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Review Article

Exploitation of Culture Medium for Mycobacterium tuberculosis

Hyejin Kim and Sungweon Ryoo"

Korean Institute of Tuberculosis, Osong, Chungcheongbuk-do, Korea

The culture media for Mycobacterium tuberculosis (MTB) were contrived from both egg-based and agar based
ingredients. In 1903, Dorset introduced the first egg-based medium. It was followed by the invention of Lowenstein-Jensen
and Ogawa media that contain whole eggs as nutrient and malachite green to inhibit the growth of contaminants. These

media have been used worldwide for their usefulness and inexpensiveness. However they have a fundamental disadvantage
that the cultivation time for mycobacterial growth takes more than 4 weeks. In 1947, Dubos introduced the first agar
medium and followed by the invention of the 7H10 by Middlebrook and Cohn. A powder base of these media contains

agar, combination of seven salts, L-glutamic acid, pyridoxine, biotin, and malachite green. This requires the addition of
the oleic acid, albumin, dextrose, and catalase (OADC) growth supplement. BACTEC MGIT960 has recently been
introduced for rapid cultivation of MTB, which is fully automated liquid culture system with modified 7H9 broth.

Agar-based medium developed by Middlebrook has a number of advantages over egg-based medium. One of them is
transparency, which enables earlier detection of growing colonies. The major disadvantages of agar media are the high
cost of OADC and the need for a CO, incubator. In conclusion, there is a need for a new agar medium, which can be

produced at a lower cost and earlier growth detection. In this review, we introduced the growth promoting factors which
can be used as an alternative new growth supplement, cAMP and resuscitation-promoting factor (Rpf). These factors
may abrogate a lag in adaption of the bacilli in culture media.
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A13E 35,.84575(75.8%), AL 5,62478(11.9%), 71E} 2,80273
(5.9%), A4 1,775 (3.8%), T& T A= 8697H(1.9%)
T oItk A 55 FFE Folg B 20091 2liL
A A= 109k B9 7358 0% 2001d 72.18E Y ST}
shlom, A 27X R A, T T AeE, Ade
2001130l H]&] Zadls FA1E Holal Tt (2).
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1) HER| ZHEE =7 CHA
18821 Robert Koch7} A7
ol dNe SuAA A

B2 &Sdfol= Feks

i Fol Ad-gekqlaL,
21 % peptone, salts, glycerol 5 FAIZ) petri-dishZ A}
83to] W)} ebdAdS S7HAIZ] "plate technique" o]}
a1 g ajeRe APEEisitt (3). oF 20§71 1902
d 1S5 5-(US Department of Agriculture) 22572] ¥}
ZFQ1 Dorsetell Jal] A go] Aol . FF beef extract,
organic phosphate, &% 5& T/ O% 3= Dorset's egg
medium®] 71E AT (4). 1908\ F-E= A1) T3}l
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Aok A9 welzk AgEgis, GA ol g
MASE $AY Ae A WE]H W] e 2
AL ok Qdgick olH @ BAME s S,

193413 Dorset=> ZA37to] FAsk=d a3t dAhgo
2 AME-E]= beef extract )41 asparagineS “d7}ste] H]
SolH Wkg-& Aok vixE Jdste] ARSI (5).
I $o % egg-based MR = A &H o2 JE o] dA
de] AFE-H 3 & Lowenstein-Jensen (L-J) HIA], Ogawa
HiR] e 74A] o] 2A] w ek AA] f-gluetell A= Adt
o wieF} ofAlZAd AN Ogawa WA 9F L) WiA &
de] ARg-skaL vk

