy, costly and less sensitive to nonculti-
vable species. In this report, we describe a new TagMan
probe-based real-time PCR method for rapid and quantitative
detection of mycoplasma contamination during manufacture
of biologics. Universal mycoplasma primers were used for
mycoplasma PCR and mycoplasma DNA was quantified by
use of a specific TagMan probe. Specificity, sensitivity, and
robustness of the real-time PCR method was validated accor-
ding to the European Pharmacopoeia. The validation results
met required criteria to justify its use as a replacement for the
culture method. The established real-time PCR assay was suc-
cessfully applied to the detection of mycoplasma from human
keratinocyte and mesenchymal stem cell as well as Vero cell
lines artificially infected with mycoplasma. The overall results
indicated that this rapid, specific, sensitive, and robust assay
can be reliably used for quantitative detection of mycoplasma
contamination during manufacture of biologics.
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1. INTRODUCTION

ufo] ZEgkAu} (Mycoplasma)= 0.3~0.8 ume] X| &8 2k
AEH o] i 1A A3 ke AR 3 B Ro|th &
3] nfo| AEZeAn= BT FE (Mollicutes) 7 (class)of| Z3+
%= Mycopasma, Acholeplasma, Spiroplasma, Anaeroplasma,
Ureaplasma < (genera) 5-0f] 43}= EE & FA st of
ol s E ettt ATHAL AT 715 /AT 9] R
o Bt Be ALY BL ool e e A A
W o 4= %417 ghom, 9JoF 2740l ¥4}, 53]
o AHEL aPet], B @A BT 229 So] 7Y
Hj Ao A F-2{o] 7Hesltt. npo] &Lt v/ 0l
i, 3714 B SAE7IE L& CO7t 5~10% EA 8= 4
e ol A 2 F-A] bt [1-4].

npo] A EetAanhs A& Q) v ot Al B Al2F
ol o dYo g & deA St [5-7]. Mycoplasma 43} Acho-

leplasma <5 2001 0] A Zuj%e] 8 e P Yo, I1F 65
9] ato|ZEAut (M. arginini, M. fermentans, M. hyorhinis,

M. orale, A. laidlawii)7} 8 L @QO2 B E T it} 0]
=t FDAC| ok 24301 7F 241 20,0000 7 9] A
OF 2 15%0] &5l 3,0000] Ao| A nfo]ZZ AT} 9 o)
3ol =] gl Tt [8]. Y o) A= 80%¢] Suteltte B 9tk
[9]. U 2] A9 415 8252 0] HjOFA| LS Z HufoFH oz
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npol A EetAnt & o RE HARE 23 39%0 4 HEd
AR 7F Bl vl 9l [10].

FAE Eshe FARA R o, WAl Al EA =2A,
FAAA BA S 22 Ao ofE ke et HlEn ok
Al wpolEekautol @ FEH, A S Ao A=Y I
& 49, At S0 9% pH "o}, A B 2
A W ol Hhg-So] Mot Hof YitE e AlEe] F2
Fdo] Astdt. =3 Alx 349 A& A5 o1

o EATY BAS VO 5 T YHHOE HEHAL
o) gapol A WL G S ok vpo] A EekAute] 6.
© MCF-7 A £3.9] RNA W 9F410] st 2ape) 2 4
o] Atol oJshel 22,0000 4] 24}t 7% F

3k 579

£ SleiA = ve] ZEefante] @ ¢ of BE gelsto], 44
o] ¥ 7 f-oll= AHe 245 Fot= 20| Easirt nto]3
Setinhs A2 E o] 83 Al 38 F
XA, g AR H=ER L E
A s B2 ot A2 E Sl 5
Ao, 2 a W 20 wate g o= Qlsf thE Al
2 e ¢o] gk 4 Tk [2].

A vpo] ZEepAutE &S] St AIEH O R ¢
O] Z+E F A Ao A E v A (A =T, Sl
How E g ol e )3} indicator cell culture ¥ o] AR&-E] 1
Aom 1 ANE FH o= gQlshz Hl 28YUo] R H T}
[12,13]. whebA] S Aol A wio] Z&ekut YA E
WS S AAAZTIOE, WA 5 U AL A E ] 9
A olokE BAAAL AT L2 ATe 4= YA, $7 7]
Zbol 4, 7)1 919] Aeko 2 AR A EA 2 Ao 4
Fa7]ol RO ug o). Eik FAXA LT
OF 1} w41 O] QEA QT ARS ol Al 22 ui o, w2 g A, &
Al olokE A T oA AATEE & upo] FEekAute] Al
&35t &Aoo g astky, v FA] E M 3} indicator cell cul-
ture W] © 2= A& HEo| B7HsSI 2 2 =9 A7

o9 B Ao L MRS A1 ol 07 &

S A% 4B Asta glom, o  YEAoR
sak5 2 2 b o] A4l w 3 ik [12)

