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Background

Mycobacterium leprae (M. leprae) is pathogenic bacterium with polymorphic, acid-fast properties and
causes leprosy that it is called Hansen’s disease. Leprosy can be completely cured using multidrug
therapy (MDT), but it is not easy to eradicate leprosy and M. leprae on the planet.

Object

We still do not understand the exact pathogenesis mechanism of leprosy. The main reason is that we
cannot grow bacteria in vitro. Therefore, quantitative measurement and damage-free storage of live
M. leprae are very important.

Methods

Here, we generated bacteria stocks of M. leprae using HBSS with 0.05% tween 80 or freezing solution
11 months ago and evaluated conditional survival of bacteria by Propidium monoazide (PMA)
staining, real-time PCR.

Results

There were assessed for bacteria viability under the conditions of each temperature or medium by
delta-Ct level of real-time PCR. We also observed that frozen-stored M. leprae (2.14) compare to
refrigerated-stored M. leprae (1.03) was significant decreased delta-Ct in HBSS (P<0.05). However,
frozen-stored M. leprae (1.14) was not difference refrigerated-stored M. leprae (0.84) in freezing
solution (P=NS). Real-time PCR with SYBR green method was reliable for results and statistical
significance, but data for real-time PCR with probe method were unreliable.

Conclusions
Taken together, these results indicated that freezing solution regardless of temperature increase
much more bacterial survival. In addition, if use not freezing solution, M. leprae must be stored frozen.
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Mycobacterium leprae(U+)= $HMI%(Hansen’s
disease, leprosy)Z2 SYUdt= ME WO THyXy,
YrtgS 7tAIE Y gEHIZIoto|Tt, QIZHOAH|
UYS YoF|= 2|29 YtE|2/OL2 YEH AT
OF2|TA| | OllN &4215| EIR[SHA] Zot= Y2
A QUTH,
SHAIRY2 S42f multidrug treatment(MDT; dapsone,
rifampin, clofazimine)2 EdiAM M. lepraell
HFGY2 QloH A2EHYol 75t AFYol e
26t0° M. leprae= HRE 220 = 3t Koch's
postulatesOi| W2t In vitro®lAM 72 BIYSH= Z40|
Yut20 2 E7t5617| W2OICH, BI2H M. leprae=
T-MZ7t 2HE SE0IQAQ HHiEH 0| HE 5
Z2| DA DHE0| ALRSHE YAO2 F2 QARSI
M. leprae SAIE A3t SS2E A[2E A5t
HHO HEAQ E22 UL 25T YBHHoz M
leprae= Ziehl-Neelsen staining &2 acid-fast
bacilli(AFB) staining@2 0| ZaHZ OIS,
O ME2H ZY2 M. leprael| 1Y ES| 322 E
QA0 DHR S22 |2 7|29 YHS2 ALALY
BI2YolL FEoll W2t Ha7 H & QoM 79
REHE Yot PR 2 2HY £ Qs M2
ol st Ayolct.
22 0YEY HE HEE Propidium
monoazide(PMA) %*—'"% O|85to] TS A7t
QT+ ™ PMAL DNA Qt0 2 AFIE|0f polymerase
2O AGIAIEIZ) O 2 DNAY
S DNA A% gZolCt,
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Ol AJOME= M. lepraeE 77|12t Bgof
QUoiA BHZ| B B 20l [E Yol BRAEHE
PMA staining % real-time PCRZ ECt 24130l
CIOJE{2 &8I0 O UL # B RS %ot
M. leprae H101| 7|09t At SHTE,

Mz U Y

]

Uit
r.°i iy

1.M. leprae 8
M. leprae= SHRSHAE R BT HL 4y
Aojl N FEOLR A0 AH|CHEHYSH E_?J ?_1'3%'%
AtEoHCH SEfOHO 2+2F Hank’'s balanced
salt solution(HBSS) with 0.05% tween 802t
Trombone AP’s freezing solution(7H9 medium
with 10% oleic acid-albumin-dextrose-catalase,
20% glycerol) (Ol Freezing sol.)™of| S4E}E|0f