2) Egg—based HiX|

L-J wjA]e} Ogawa HlA|Q] 7N Hl7HES AHHH
Lowenstein, Sonnenschein, Hohn 5-2] V| AAESIA =S A3
T ol9le] v wAEe S oAsH7] 918l Dorset's
vl <]oll Congo red9} malachite green 52 7}sle] A&
3Tt (6~8). 19321 Jensen< 7]E2] Lowenstein HIA]
AE-of citrate®} phosphate $HES =
7VeA] ¢+ thAl malachite green A% FS F7lele
WA o2 wiXE Akl 9), olelg S AA
AA et ofet dAAAA o2 de] ARE-E AL
U L) wiA7F eAsHA EAvk L iAo A
Table 137} 2t} (10). 22 5 19493 A 9] Ogawa WAL=
L-J wiAjel A ghaagl o2 ARE-E= AJE<] asparagine T
2ol 714 o] A= gF sodium glutamateS 3 71$+ Ogawa Wil
A& N33l Ogawa <] 9] 4382 whole egg®} &
2919l sodium glutamate, 12|31 Ft2] 293 A|ASH]
$1%F 2% malachite green 2.2 ©|Fo4 9lal, KH,PO,
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gt ~2EYAE S&eed & 283 94E A8k
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Media for Mycobacterium tuberculosis

Table 1. Composition of both Léwenstein-Jensen and Ogawa
medium

Lowenstein-Jensen medium Ogawa medium

Potassium dihydrogen Potassium dihydrogen
phosphate anhydrous phosphate anhydrous
Asparagine Sodium glutamate
Magnesium citrate Malachite green

Magnesium sulfate Homogenized whole eggs
Glycerol
Malachite green

Homogenized whole eggs

o), 7tE 2=7F wjR o] FAES A3t
283 Et} (10). Ogawa HIA| 9] T4
A2k

3) Mycobacteria 3 Y= HiX|

Aald ol Mycobacterium < XEE = A F
o] vfai el whel Zpzke] Fof AgiFxzde] sk wijA| 9
7o) ojoj Rtk &t o2, o] mycobacteriax= L-J Hi
Aol A B0 2 glycerol S AHES=U, M. tberculosis
complex (M. microti, M. africanum, M. bovis, M. tuberculosis)
Zoll A M. tuberculosisE A 9]s+ YA 3% glycerol-S
pyruvate® ZEA17]5=H] 83 pyruvate kinase”} 2 o] 5]
o] 9lo] BAYO R pyruvateEs H71E F AS O =2
AEES BRItk A3 BHow AL Qe M. bovis
i glycerol®] = WA A in vitro passageE
soto] AWHA Rl L) wlj Aol M i v FE X R, 5
M Eo] & UdolMs AAE LI wiAe] bt
P M. boviseE MY T fle B9 T T
At Az o (10). olef 22 ©S Hekshal
M. boviss 33 wigatr] $13l glycerol W21 0.5%
sodium pyruvate® 718} M bovis 5o & A= =
+ Stonebrink WX 7} 7= AT} (12).

I %= M. fortuitum, M. abscessus 5°] A3ES
Folsl= JZE o]83F] LJ HiF|ll sodium chloride S
A7ret A= 7} A= ATk (13). NTM (Non tuberculous
mycobacteria) 7FF o] Eolvtal = AAIFQ] FAS 7
st wf AdtS EFehE TR mycobacteria 5
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4) Agar—based HiX|

Egg-based HI#] 715 ©]% 194513 Dubos9} Middlebrook
< Adre] e ] AES 93l agar-based LA HY
Z]<1 'Dubos Oleic Acid Albumin Agar's 7)&al3l=tl,
o] Wi 195819 Middlebrook®} Cohnell o]} 7l
TH10 3HHujA 2] A7} F At} (14). Dubos Oleic acid
albumin agar'®] - AAYPoE ALE-E = peptone}
asparagine©. 2 T E o] 9l om njx]2] pHE disodium
phosphate®} monopotassium phosphateE- ©]-83}o] 43t
o} 1 Qo] AAER QAAFE Tween 80, oleic acid ester,
bovine albumin &= 7 7}5h=d], Tween 80+ A'HEA
A= Agste] dd-S A S ST &
Aol Bl o 2 o] 93kS 1Al (15), bovine albumin
Tween 80014 AAE = FAEZQ free fatty acid 5 &
skl 942 Fk (16,17).