[e)
chopgt no] Eep ANt 2 A& A2 U AR
- (polymerase chain reaction: PCR) 5 &0] 7l
9, ) B E dut PCR ¥ o] A1 touchdown PCR

v
Fol A4 Qo= QI3 YA WAL EAHol A
tol A &etAnt RAYAFH 02 ARE-5}7] of = FA ¢e}
[14-16]. o= L& PCRO H] 8l & A|{to] w211,
o] §I%e] wow, 41417 monitoringe] 7M1,
skAgo] mfL =2 SYBR Green 19] 7|93} real-time
PCRS o] g3 mho| TZ efan} 4147 % 4o A Elof g}
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[17-19]. SYBR Green 19} 7]4F3} real-time PCRS TagMan
probeE ©]-&-3F real-time PCRo] B3l 9] g/ 1} o]
7} Woj 2| wHo] 9}, 2 Q1o A rhorat £52) o}
o|FZEepAutE A&etal, ol or HET 4= Q= Taq
Man probeE- ©]-&3t real-time PCR A3 *H-& 255}t &+
2% A3 H-& European Pharmacopoeia section 2.6.7 [12]3}
A EolobEobA A o] BAFEL A 7% rho]=etel’ [20]

of whet HFsto] Al F S SR

2. MATERIALS AND METHOD

21, vho| R ek A0t 20 T AL o}
European Pharmacopoeia section 2.6.7. MYCOPLASMAS 7}
o Eebele] et vol mBet At A% AR AFES §
3 Table 0] 7] 2%t 752 vfo] &b n} 32 ALY
o} [12]. o] 2igt mpo| A& etAnt 52 A A4, vl
o o, L@ NIk, YA 55 st AP H &
ol 7E9 nfo| ZEeAnt EE9F =5 American Type
Culture Collection (ATCC)ZF- €] I3t o, vk 95)
ATCC product sheeto]] 7] 2% vj A& A3} 5T}, 4. laidla-
wii, M. gallisepticum, M. fermentans, M. hyorhinis, M. orale=
ATCC #243 mediaol| 4] vl &3} c}. M. preumoniaer= ATCC
#988 mediao]| A w3} o, M synoviae= ATCC #486
mediaol| A B 51Tt Table 10f 7]t 27 O &2 vjofgt &
A2 AT (colony forming unit: CFU)= A 4=3} %t}

Real-time PCR A|g 9] Eo|A] AZL Y3 A& CHO
(Chinese hamster ovary)-K1 AJ3£2} CHO DG44 A|E= 5%
L&A AH7}3F Iscove's modified Dulbecco's medium
(IMDM: Gibco BRL, USA) Hjj ] o] 100X Hypoxanthine-Thy-
minidine suppliment (HT suppliment; Gibco BRL, USA) 1%
£ H7}sto] wfekstgith. Human keratinocyte (AFH ZH2 A
3 )= Keratinocyte Growh Medium (Gibco BRL, USA)o] Hjj
9F¥5}9d t}. Human mesenchymal stem cell (A} 271 £7]
H3E), A9 A E(ATCC CCL-1.4), C8166 A E(ATCC 71218),
Vero A Z(ATCC CCL-81), MA104 A 3 (ATCC CRL-2378)=
10% & A (Gibco BRL, USA)S #7}3t Dulbecco's Mini-
mun Essential Medium (DMEM: Gibco BRL, USA) ulj x] of| u}j
Falth BE F&E A ZE 5% CO,, 37°Col A vl sk ct.
CHO-K, CHO DG44, A9, C8166, Vero, MA104 A L= ATCC
o A F+215F5% 2™, human keratinocyte?} human mesenchy-
mal stem cell& (F)W| 0] 2 1& H| AE| ¢ 24 AT A8} (F)
Al HEo] Bl of| A - oFbol AFE-5} Gl T

2.2. Primer®} TagMan probe A3

R $79) volmEeants A FE
primeri= 814 Hol 7k 7 9 gl= 2 o= o427l 168 rRNA
SHAAE 7] 22 5lo] oF 450 bp2] PCR AHE0] ZZ L2
3195 universal mycoplasma primer A (forward primer, 5¢
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Table 1. Mycoplasma species used in this study and their culture conditions

Mycoplasma species Source Culture condition Media
A. laidlawii ATCC 23206 Plates : 37°C, 5% CO,, Broth : Aerobic #243 media
M. gallisepticum ATCC 19610 Plates : 37°C, 5% CO,, Broth : Aerobic #243 media
M. fermentans ATCC 19989 Plates : 37°C, Anaerobic, Broth : 37°C, Anaerobic #243 media
M. hyorhinis ATCC 17981 Plates : 37°C, 5% CO,, Broth : Aerobic #243 media
M. orale ATCC 23714 Plates : 37°C, Anaerobic, Broth : 37°C, Anaerobic #243 media
M. pneumoniae ATCC 15531 Plates : 37°C, 5% CO,, Broth : Aerobic #988 media
M. synoviae ATCC 25204 Plates : 37°C, 5% CO,, Broth : Aerobic #486 media

Table 2. Nucleotide sequence alignment of TagMan probe used in this study (5'-3') to mycoplasma DNA sequences from the NCBI