FH(40), I8(-207C) HEHZE 1170 3¢t
HRUE|QITY,

2. Propidium monoazide (PMA) g

Freezing sol.2 A&SI] 717t 72 YEHS W,
2 ERYEHE FIot7| ol 2 & 22U giol
A 2% AHZ HAIGG & A0 PMA
100 pM2 @1 1087 9ol| =ZA7[R] 941 AL
AJEHE QAT 0|F QIAGENAIS] BLU-V Viability
PMA kitE O|85t0] AH2AI MY Z2E SO
M2t 1027t 8ol =80 20,000g, 582
HNE2|SH0] 42O HZ|1 DNAS RZ8HFICE
3.DNA 2=

PMA-GAEl 22 QIAGENALS] AE buffer 200uLE
MEQ YLt AE bufferoll HEE FHE Acid
washed glass bead2 QIAGENAIS FA7|S
AH2810] 50Hz, 527 FATKSH ¥ 100°COflA 10
SO 7HEUCE MES Y20UIM 222 HUof £1
12000 RPM, 227+ 22 ST M2t 1.5mL



| QlAshedder colume(QIAGEN, USA)E
1, Acid washed glass beadS A%t

20O columel 2 RAAZH 27ICH o)
8000RPM, 27t 21a122|5t] DNAE IQICH
4. Real-time PCR

M. lepraeE T} Freezing solution®] AHEQ 2
B2 2E7t MAO & A0 YYo=z Yot Y|
25 real-time PCRE £8 9Tt Real-time
PCREZ 22} SYBR greenit probe H2 0|23t &
712 YHO 2 2IBWSIGCE SYBR green AESH
PCROl M. leprae® RLEP4 AlZ|(forward:
ACCATTTCTGCCGCTGGTAT, reverse:
ATCTGCGCTAGAAGGTTGCC)2t probeH &
AtE23%H PCRY ML-RLEP probe(forward:
CGCCGACGGCCGGATCATCGA), Al (forward:
GCAGCAGTATCGTGTTAGTGAA, reverse:
CGCTAGAAGGTTGCCGTAT)= 242t o] =21
UL A2 AT, E3H 7|29 YL O 2
probe O 2= HHZ ~YSHGICL PMA FAME 2
HAL|A] 42 DNASE Y22 8t QuantiNova
SYBR® Green PCR kits(QIAGEN, USA)E
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AHEBE0T AIZAL) R0l Ih2t AHS $%SHD DN
g HTLE real-time PCRS S8l 37I2t 2SOt
2T B2 BHRIO] [H2 CHYHe BASICE

5. 244 34

Of¢1 API0] ACtZH2 PMAR HAE MZ0| CHZtollAl
PMAGMS ot2l ¢f2 MEY Ct2 Hoto
ANGICEH SEAEME NSCC £ Z2a3oz
2HEUT. ACtZE2 7IR2 2 8t0] Freezing
solution® AF2Q 29 MEZ B2 028104
Mann-Whitney U 2% (NCSS, USA)S ST
S 9)/d2 P<0.052 ALt
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1. SYBR greeng 0|2%t real-time PCR

1) BHAJOf| IHE #ol B2 At

HA M. lepraeE 747|7F BEHGIGEE W, BHAR|7t
49 2o Y2 FEA F YOl AHESH=
HBSS(non-freezing solution)# 1t freezing
solution =9 2t 228 PMA Y5t PMA
YMEIR| oF THRFS 20| DNA &3 ¥ SYBR

B Stored at-20C
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Fig. 1. Real-time PCR for differences in stored media
PMA-stained M. leprae was confirmed by real-time PCR of SYBR green method. A) ACt of
Freezing solution group (Freezing sol.,, n=7) was significantly decreased at 4°C compare
to HBSS group (HBSS, n=7)(HBSS 2.14 vs Freezing sol. 1.03, *p<0.05). B) ACt of Freezing
solution group (Freezing sol., n=7) was decreased at -20°C compare to HBSS group (HBSS,
n=7)(HBSS 1.14 vs Freezing sol. 0.84, NS). Samples were stored for 11 months in HBSS
or freezing solution (Mean * S.E.M; *p<0.05; NS, Not significant; each data point is

represented on graphs).
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greeng 0|25} real-time PCRS ALt T2
LIHEZE Y (410) 2o MSS9 ACtyS 7ot
Z1t, HBSSO|| BUSIRTE MEQ| ACtgo P72

