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Mycobacterium abscessus has been identified as an emerging pulmonary pathogen in humans. Previously, it was
documented that a spontaneously formed rough variant of M. abscessus causes persistent and invasive infection in mice,
while a smooth isogenic variant does not. However, little is known for immune responses elicited by M. abscessus
variants artificially induced by culture conditions and their culture filtrate antigens. Thus, morphological variants of M.
abscessus type strain (ATCC19977T) were generated by an acidic and low oxygen culture conditions. Overall
comparison between the variant and its original smooth strain showed that the rough variant was less virulent than
original smooth strain in murine bone-marrow derived macrophage. To understand the basis for the difference, the
protein expression pattern in the culture filtrates of each strain was analyzed by 1-dimensional electrophoresis. Generally,
the protein expressions were more influenced by pH conditions than oxygen pressures. Interestingly, several proteins,
mainly lower than 30 kDa molecular weight, were uniquely expressed in normal culture conditions. In contrast, several
high molecular weight proteins (>55 kDa) were induced by acidic and low oxygen culture conditions. These findings
not only provide new insights of association between morphological change and the virulence, but may also be useful in
the design of immunological diagnosis and vaccines for M. abscessus infection.
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1. Mycobacterium abscessus®| Hi| ¥

M. abscessus®] =T (ATCC 19977T)E 10% OADC
enrichment (Difco, Detroit, MI, USA)E ¥ 3}5}+= Middle-
brook 7H9 ¥i#| (pH 6.8) (Difco)= AM&3Fo] 3~4Y Fot
37°CollA AA] vt vl elS 13,000 rpmel Al 30
& s¢ dAEeete] 5% $- 10 mM PBS (phosphate
buffered saline, pH 7.4)2 33] A& 3}A ) 2+ pH 5.0,
6.0 B 755 At E ut W3 ¥ Watson-Reid (mWR) !
A 91A] (per liter: L-asparagine, 5 g; D-glucose, 10 g; glycerol,
63 ml; ammonium hydrogen citrate, 2 g; ferric ammonium
citrate, 75 mg; KH,PO,, 2 g; NaCl, 2 g; MgSO, - 7TH,O, 1 g;
ZnSO, * TH,O, 10 mg; CaCl, : 2H,0, 20 mg; CoCl, * 6H,0, 2
mg)oll M. abscessusE &g $ 71 (0, 21%) 7} &
Ahas ESE (0, 13%, 5% COy)lA 149 7k4] =] vl eFat
Atk At Gk fFRYoleE o] 8ake] A At
71t vk 2718 T-75 flask (Falcon, Franklin Lakes, NJ,
USA)°l mWR HIAE Y& & & JFste] 37C &
7] (Forma Scientific, Marietta, OH, USA)ol| A vl &5}
3, g akA b 2L Ak B9 2E e
(Forma) ol A 7Fx 2k B8 2d3le] 13%

0, 712 HjYstat
2. M. abscessus®| HIY ==&t FH|

M. abscessusZ pH 5.0, 6.0 2 752 =S HA3
mWR A wljx]ol] HF38e] 37T, 21% 0, & 13% O,
Zol A 14 FF wjFatd) vl 713to] s
13,000 rpm Y42 E S8l AHE S AAS AL vl

AR

e

PFISAE F2 F 022 pm membrane filter (Millipore,
Bedford, MA, USA)Z o3} "H3}2th YM3 membrane
filter (Millipore)E ©]-8-3] Zu|Alod =} (ultrafiltration)-o-
2 10 ml °oJ3l2 FEFIIF L HFTZHOZ 60,000 rpm,

10T, 347k Fe 2QARF F AN ol 5
84 WA £ F AT BEs] AL A7
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(21% O,), pH 5.0 ¥ 759} W& k4 % (13% 0,), pH
5.00014 v 2‘5} TS 7HIO 113] HiA] (Difco)ol] 455}
3~74 ik F e S v #FE3ITE M. abscessus)
FE| EAS 98] 7TH10 A wjA| oA wjgE FAE
Feld ] (IX50, Olympus, Tokyo, Japan) o 2 #H2H5}aL,
Hlaskalzl sh= Jeto] el sdd viES 4-8-st]

UAY FheEtR olw XS A9tk

4. O2A 24 22l 2ZAME (bone—marrow derived

macrophage, BMDM) Z=H|

6~85F% C57BL/6 v}H9-2~ (KOATECH, Pyung-Tek,
Korea)2]
medium (DMEM; Bio Whittaker, Taufkirchen, Germany)& ©]
43to] FHAEE AL F Shin, et al.o] WS WY
o] vk =5 ol SEAAE BMDM)E 2]kt
(26). °F=38tH, vh9-29] HEN-E duste] xIet
FhEs Zﬂﬂdﬂ, 18 Alo]A] mbzo] d® FA] ¢}