(GenBank) database

iirf;n;f Species FAMMYGRCWAACTATGTGCCAGCAGYUCG C G-BHQI
NC007294 M. synoviae CGGCTAACTATGTGCCAGCAGCCGCG
myclésrr M. penetrans CGGCTAACTATGTGCCAGCAGCCGCG
aclrgnal A. laidlawii CGGCAACTATGTGCCAGCAGCCGCG
mycrgda M. gallisepticum CG[AJCTAACTATGTGCCAGCAG[T|CGCG
mycrrnaf M. fermentans CGGCTAACTATGTGCCAGCAGCCGCG
mycrrnahyr M. hyorhinis CGGCAACTATGTGCCAGCAGCCGCG
mycrnaor M. orale GGCTAACTATGTGCCAGCAGCCGCG
mycrmapn M. prneumniae CG[A[CTAACTATGTGCCAGCAG[T|[CGCG
mycrrnaar M. arginini  TIGGCTAACTATGTGCCAGCAGCCGCG
af125583 M. salivarium  TGGCTAACTATGTGCCAGCAGCCGCG
mycrrnapi M. pirium CGACTAACTATGTGCCAGCAG]TICGCG
Mismatches are shown in boxes

GGCGAATGGGTGAGTAACACG)%} primer B(reverse primer, CFU/mMLQl M. fermentansE A} 02 ZF A x 3ALY] W)

5> CGGATAACGCTTGCGACCTATG)E A&35F% T} [21]. 1f
o]s1EZutAut DNAE HAIZFC & &3] 9% TagMan
probe= wlo] FZakAnl 16S rRNA -4 2 DNA A4 align-
mentE 33 Aol 2 FES AE st o H, primerE
T} Tm (melting = %=) gk°] 8~10 %= A tjAFQlst it &
3 hore 89 wlolZBekantE AEel] 15 mis-
matchS 7[A] = B2 H2 2T 233 mixed baseE A 5HS
t} (Table 2). TagMan probe sequence 5' LEHo]|+= fluorescent
reporter dyeQl 6-carboxy-fluorescein (FAM)S 3' Wethof&=
quencher?] Blak Hole Quencher 1 (BHQ-1)0] 2 =& tjx}Q]
shit.

2.3. Real-time PCRE o] 2% vlo] 2 Z 8l Au}l DNA A%
A3

StepOne Plus™ Real-Time PCR System (Applied Biosystems,
USA)& A}-8-3}o] TagMan probe real-time PCRS ©]-&-3} u}
o) ZE2}20} DNA 4 A4S 25 skahoirt. w7 ool
s Fehant DNA 238 H2j3ks7] 913) A2 2 555
©] DNA F& kito]] thgt Bl A S AAsHlch Bl A g
S 93} PrepSEQ™ nucleic acid extraction kit (Applied Bio-
systems, USA), Exgene™ blood SV mini kit (GeneALL, Ko-
rea), QIAamp® DNA mini kit (QIAGEN, German), Genomic
DNA prep kit (Solgent, Korea), I-genomic BYF DNA extrac-
tion min kit (INtRON, Korea)S A&3}5ith. Titer7} 1x10°

do| @} DNAE FE353lth 5% DNAS F+3o=
Realtime PCR master mix (TOYOBO, Japan)E A}-&-3}o
TaqMan probe real-time PCR A| &2 =33} & crossing point
& v askeith. Crossing point (Cp)+= PCR cycle©] expo-
nential phase=® E90}7}+= cycle &5 YEHTE PCR ¥H3-2
2] 3f} 2x Realtime PCR master mix (TOYOBO, Japan) 10 pL,
10 pmol forward primer 1.5 pL, 10 pmol reverse primer 1.5 pL,
10 pmol specific probe 0.5 pL, template DNA 5 pL &3} o
MgCl, (25 mM) 0.8 pL, Nuclease-free water 0.7 pLE % 7}5}
o] 2|FH 15 20 uL7} = A 8}t HAbE35-2 pre-incuba-
tion2 94°Cof| 4] 90, denaturation 94°Cof|A] 30%, annea-
lingS 40% (annealing &= 2|23} 93] 50, 52, 54, 56, 58,
60°Co]| A] real-time PCR 4=3)), extention2 72°Coj| 4] 20 2
ko] 45 cycle 35kt 24 MeClL =5 H43H7] ¢
3] 2 A3}5 annealing &%= 60°Cof| 4] MgCLE 3 mMojl 4] 6
mM7}A] H3A| A 3 7helE aho] & ekAnt DNA 5o
w2 crossing point -2 H] W3} R T}, 75 9] ufo] Z & Au}
EEATE 10842 A45A 07 3145 & real-time PCR

>3 5ko] npo] Z&ef2uf log titer (logy CFU/mL; x)of T
FCp gk (v) 7H) B HHAS Fahale.

o filo

2.4. Real-time PCR9] A1# 4 AZF
s8] 5 njo] T Z e} A0} real-time PCR A& A 3 o] 4124

(reliability) H.5517] 3l e dHM ) 5o]4d (Speci-
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ﬁcny) Z3H4 (Limit of detection), 2744 (Robustness)<
#3514 th. Real-time PCR 75-& European Pharmacopea

section 2.6.7 7Fo]|Eg}ela} AlZ ojokZ ol A o] ‘A==

AP A% shol el of uke AAlskect [12.20].