C Z 0

2140|241 freezing solutionOfl EH&IHH M=
ACtgt2 1.0322 HALIRUCE Freezing solutiono|
HEE|0] WY EUUE WESS HBSSOl| 2 3E
MEZo H|H P Ctatol 1.1223 AL =2
QOJHA| ZAAYUTH (HBSS 2.14 vs Freezing sol. 1.3,
*p<0.05)(Fig. 1A).

2) 2E0| 2 Fo B2 Fut

Q23 M. lepraeE 7|7t BHY W BHA|Q
YU, LCE YL R AYS ACLUS
Bl SH] ZOISHYICH HBSSO 117H¥ZE WE(-
20°C) 23S Wolls ¥ ACtae 11422
Y (470) BUSHRS WO P ACtZHQ! 2.142Ck
1.02H2 ROYSHAI YABHUTHAT 2.14 vs -20C
1.14, *p<0.05)(Fig. 2A). Freezing solutiong
AHESHA| 23T #2 YEEH Ste 210l 79
JEIE B25P710ll O L2 27421 A2 oI5t
BF3H0]| Freezing solution®ll M. lepraeE 11747t
YE(-20C) BUUS Wolls F ACtZLol 0.842

A Non-freezing solution

*
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292 22} HBSS freezing solution®|
11702 ¥5(-20C) BYE HES PMA

H Bl2 ATt Freezing solutiondf|
CIEfE|0] YWE BT MIEo ACtZIE 0.840=2
HBSSOll Lo B2EGH MELT 0.3243
A MCH(HBSS 1.14 vs Freezing sol. 0.84,
NS)(Fig. 1B). Za2H ACtE S8l M. leprae®| 7|
B0 freezing solution®] AR Q2= M. leprae

R E2E & & Us U2 SR

Y YOS WOl P ACHLY 1.031 B
ACtZfOl 2t0|= 0.192 EAHX o2 QOJ$t 2j0|S
H0|2| 9ITH(A4C 1.03 vs -20°C 0.84, NS)(Fig.
2B). StA|Bt O|E S5 Freezing solutiond| M.
lepraeE HEISH] BUBHOHA of 1W7H Sy
St B3E Mo £AE A TGEA| $322
YOISHLE E3| Fig. 1AQ AR} CHRSt0] 2 o
M. lepraes Y7 2 Al Freezing solution9
A&E2 M. lepraell 22 FLUSHA HHAAHS
YoIY £ QUUTH. O MY raw datas TS
21} ZCH(Table 1).
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Fig. 2. Real-time PCR for differences in stored temperature
PMA-stained M. leprae was confirmed by real-time PCR of SYBR green method. A) ACt of
refrigerated group (4°C, n=7) was significantly decreased in HBSS compare to frozen group
(-20°C, n=7)(4°C 2.14 vs -20°C 1.14, *p<0.05). B) ACt of refrigerated group (4°C, n=7) was
decreased in freezing solution compare to frozen group (-20°C, n=7)(4°C 1.03 vs -20C
0.84, NS). Samples were stored for 11 months in HBSS or freezing solution. (Mean * S.E.M;
*p<0.05; NS, Not significant; each data point is represented on graphs).
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Table 1. Results of real-time PCR for SYBR green method

Response Variable ACT
Group Variables TEP, MED
Difference (TEP=-20, MED=Freezing sol.) - (TEP=-20, MED=HBSS)
Descriptive Statistics
Starlde?,rd Standard 95% LCL 95% UCL
Variable Count Mean Deviation Error of T* . h°4 of Mean
of Data Mean or Mean
TEP=-20, MED=HBSS 7 1141429 0.5978414 0.2259628 2.4469 0.5885175 1.69434
TEP=-20, 7 0.8357143 0.4559919 0.1723487 2.4469 0.4139922 1.257436
MED=Freezing sol.
Response Variable ACT
Group Variables TEP, MED
Difference (TEP=4, MED=Freezing sol.) - (TEP=-20, MED=Freezing sol.)