TZHH plain Dulbecco's modified Eagle's

plain DMEM S ©]-83te] AE25E =55 AFselch

A& o] gste] FFHEE FLsHA e &

strainer (Falcon)Z ©]83to] 77| HES AE & ZH
= 593 AE FEHAS 1200 pm, 20°C, 5 min 50+ Y
ARtEletoith A5 A7l F MEE plain DMEM=
o]-g3lod 13 M3l 10% fetal bovine serum (FBS;
Hyclone, Logan, UT, USA), 1% antibiotics (100 U of penicillin/
ml and 100 pg of streptomycin/ml; Hyclone), 5107 pB-
mercaptoethanol (Sigma, St. Louis, MO, USA), 1 mM sodium
pyruvate (Sigma) “12]3L M-CSF9] source® 10% 1929
cell-conditioned supernatant’} ¥ $+¥ DMEM H|A| & ©]
3t FFAEE 5%10° cellsml T2 F-FA17 48
well platee]] 500 pl® 53+ 3 37T, 5% CO, ZA)A
40 =o} ujekslalt}. 4¢) wjek & PBSE o] &a}o]
mechanical disruption®l] 2]l /35Nl F-fe AEZE= Al
As}al plate vFEr WOl F-2bE AXEE AUt 37CE
7423k plain DMEM HjA| & H-hg HIEOH %7}5& -
37T, 5% CO, &AM 1Y &
7} #7b8 DMEM ¥iA| =
mature BMDM 2.2 A-8-3}3i T}

5. Enzyme—linked immunosorbent assay (ELISA)E
0|23t AIO|EFIRIO| &F

abscessuse] AZL] FH|FYE HF FX 1 pgmlo] H
=% BMDMell A=38tltt. 4, 24 18|31 7241 53t
Wi FE AE v TS eppendorf tube® %A Hal
vortexingSFAt}. 15,000 rpmoll Al 3E3F A2 & 4
NS o} ELISA 2 A7HA 20TelA Easkyich
Mouse IL-12p40 set2} TNF-a set (eBioscience, San Diego, CA,
USA)E o]-&ato] AT &2 Alo]|E7IR1S SA 53T
RE 238 23] o)A wHESlY 1 HEAES 89 L

H 37 ]9l A1 background controlol| A A2 X E A A o}oﬂ
t}. Z} plateol] ] mouse IL-12p40+= 4~300 pg/ml standard
£ A3} 3, mouse TNF-a 16~1000 pg/ml standardS
AHE-3te] ghkagitt

o

6. MZE Lf MZF H|W (intracellular survival assay)

vk~ BMDM$ 5X10° cellyml FE2 F-FA1A 37T,
5% CO, Z7oA 4 59 48-well cell culture plate
(Falcon 3047; Falcon)oll 500 pl?] F-ZFA|Z T H-2HE 7]
o Al=ohOo pBSE o] &3l AAH T A|ASF L
F-2¥l BMDM AlZ7 FHste] Ao AREatiTh M.
abscessus = 7t Wi Z7EE FHISE] MOI (multi-
plicity of infection) 1:1°] %% ZAAIF T 4A1ZF 74
T AAEA B AT e 7S PBSE AlH 3t
AAs T e SFTE O]%O}Oq AEE A
71 = AE A ] el| A plate
i 3UA7bA] Blul vz

L
=
L

o

W2 5% bovine serum albumin (BSA) standard S
© 2 3}o] Micro BCA protein assay reagent kit (Pierce,
Rockford, IL, USA) % protein assay dye reagent (Bio-Rad,
Hercules, CA, USA)E ©]-235}4] Bradford method (OD=580
A S

8. Sodium dodecyl sulfate polyacrylamide gel electro—
phoresis (SDS—PAGE) &A

SDS-PAGE®] acrylamide 5%+ 315 12%, 3% 4.5%
o) A% ASEIT, WIYE BEAL AL T 30V
A 15 57t H719E 100 VoA wlAZE A

sk w7k 71953k tE AL Coomassie brilliant blue

R250 (Bio-Rad)® @Aa}qith. 2z} Ao ofw| A= gel
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Figure 1. Colony morphology of M. abscessus type strain under variable culture conditions. (A) Normal oxygen tension (21%) and pH
6.0, (B) pH 7.5, (D) pH 5.0 and (E) low oxygen tension (13%), pH 5.0 culture conditions affected the morphology of M. abscessus. The
smooth (C) and rough (F) variants were obtained from modified culture conditions after 7 days of incubation on 7H10 agar plate at 37C.

The arrows indicate rough variants of M. abscessus.
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Percent of Variants
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Culture Conditions (pH/Oxygen Tension)

Figure 2. The frequency of morphotype changes under acidic
and low oxygen tension culture conditions. In vitro conditional
culture system affects the colony morphology of M. abscessus.
Rough colonies of M. abscessus have mutated from smooth type
strain.