24.1 Eojy FHZ

ALZZ AL o] Eo| AL
A8t A2 = = Y
ook A 919 AL E: CHOKI AZ7e CHO-
DG44 A 3E3E, human keratinocyte, human mesenchymal stem
cell 2 C8166, Vero, MA104, A9F} -2 % 8% 2] H|E(F)E
AT O 2 cross-reactivityS 43Tt Al g ol AFESE 2 A
E(F)9) HE= 10° cell/mLo] it} Real-time PCR %A of
Z7 02X %71 10° CFUMLSl M. fermentansS A&t
dom, 24 =22 2= phosphate buffered saline (PBS)

2 Abg3tgTt

242. FBOA FF

A& e & A9 A% F 95%rt AR HEE &
L AA G A4 BIE k] 4L oJulgiet. H g )
o A4 343 WP YA o Fulstel 7} 84 v

[e]
=
= ANT F ATE Bl 75 o
o|FEZe}AntE Z} 1x10° CFU/mLo|| A 1x10"! CFU/mL7}
o=z _JH 8lod 2 #2314 real-time PCR

2 oft
[\
=~
toh
r—”é
I
o,
~
_ﬁ
HJ

o] AfHTE JrAHo
P W= of gt A=
HAE o] A2 e of T3t A

Al sz thsko] Azl A
%A 2h9 3ufel s F sl Tt HE g s npo| &
ghAnl AALS A 7Ve & ZAAS AT o) 2R ofAJo R
old A HAPHY S 45T 4 Utk ol = Sl
npo] A EekAnl S ui FAZ Q] AR ZHE A 2o 2t mfo)
AEetant 3 HETA Y 3o FEH = FEE AV
& 33] 9] real-time PCRS A A|3H & B4 Cp 3H v st
ok

MgClz_J Srof T2 real-time PCR A| P H O] ATA A=
S A=Z317] Y8 M. hyorhinisE 1x10° CFU/mLEE] 1x10'
CFUMmL7IA] 44 0 2 3143F & MeCL2o| 5 %=5 3 mM,
4 mM, 5 mM= H3IIA] A A 33] 9] real-time PCRS A A|SH
% 93 Cp ke vl watan.

A ZAHE EE]t primero] w2 real-time PCR W 9] A1
A& AZ317) Y8 M. hyorhinis 432 1x10° CFU/mLA-E]
1x10' CFU/ML7MA] A< 3] A3t 3:339] primer A % 3] A7}
A Z3t primer2 33] 9] real-time PCRE A A|SH & Hi Cp
e vt

2.4.4. ofo]ZZEafAnl DNA copy 5 4] e YH¥ 5/ &
%3

nho] sLE&2tAul DNA copy 4= o A 2Hg A9l H]&-2 real-
time PCR 717 &= of v FH &) Wi & Bl 554 4 Xéﬁ}%
Yl o % 28k} v ufo] 2E A0} DNA copy 4 4
2 93} plasmid standardE A 2}5} 5Tt 0| & Y3l A. laidlawii
16S IRNA S-AAE 7|22 5to] 2 A1LE 58 &H = real-
time PCR 2% G742} 295 £35}0] 780 bp AHE0| &
E =% primerE t]A}913}4 T Forward primer~= TGCATGT
TGAACGGGATGTAGC, Reverse primer+ GCCAGTATCCA
AAGCGGACTGA= PCR AF=-E T-Blunt™ vectore] AHela}h
Sth. E. coli DH5ao] plasmid standardE- transformation A| 7]
3wl oF3}o] plasmid standardS 223t t}-2 QlAfilter™ plas-
mid midi kit (Qiagen, USA)E A}-8-3}o] plasmid standardS
FZ5F9 . 260 nme} 280 mme] &%= 2 plasmid standard
9 =L & =435} copy == FHAF5FS T). Plasmid standard
£ 1x10’ coples/uL HE 1x10' copies/uL7}A] 108]5=2 ¢4
67 3]43}¢] TagMan probe real-time PCRS 43§35} 1L,
copy 5] THE Cp TS BATELO] S 9T HETAIL
2315l 24 ool Eefue] CPUS| e Cp 342 3
Al ol o 9l shof mho] &2k 1k DNA copy <~ of &t
Al vle 24kl

OEL =} ﬂll

24.5. JPAHE Y ST|HEE o] §3F HjF Y vl &5
Al
wf b 7o) ¥] E-5 4G A 93] $150] real-time PCR A|
W7 344 A vho] m B el anb g A o] A E T
AIRS B Aol NSk WS kel Al g kg T-25 flask
of Hj % keratinocyte®} mesenchymal stem cellof] 759] n}
o] FZaAntE 10° CFU, 10° CFU, 10' CFUS] S22 A%
to] © @171 3227k vk olTh AFSHS A A S 3 A
E 93 2 A Eu|kolo] Yol 918 4 Qi vho] mE e
2ohg gh5) A 7517|919 PBSZ 3t Al H gk kg A u)
ot Whdch A SRS WY £ AL 27
232 B4 A70 5 A} ool F4ste] DNAS
=3 % real-time PCRS =34 3t+= 3, 34 A of| & nvf
el A A AT s Slsted A58 B
A7) 3 Ao} wloFl& 200 pLA F3}o] upo] T Zutnt
FAIE 8 PPLO LA A] Y] Aol T 5 F 7= 7]
A2 The A #7142 1407 Hlefste] nol 1%
ghanl Qe F4 LRnE g1alelnt,