Descriptive Statistics

Standard Standard

0, 0
Variable Count Mean Deviation Error of T* 95% LCL 95% UCL

of Mean of Mean
of Data Mean
TEP=4, 7 1.027143 0.2023787 0.07649196  2.4469 0.8399737 1.214312
MED=Freezing sol.
TEP=-20, 7 0.8357143 0.4559919 0.1723487 2.4469 0.4139922 1.257436
MED=Freezing sol.
Response Variable ACT
Group Variables TEP, MED
Difference (TEP=4, MED=HBSS) - (TEP=-20, MED=HBSS)

Descriptive Statistics

Standard Standard 95% LCL of 95% UCL

Variable Count Mean Deviation Error of Lk M £M
of Data Mean ean or Mean
TEP=4, 7 2137143 09413592  0.3558003 2.4469 1.266531 3.007755
MED=HBSS
TEP=-20, 7 1.141429 0.5978414  0.2259628  2.4469 0.5885175 1.69434
MED=HBSS
Response Variable ACT
Group Variables TEP, MED
Difference (TEP=4, MED=HBSS) - (TEP=4, MED=Freezing sol.)

Descriptive Statistics

Standard Standard 95% LCL of 95% UCL

Variable Count Mean Deviation Error of T*
Mean of Mean
of Data Mean
TEP=4, 7 2.137143 09413592  0.3558003  2.4469 1.266531 3.007755
MED=HBSS
TEP=4, 7 1.027143 0.2023787 0.07649196 2.4469  0.8399737 1.214312

MED=Freezing sol.
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2. ProbeZ 0|23t real-time PCR

1) BHAIOf| hE #o] & Zat

freezing solutionOf EA4SIHE MEO| HH

ACtZf2 03102 HHEAUCH(HBSS -0.03 vs

L22= PCR Y40 2} real-time PCR 21t
Y SAZ DRAI=A] Holsty| AsHAM SYBR
greeng O|2%t real-time PCRO| AFEE PMA
GAHSH MEN O R MEZ 20=Z AHESITH
HBSS =1} freezing solution #2| 2} E22
PMA FAisto] DNAE ZZ3H ¥ probeZ real-
time PCRE AIWSICH Y (4°C) 25t
HBSS MZ9 H# ACtZE -0.030|%1

2) 220 WE 7o EE A1}

ProbeZ& 0|25t} real-time PCROIME 2 =0
et 20 U FAZE GA=A ATt
HBSSO|| M. lepraeS ‘7 (4°C) 2 43HE U FYA
ACtZFE -0.030|% 0 WE(-207C) 2ud
MEZO| I ACIZHE 04192 AL UCH(4TT
-0.03 vs -20°C 0.41, NS)(Fig. 4A).

OtRI7} |2 M. lepraeE Freezing solution®|

A Stored at4TC
1.5+

P

<
0.0

o5 |
&

-1.0

N
oV

Freezing sol. 0.31, NS)(Fig. 3A).

Eot Y5(-20C) EH4YS Wol= HBSS
ME9| Y ACtZt2 0.412 freezing solution
MZO| Y ACtZHQ! 0.6ECH YA ZQIZIUCH
Freezing solution® P& ACtgtEC 232
HBSSO 2%t ME9 ACtg H2H7t
2 CH(HBSS 0.41 vs Freezing sol. 0.6,
NS)(Fig. 38).