2. M. abscessus T=7t BMDM L MZ 53 H|uw

M. abscessus ZHH 3 g} ;}% W oAbE e 27
o ola ¥ Fe)7} W3lEl M. abscessus 252} Al
¥ Y AESH| B3 x}O]E

= g} 13}7] ¢35}, C57BL6
o Zt ¥FE HAINT F

=31} (Fig. 3). MOI 1:19]
HEE AAAR F 397HA] BlaskE o, 3 F 1
A7MA = 4744 Z71e] 9] BMDM Y] A&l A
RE 2 abolE HolA skt 1y 3ol At &
AEES s o SAHGS I dF # L #4)
o] 2AFES JAAS #F # 2, # 3)° v]3] BMDM
el A o Eo] AESIATE (Fig. 3). MOI 0.1 =2 2
Fol w5 AAAFS Aol sd3 AAE e
Ak (AHE 2z E JepiA &g9kth. BMDM ¢
S 7H10 34 wj|ellA] o] W FE WskE st
Al #1 D #4 %%%
# 24 #3 4F

ul$-2-2] BMDM& ©] 83}
BMDM W] AEES H|aL ¥

A FES Uﬁiﬁ‘r g ere] WA W=7F A vE
W (AaE 2ef e UEhA] sk,

. 1[—e—21% 0z, pH 6O

30X10° {|—0— 21% Oz, pH 5.0 X
2

2

J|—»— 13% 02, pH 5.0
—A—21%0z,pH 75
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M. abscessus CFU/2*10° Macrophages

Days Post-infection

Figure 3. Growth of M. abscessus conditional variants strains
in BMDM. M. abscessus # 1 (@) and # 4 (A) survive and more
actively multiply in BMDMs than M. abscessus # 2 (O) and # 3
(¥). BMDMs were infected with 2.5>10° M. abscessus strains
for 4 h. Bacterial cfu in cell lysates was determined at the indicated
intervals. Data are the mean of duplicated determinations of two
separate experiments. Data are presented as the mean = SD of
two experiments. Significant differences (*p<0.05) compared with
conditional morphotype variants are indicated. M. abscessus strains
were grown under each indicated condition as # 1 (@); 21% O,,
pH 6.0, # 2 (O); 21% O, pH 5.0, # 3 (¥); 13% O,, pH 5.0, and
#4(2);21% O,, pH 7.5.

et # DY =HPEE # 3)= BMDMOI| 714
3 4 24 2 72X BMDMOHAM Aol EFel
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FEEE AR f9
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T2AIZ A Z=H ol o]k ] free] HlE| iR
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o= §IT} (Fig. 4B).
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Figure 4. TNF-o and IL-12p40 production in BMDMs stimulated with M. abscessus conditional variants and treated with culture filtrate
(CF). BMDMs were infected for 4 hr with M. abscessus # 1 and # 3 variants at a MOI of 1:1, washed three times, and further incubated
for 72 hr (A, B). The CF was used at a concentration of 1 pg/ml (C, D). TNF-a and IL-12p40 were measured in culture supernatants at 4,
24 and 72 hr post-infection. Data are presented as the mean £ SD of three experiments. Significant differences (*p<0.05; **p<0.01)

compared with strain or CF of smooth variant are indicated.
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AR¥E 24A1F0) A TNF-a0] 79~ oF 2.5~100] 4] =}
o|F HOo|il, IL-12p40 ] T2 4, 24 H 724l A
oF 21 zko]E WA} (Fig. 4C, D).
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Figure 5. Comparison of the culture filtrate (CF) protein
profiles from M. abscessus variants grown under 21% O,, pH 6.0
(2), 21% O,, pH 7.5 (3), 21% O,, pH 5.0 (4), 13% O,, pH 5.0 (5)
conditions. The first lane (1) was loaded with protein molecular
weight marker. The CF proteins (30 pg of total proteins for each
lane) were separated by 12% SDS-PAGE. The gel was stained with
0.25% Coomassie brilliant blue R250.
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Table 1. Comparison of differentially expressed proteins under
variable culture conditions

*Compared with mWR-pH 6.0 (21%),

Protein bands change of protein expression in;
(kD) pH7.521%) pHS5.0(13%) pHS5.0(21%)

127 - 1 1

114 - 1 1

101 - 1 1
93 - T T
74 - 1 1
58 - 1 1
55 1 1
52 1 | l
48 i -
47 - 1 1
o - t t
41 ! ! !
39 ! ! !
38 - T T
34 ! ! !
33 i -
31 - l l
30 - l l
28 ! ! !
25 i -
22 - ! l
21 1 t t
20 1 | |
18 - - -
17 - ! 1
13 1 | l
11 - ! l

* Arrows indicate the expression levels of M. abscessus
extracellular-proteins cultivated in each culture condition com-
pared with those produced from normal condition (21% O,, pH
6.0). The up-arrow (1), down-arrow (|), and hyphen (-) represent
the increased (or present), decreased (or absent), and same (not
significantly different) level of protein expressions to normal
culture condition, respectively.
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