2.5. Vero M| EZ A real-time PCR& 0] 43 ujo] L&
gaut S

3+ ¥ real-time PCRS A EO|OFE A 2FA AZo] A&
g 4= Ql=x] BH¢15}7] £]5}0] rabies vaccine AYAF A EF=¢1
Vero A| 22520 JIY A 0 2 nfo| I EeAutE @ FAIZ] 3
o|FZetAut HE AHS AAISHI T Vero Al 25 10% -
832 7}5k DMEM B %] (Gibeo BRL, USA)e] 1] 2kate]
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t}. T-25 flasko] k= Vero A|Z9] 10* CFU/mL % ¢l
M. fermentanss 1 mL E3F 3 2 F2F st Al
H QF el A A G - Al T} 7 Al sz e g of] ol ¢l
2 % Qi vjo| B} AnkE 23] A4 3] s PBSE
3 A F e TS A Fol S A7HSHTh ThA] R o
o & A2 33 A stHA 2 A ot N EZE S
mL 3312 35350tk o] % 1 mL& A 915 A1
53, U 2] 4 mLEE €] 33 H real-time PCR W2 o]-&
sho uholsEelaul £3) of3-5 8HeI5Ch Reaktime
PCR %A ti 2 2% &57} 10* CFU/mLS] M. fermen-
tanss AHESEG oM, S/ RO 2= v AE Vero Al
29} PBSE AME3}2 T,

3. RESULTS AND DISCUSSION

3.1. ujo] I E 8 Au} DNA AFE ¥ real-time PCR J
23t

nlo] FZ A0 DNA A2 93t TagMan probe real-time
PCRY| HIH == A| R 25 B DNAE F&3}= A&, Z}o]
wj9] Q17] 4 23} PR ¥g 271 Sof o8] AR vo] 2
Zelavk DNA 5% 58, 52

probec] 97141210l eja 2HHt. WA vho] mE A}
DNA #ZA S AH3jelr] 913 A2 e s5xe

DNA 32 kito]) o 3F B] Al 3-8 A A]5}9 T 1x10° CFU/mL
ol M. fermentansE- A2

2
2t A % B4R o2l
2} DNAES 53 & TagMan probe real-time PCR AEA] S
S A AJ 3t A7} PrepSEQ™ nucleic acid extraction kitS A-8-5}
o] &3 DNAY A 71 WA SFo| dofyutth (At= ] A|
AD.

M. fermentansE A2 0 & 1x10* CFU/mL, 1x10? CFU/
mL, 1x10° CFU/mLE 3]4]3l & annealing temperatureS 50,
52, 54, 56, 58, 60°C= 3} A A Al real-time PCRS =345}
= o 2rof whE & Zol 7k LAAITE 60°Coll A Cp ko] 7}
% SA e 60°CTF 2 2= E & 4 T (RFE 1]
AAD.

24 r oA MgCl 5 =& B3t A PCR 270 2|23t
Sttt M fermentansE <22 2 2 1x10* CFU/mL, 1x10?
CFU/mL, 1x10°CFU/mLZ 3|43} & MgCl, =& 3mM, 4

>
T
=

0O 1x104 CFU/ml
W 1x10° CFU/ml
0 1x102 CFU/ml
@ 1%10t CFU/ml
A 1x10* CFU/ml
A Nzzative contral

-
-

o
om
o m

o a4
o & o

g 9
n'o.'
0.2 g u Pe
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lgmoessnmoeaaloltagsid

2 6
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S oo
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.
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Fig. 1. Amplification plots obtained with 10-fold serial dilutions of
M. fermentans (A) and the standard curve obtained by the regres-
sion analysis of crossing point values versus initial M. fermentans
titer (B).

mM, 5 mM, 6 mM= HS}A] A A real-time PCRES 4385191
ol 4 mMof A Cp gho] 7H8 RA b 24 MeCl 5=
4mMYZ & 5= AT (RF& B AAD.

2 A3} 2740 A Titer7} 1x10* CFU/mMLS] M. fermentans
E ¢AH o2 108)4 3438 3 real-time PCRS 4233131
o). ZF A& o] tj3f real-time PCR cycle 4| WE fluoresc-
enceg} ] =715 &S A1} 1x10° CFU/ML7EA] M. fermen-
tans DNAS A& 4= A8tk (Fig. 1). M. fermentans log titer
(log)o CFU/mL; x)°ll Th3t Cp gk () 7+9] & Ay =
-3.374x+36.406 (A A A4 *=0.999)2 M. fermentans log titer
o Cp gk 749 217140] 1§ 9tk th2 650 mho| %
»oto] disjA = Aafaralg 2H43kaL log titer (log;y CFU/
mL; x)ofl et Cp 4k (y) 7+e] £& A4 e 13 23 24
A7k B 0.99 o]0 2 A4E| Qi) (Table 3). o] 9F 22
ZAatol A 2F¢) H real-time PCR who] & et Ant HFH &

Table 3. Linear regression analysis of amplification plots obtained with 10-fold serial dilutions of mycoplasma species