Y (4C) 2aYs W B ACt2
0.310|% YF(-20C) YUY HE P+
ACtZfE 0.622 TAEFUCH4TC 0.31 vs
-20°C 0.6, NS)(Fig. 4B). ProbeZE o|&%!
real-time PCR Z1t= SYBR green2 Atg
Ayt T 27 296|2 freezing solution
WESY ACHEO| 2% SUOH, 25 FAXL=Z
ROUSIAl SUTE. Ol HHY| raw datas TS
Ht ZCH(Table 2).
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Fig. 3. Real-time PCR for differences in stored media

PMA-stained M. leprae was confirmed by real-time PCR of probe method. A) ACt of freezing
solution group (Freezing sol., n=7) was increased at 4°C compare to HBSS group (HBSS,
n=7)(HBSS -0.03 vs Freezing sol. 0.31, NS). B) ACt of freezing solution group (Freezing sol,
n=7) was increased at -20°C compare to HBSS group (HBSS, n=7)(HBSS 0.41 vs Freezing
sol. 0.6, NS). Samples were stored for 11 months in HBSS or freezing solution (Mean *
S.E.M; NS, Not significant; each data point is represented on graphs).
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Mycobacterium leprae®| full genomeO| 8&{2l
MO, M. leprae AIRALEL 71 2 Y
BHYOl =27t55tthE HOoIth ATt el in vitro
%74O|Lt OL20IH 2 S O|8610] M. lepraes BIYY
4 QIA|BF OF2|7tA|E= mouse foot pad(MFP)
model2 O|&3%t # A7k I40F Tt
AZoICE®. M. leprae= OFR|TFAIE in vitroCllA
ALRARHEZ BIYSHE 20| 27155 | WHE0H MFPO]|
injectiondtd] 4~67H S BHYSH EHOj| OIRAE
5t #2 ZESHE 20| 7ty U YYo=
YA UCH °. 277| W20 YL M. leprae®l
CIDIAIE 2&26t] 71222 BHste U2
FALL ST

L22|E freezing solutiond 7|7t 229
M. leprae?t HBSSO|| B9 EA M. leprae2CH Y+
ACtQ Zfol 2AsHAl 22t 22 It (Fig.
1). 0|72 M. leprae?t HBSSELt freezing
solutiondlX O freshStAl BE2ERD, 7|2t

A Non-freezing solution
1.5 NS

W T
of L

< <
™ :\9

AC

Temperature (TC)

Mycobacterium leprae2| %712t B2A| 2=t BHR|7} #2

B2 D12l BY

UL 20| HUSS AlAFEHTE. Trombone
of W, ZFHHE 23] Y St ALG
M. lepraeZ freezing solution®| HIEfSHAM 2 U
HRHE 2000 O ZHORKD BTt 24 B
I?~_ A1t 20| freezing solutiond| 7|7t
M. leprae®| SEN7t S S ST
7|12t B2E M. leprae®] pellet EHAHIME
2 E2{GCt Freezing solutionof 22H3gHH
ofl BISH HBSSOll B HEINE & HEMUL2 o1
Zofl pelleto] AtH2 SRl 2ot ESHUAHU
BHA|Q BiAO| 2UAE|QICH(data not shown).
ESt freezing solution2 AFESHAHL 232| 26t
F20l= 13 O[Tt 7|2t N 72 BB YW
SBBHE 2001 o BB %S YAHCHFig. 2).
HMEME HOIUE M. lepraeTtE HHSHA|
FEMUZ e YET. 2o 2752 PMAE
TOlN 3O YYUARA S8 2
U THsge FEGILD AT >0 PMAS

0|8%t real-time PCRE HE Y LEEE F0/7|

H

l'

o K
2 rear r_t. r_°,.

F=L| Ho
|O Q_'_ ;:I:

M. leprae H

B Freezing solution
1.5+

1.0 —|—

8 s
Q 05

NS

0.0

T T
< <
o .-\9

Temperature (T)

Fig. 4. Real-time PCR for differences in stored temperature
PMA-stained M. leprae was confirmed by real-time PCR of probe method. A) ACt of
refrigerated group (4°C, n=7) was increased in HBSS compare to frozen group (-20°C,
n=7)(4°C -0.03 vs -20°C 0.41, NS). B) ACt of refrigerated group (4°C, n=7) was increased in
freezing solution compare to frozen group (-20°C, n=7)(4°C 0.31 vs -20°C 0.6, NS). Samples

were stored for 11 months in HBSS or freezing solution. (Mean * S.E.M;

*p<0.05; NS, Not

significant; each data point is represented on graphs).
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Tables 2. Results of real-time PCR for probe method

Response Variable ACT
Group Variables TEP, MED
Difference (TEP=-20, MED=Freezing sol.) - (TEP=-20, MED=HBSS)

Descriptive Statistics

Standard Standard

0, 0
Variable Count Mean Deviation Error of T* g?c ﬁl LCL 9i/|fAUCL
of Data Mean ot Mean or Mean
TEP=-20, MED=HBSS 7 0.4071428 0.4182788 0.1580945 2.4469 0.0202995 0.7939862
TEP=-20, 7 0.6042857 0.3479395 0.1315088 2.4469 0.2824953 0.9260761

MED=Freezing sol.