Mycoplasma CFU/ml Regression curve 2
species 10° 10* 10° 10° 10 10° 10" Y=-aX+b

A. laidlawii 2639  29.65 33.04 36.88 N/A Y =-3.488X + 36.722 0.998
M. gallisepticum 2294 2628 2958 3332 3572 N/A Y =-3.259X + 36.085 0.996
M. fermentans 2281 2650 2957 3295 3646 N/A Y =-3.374X + 36.406 0.999
M. hyorhinis 17.79 21.08 2484 2825 31.65 3497 NA Y =-3.458X + 35.076 1.000
M. orale 2546  29.12 32.82 3550 N/A Y =-3.382X + 35.798 0.995
M. pneumoniae 2488 2840 3194 3504 N/A Y =-3.402X + 35.170 0.999
M. synoviae 2636  29.67 32.87 3645 N/A Y =-3.346X + 39.702 0.999
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Fig. 2. Specificity of real-time PCR assay to human and animal
cells. Specificity of the real-time PCR assay to human and animal
cells such as human keratinocyte, human mesenchymal stem cell,
CHO-K1 cell, CHO-DG44 cell (A), C8166 cell, Vero cell, MA104
cell, and A9 cell (B) was evaluated using real-time PCR.

A log titer} Cp 2L Abo]o] 41 0] vl 58-S Telaied
t}. Real-time PCRO] &2 ¥ & 3| A9 7|7 o= T
o = QlEE 100% 5% Aa2 UE e 717 762 -3.32
ojm, U¥tA O = -3.6000 A -3.109] 7]&7] & UEtH &
Z 380] 90~110%= A A H O 2 315} real-time PCR
ARy ot & A7E 59 SE raltime
PCRO] £ 3] A of| A 7]&7] k2 -3.2590]| 4] -3.488 7 AL
ojof| A5}t o|et & Aol A &7 H real-time PCR
o ARATY o A5 AT UL skt

Table 4. Determination of LOD (Limit of Detection) of M. fermentans

3.2. Real-time PCR®] A2 43

ulo] FZ2kAul DNA S 93t real-time PCR BFH 2] Al
A& BEok7] Sl SEE Ao Solx, HETHA,
= dEsklh
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0] Al 52 AT, Wol, 24,
A AAFE T} 32 5 real-time PCRS A&
off -3k7] 913 A A=A, G A7 A2
b & Aol AHE-E= Al 2321 CHO-K1 Al

CHO-DG44 | 5, Abgt 5 54| 2] 2] 44k A}
& human keratinocyte, & 7] A| 2| Z A AYAto] A&
human mesenchymal stem cellS thAF S 2 Eo|ALS A Y
A3} 3-8l 2/ tf 2wt Zo] fluorescencedt o] 57}
HES o UL, FEANEA M. fermentans ] 78 -9-0f
fluorescence?} @] =715 W& 4= U qlth (Fig. 2A). =35
Abtat Q4o], F G2 A3 91 C8166 (Human T cell leuk-
aemia), Vero (Cercopithecus aethiops kidney cell), MA104 (Cer-
copithecus aethiops kidney cell), A9 (Mouse fibroblast cell) A
RS YO Bol4e AHT AT 458 &4 Bz
3} Zro] fluorescencegt o] F 715 WS 4= §191aL, /3
ZT-0l M. fermentans®] 732-o fluorescencedt F71&
b= LUt (Fig. 2B).
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Three independent 10-fold dilution series of M. fermentans were tested on different days with 8 replicates for each dilution. LOD for the individual

run was determined as the lowest CFU/mL of detectable. “+” represented the positive signal while

replicate.

@ %

represented the negative signal for each
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Table 5. Summary of the validated LOD (Limit of Detection) for
each Mycoplasma tested in the validation study

Mycoplasma species Limit of detection

A. laidlawii 10 CFU/mL
M. gallisepticum 10 CFU/mL
M. fermentans 10 CFU/mL
M. hyorhinis 10 CFU/mL
M. orale 10 CFU/mL

M. pneumoniae 10 CFU/mL
M. synoviae 1 CFU/mL

LOD was determined as the lowest CFU/mL number of each
Mycoplasma detectable at least 23 out of 24 replicates (more than 95%)
in all 8 runs performed during validation study.

(Table 5). European Pharmacopea section 2.6.7 7}o] =2}2] o
whe S-S EAb o] AR E (A=, S
S, WE R ) thAlsh7] el A= Table 19]] 7] &
5l vo|Zetant 22 oY 247HE B 10 CFUML o]4F
O I & HEstolofut gt} [12]. AETA ASAIH 2
I} &2 % TagMan probe real-time PCR A| ¥ ¥ European
Pharmacopea®] 7] &2 T3} %t

323. gAY 45

EREECSC)
spikinga F AZAI B & A el e A
HAEetAanhrh E S E Sl (Table 6).
MgCl, &%= H3to] w2 2148 HEsk7] Al M hyo-
rhinisE A S 2 MgClL 5 =& 3 mM, 4 mM, 5 mM=Z H3}

Al A real-time PCRE A A3 & HF Cp 3H v w5kt
(Table 7). Cpgroll that CV %= 7k 1.41,0.79, 2.36.0.5 3+l &)
ik 1% 2 719] 5= ol 4 Cpgke] Wakr} 7 <] 91of MeCl
0] Wafo] ofet ehaiAlol 918 S ehelat 4 Ui,

A ZIJ|AFE &5t primero]] w2 real-time PCR ¥ 9] &
A4S A5st7] Y8l 339 primer A| 2 S| A7} A 23 pri-
merS AATIA T M. hyorhinis 3% 1x10° CFU/mLA-E|
1x10' CFU/mL7}#] 91<s 3] 43t 3 primer HE 33] 9] real-
time PCRZ A A3 5 <t Cp g vkt Cp grofl of
3 CV %= 1.12,0.79, 0.700.2 3l & itk A2 th2 A%
3] AFo] primerof 4] Cp 712} ¥3}7F A 0] glof e o] Sl
S 391519t} (Table 8).

3.3. 0po] &S A0} DNA copy 4 o) WS vl g
23

upo] 55 2k4ut DNA copy <= H A2 4] vl&
time PCR T17-w 9} vjoul o] 07k v mE-54S 4
g o S8k} [12,15]. & Atoll ARS-H 77HA] &
2] DNA copy = (DNA copy number/mL) o %2}
(CFU/mL) H]&-2 9~7407}4] & -3kl AA A 3Lct
9). Touch down PCR wjo]FZe}An} AESA|AHS A=3)
%32 5319] 7 $-o] = vpo] 3132} 0} DNA copy + of 2}
BT HlE2 5-5,517HA] W2 kol A A AT [15].
Hetg 4ol ulo|Eelanl 4% Ao weh webd
= Atk A7 ol 843t vpo] A&Th2nte] DNA copy
o o AT BleS AA7] o0 &gt npol Z &k
ko] DNA copy 4= o Al g vl 2o} (v
A=) ERF ufoF 2 I W of whe Herg AT kg

lo
=N
1

Ie

HUNCT )
do 4N rir

ox MN o T

Table

~

)

Table 6. Robustness of real-time PCR assay (Detection of Mycoplasma from human keratinocyte spiked with 3 times amount of LOD of

each mycoplasma)

Mycoplasma species Spiked concentration Detection of Mycoplasma (Cp values) Decision
A. laidlawii 30 CFU/ml 28.01 28.09 28.04 Positive
M. gallisepticum 30 CFU/ml 31.02 31.27 31.22 Positive
M. fermentans 30 CFU/ml 31.78 32.06 32.08 Positive
M. hyorhinis 30 CFU/ml 29.33 29.70 29.90 Positive
M. orale 30 CFU/ml 29.50 30.37 29.95 Positive
M. pneumoniae 30 CFU/ml 28.01 28.06 28.27 Positive
M. synoviae 3 CFU/ml 32.10 32.50 32.18 Positive
Table 7. Robustness of real-time PCR assay (Effect of different MgCl, concentrations)
.. Cp values
A?C?g /r:lzliq)zs Below optimal Optimal concentration Above optimal Mean SD V(%)
concentration (3 mM) (4 mM) concentration (3 mM) of Cp of Cp
1x10° 2247 2224 2237 2241 2176 2208 21.88 21.65 21.80 22.07 0.31 1.41
1x10? 25.87 2560 25.68 2555 2559 2571 2524 2540 2530 @ 25.55 0.20 0.79
1x10! 29.38 31.07 2893 29.05 29.04 29.06 29.14 28.89 2887 29.27 0.69 2.36
Negative control ~ N/A N/A N/A N/A N/A N/A N/A N/A N/A - - -

Three independent 10-fold dilution series of M. hyorhinis were tested using different concentrations of MgCl, for real-time PCR. Mean and standard

deviation (SD) of Cp were calculated.
CV(%): Coefficient of variance % = (SD of Cp/Mean of Cp) x 100
N/A, Not Applicable; real-time PCR signals were not detected.
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Table 8. Robustness of real-time PCR assay (Effect of primer sets made by different vendors)

M. hyorhinis Cp values Mean D
0,
(CFU/mL) Vendor A Vendor B Vendor C of Cp of Cp CV (%)
1x10° 21.82 2193 21.66 2219 2191 2170 2241 21.76 22.08 21.94 0.24 1.12
1 x 10 25.19 2518 25.16 2528 2529 2539 2555 2559 2571 25.37 0.20 0.79
1x10' 28.73 2891 2846 29.06 2893 29.02 29.05 29.04 29.06 28.92 0.20 0.70

Negative control ~ N/A N/A N/A N/A N/A

N/A N/A N/A N/A - - -

Three independent 10-fold dilution series of M. hyorhinis were tested using different primer sets made by different vendors for real-time PCR. Mean

and standard deviation (SD) of Cp were calculated.
CV(%): Coefficient of variance % = (SD of Cp/Mean of Cp) x 100
N/A, Not Applicable; real-time PCR signals were not detected.