Response Variable ACT
Group Variables TEP, MED
Difference (TEP=4, MED=Freezing sol.) - (TEP=-20, MED=Freezing sol.)

Descriptive Statistics

Standard Standard 95% LCL 95% UCL

Variable Count Mean Deviation Error of T*
of Data Mean of Mean of Mean
TEP=4, 7 0.3071429 0.4445115 0.1680095 2.4469 -0.1039617 0.7182474
MED=Freezing sol.
TEP=-20, 7 0.6042857 0.3479395 0.1315088 2.4469 0.2824953 0.9260761

MED=Freezing sol.

Response Variable ACT
Group Variables TEP, MED
Difference (TEP=4, MED=HBSS) - (TEP=-20, MED=HBSS)

Descriptive Statistics

Standard Standard

() 0
Variable Count Mean Deviation Error of T* 95% LCL 95% UCL

of Data Mean of Mean of Mean
TEP=4, MED=HBSS 7 -0.02571429 05107138 0.1930317 2.4469 -0.4980458 0.4466172
TEP=-20, MED=HBSS 7 0.4071428 04182788 0.1580945 2.4469 0.0202995 0.7939862
Response Variable ACT

Group Variables TEP, MED
Difference (TEP=4, MED=HBSS) - (TEP=4, MED=Freezing sol.)

Descriptive Statistics

Standard Standard 95% LCL 95% UCL

Variable Count Mean Deviation Error of T*
of Mean of Mean
of Data Mean
TEP=4, MED=HBSS 7 -0.02571429 0.5107138 0.1930317 2.4469 -0.4980458 0.4466172
TEP=4, 7 0.3071429 0.4445115 0.1680095 2.4469 -0.1039617 0.7182474

MED=Freezing sol.

snd8un



o)
=

Mg ol Ao AFEYHTE probeie] PCRY
troubleshooting®| "RsICH(Fig. 5).
DNAZt GotQltt7t Z0| PCRO| 0]
72 YYs| 212Y 2
L0 Q2o Ak olet ’8”*517“ Aot
QAN O|MELE PCR 7|=0| YUY
ol F=0| 755ttt A ZF T (Fiq.
1A, 2A). Freezing solutionOolL #9] Y&
ERYEHOIAM 23|21 DNA ZZ0| 2 TA| Y2
YRS #=CT(Fig. 3, 4), PMA-PCRY 2l2)9S
O 0 Yoot M3 28 Y U » U2 4e=
7|HEIT}. M. leprae®t |23 Mycobacterium
tuberculosis(Z%#) = PMAE 0|83+ YO
s AL D Tt

e ol HIsH FR 57t CURI2H, M. lepraeE
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Real-time PCR
using SYBR green method
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Fig. 5. Summary in this experiment
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B AJOME M. leprael HEIE O U2
YYOR BRUY £ QU 2L FANYBY NYS
SOl YQITt, 7|29 M. leprae® Y'Y
AFB staining2Ct PMA staining 2! real-time
PCRS A% 290| O 2HHOID PFoll YONE
HMUHQI HZYO| ETH Y7102 Y & U
M. leprae?| 1t Fo| sO{HTH, M. leprae’]
in vitro BHYY 2ol 7oy
7|CHECE.
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PMA-stained M. leprae was confirmed by real-time PCR. The results of experiments using
real-time PCR of SYBR green showed increase ACt deviation compare to real-time PCR
of probe method. However, Contrary to SYBR green method, probe method results are
unreliable because group of each observed ACt.
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