Table 9. Average gene copy to CFU ratio for mycoplasma strains

Mycoplasma species Average gene copy to CFU ratio

34. A RAZ R SIAEE ol 87 WFNEYH
H® FEA A

A. laidlawii ol npo| A ZepAut HES g v FAI R {1} 21 real-time
e o s PCR 9] vl B54S AB5H] T25 flasko] #jofe
M. hyorhinis 132 keratinocyte2} mesenchymal stem cellof] 75 9] nfo] &t A
M. orale 33 ukE 242+ 10° CFU, 10° CFU, 10' CFUS] F =2 HE53 & 2

M. pneumoniae 9 Al o 2 AEA L A 514 T (Table 10). Real-time PCR
M. synoviae 43 HFH O keratinocyte®} mesenchymal stem cell A] & oA 7%

% 917] Wgo] upo 31

R 10' CFUQ| s == &3t 74_‘,3-77};<]
Zojants A2
AL 10° CFUS %2 A %3 A laidlawii, M. hyo-

Ze2nte] DNA copy 4= tf 4
AT 0] 82 Wj%F B4 T o] ket b 4 gl

g o2 volm
ot

Fspsict. W

= o S/ ol A

rhinis, M. orale, M. gallisepticum, M. pneumoniae, M. synoviae

Table 10. Comparability test between real-time PCR assay and culture method

M ) . D . hod Spiked titer (CFU)
ycoplasma species etection methods X10° X107 IX10'

Real-time PCR D D D
A. laidlawii Culture method (Aerobic) D ND ND
Culture method (Anaerobic) ND ND ND

Real-time PCR D D D
M. gallisepticum Culture method (Aerobic) D ND ND
Culture method (Anaerobic) ND ND ND

Real-time PCR D D D
M. fermentans Culture method (Aerobic) ND ND ND
Culture method (Anaerobic) D ND ND

Real-time PCR D D D
M. hyorhinis Culture method (Aerobic) D ND ND
Culture method (Anaerobic) ND ND ND

Real-time PCR D D D
M. orale Culture method (Aerobic) D ND ND
Culture method (Anaerobic) D ND ND
Real-time PCR D D ND
M. pneumoniae Culture method (Aerobic) D ND ND
Culture method (Anaerobic) ND ND ND

Real-time PCR D D D
M. synoviae Culture method (Aerobic) D ND ND
Culture method (Anaerobic) ND ND ND

Solutions of mycoplasma species were spiked into human keratinocyte and mesenchymal stem cells cultivated in T-25 flask. After 2 days culture,
culture supernatant were removed and washed three times with PBS to completely remove mycoplasma which might be present in culture

supernatant. Then each flask was fed with 5 mL of culture medium and incubated again. After 1 day culture, cells were harvested and mycoplasma
were detected using real-time PCR assay and culture method, respectively.

D : Detected, ND : Not detected
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o] Zf-ollvk wf ke FREYE AT 4= 9191, 10° CFUet
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PCR o] Wb x|l mek 21 6 4145} wlgel ) ol
o|mEeATLE AET 5 USS FAsAT
Al whglel Ao AEE AEN A 44 %
72X 7t Aol mro] A& et Ant @ ¢ of B HAME FA Aol 4
A= v kA S E X indicator cell culture O 2 A A|5}aL
3UTLO] A A A TS Tl & Aol A-8-8t= = sfal St
[22]. o] &t v 9FA| @ Y E = indicator cell culture 2 71 4
15 BRQlsh=t] 28U 0] & E 7| wfjEof] SApofA Foigt
S npo|ZEekAu @ ¢ of B HA AuTF Yo A H= Al
A mAof] A-gsl7] o= @A of 2l Fo] Wrt. E3t vj kAl
M E = indicator cell culture o] 749 A& X 9] A, A]
29 54 W ufjkrd T w2 8o o8 1 At JF
=W 4 9lol 91348 A3 U 7 Ad o AdEshaL ok
whepa] A 22 7 A 9 7 -, npo| A& ekt RAGAI A o=
A&AA ] A go] AAstA dastct. &E real-time
PCRE& M| 23| 2 A4 Al 23 ol 282 749 v A 2ot
A o A&k vigdsHA npo| ZEeAnE HES 4 9
= Ao & AR Eh

3.5. Vero M| XXF A real-time PCR o] &%l njo] 2 &
Savt 2
g+ real-time PCRS A= 0|oF% AlxgH ol A8 4
Ql=x] &9213}7] 9|5}] rabies vaccine AJAF A Z Q] Vero
M| o) Q1Y & 0 2 M fermentansS QB A) 7] & nfo]ZE
et HE A AASFI T T-25 flaske]] B Vero Al
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FLO| M. fermentans7t &= ¢ 11, 23] 9 33] Al uj o Al
B Al ZH2F 24210, 1.71x10° CFU/ML %=9] M. ferm-
entans7} A Z 5 At M. fermentans7} ¥) 339 % Vero A| 325
o} PBS St 2wt ol A= who| &2t Anbrt HEE A] &Sk
=

ool A& antiz A EHo] Qi AR I el Az ol
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Fig. 3. Quantitative detection of M. fermentans in artificially conta-
minated Vero cells. M. fermentans solution of 10* CFU was spiked
into Vero cells and subcultured three times. M. fermentans was
quantitatively detected from the artificially contaminated Vero cells
using real-time PCR.

o] i}, mho] REehaub o] 24 02 Ik 98] A}
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