Frste, A€ 5 25 A=t Avd =
ok = QUoIA] 7159 egg-based iAol H]E] £
Aol jF7IhS GEAIE 7 Ak 7159
Hjg713ro] 67 AE= 7] widol] miAldlE =
2 Azt de A, AR F& AEZAA Ao ds
7Fsd o] =41 'Dubos Oleic acid albumin agar' ¥l %] =
A& 5 o] wiR|ellA Ak o] HevolE T
U= o] vk

©] % Dubos Oleic acid albumin agar'= BCG WA 5=
o] BETY S0 vk R HY ol
AREEQITE o] viA| 7} JiEE GA] ARt AEE 2

T rbel] yEE 5 gl A

il

= ae 87149) Ao

A

—

ar, o] A7 ke 2 = SOl TimeA| ol 'The greatest
contribution to TB research since Robert Koch first isolated the
germ itself in 1882' Efi= Al&F- o= VA A7 % &9
o} (18).

5) Middlebrook 7H102t 7H11 agar

7H10 -4l #]3= Middlebrook?} Cohnoll ©]&f Z 3+t
o] AE FAN7IAL BAEAS FIAATE oleic
acid®} albuming H7Fste] JHFgE vt} (19). o] wiA|=
Ao Algh=d B s Ui 7FAY] salts@t L-glutamic
acid, pyridoxine, biotin, sodium citrate, malachite green®] 3
st o] 913, sodium citrateE 751 saltse] STE &
o|3tAl SFATHTable 2). 1 o] <ol €rAR1 glycerol ¥}
A QAAE Hrhgih Al AlREaL Qe
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Table 2. Composition of 7H11, 7H11 agar, and growth supplement

HJ Kim and SW Ryoo

7H10 agar medium

7HI11 agar medium

Growth supplement (OADC)

Ammonium sulfate
L-glutamic acid
Disodium phosphate
Sodium citrate
Monopotassium phosphate
Ferric ammonium citrate
Magnesium sulfate
Pyridoxine hydrochloride
Biotin

Malachite Green
Glycerol

Agar

Calcium chloride

Copper sulfate

Zinc sulfate

Pancreatic Digest of casein
L-Glutamic acid
Disodium phosphate
Sodium citrate
Monopotassium phosphate
Ferric ammonium citrate
Magnesium sulfate
Pyridoxine

Biotin

Malachite Green

Glycerol

Agar

Oleic acid
Bovine albumin
Dextrose

Catalase

of

fraction V), dextrose, catalase (OADC) 5= T4 o2 3}
I T (20). R Z42Re) S AR, oleic acid
= Adre] giaERE o851 albumine HA3EAR
FE AdS Bk S s dextroset oA
Yo7 AFREAL catalase™= HIA|2] 54 peroxideE -3
ot S Itk THI0 Ak HS2g Al7]ell THY
NA 2|7} A= A=, THY AA A= 7THI0 gHd vl
28] A T S AlQlstar el At s 5
ZIA17]17] 9130 polysorbate 805 F7FFATh (21). ©]o1A]
1968\A0l+=, Agzxdo] 7hvt2g st wgatr] ¢
3l caseine pancreatic digestiondt 7H11 HJA|7} 7]¢E] S
o (22).

6) XIS HIF A|AE

H FHQA o7 Aol A% 78kl = BD
(Becton Dickinson Microbiology Systems, Sparks, MD., USA)
Aol Adyt AHs vl A|22ElQ] BACTEC MGIT960
(Mycobacterium Growth Indicator Tube)2] 74-9- 7= 7H9
AMA YA S 7] H o7 A}gslal gl o L-J9F Ogawa Wi

Aol mlel w7 SS5AA 7 vk Aol Stk

MGIT960°] AF8-% HIA]= 7H9 broth baseol] 233t 4
Z=7A|Q] oleic acid, albumin, dextrose, catalase, poly-

oxyethylene stearate (POES) &S 7531 th MGIT tube

£9] v = 10% CO7F FHrElo] slom, dAEd
E3A?] PANTA (Polymyxin B, Amphotericin B, Naladixic
acid, Trimethoprim, Azolcillin)E AF§- %ol H7}sto] A3
o] opd Fhte] A ofAlgth o] AlxEle HE 9
= 2714 Ml Aol AebAA AFAE AH|EE
Al =31, fluorescent indicator®} Z3HE A7) ARLE O
quenching=|AA] AuE-g-o] LpERbE o] WhAlREg-o] 2}
T HUEE gx)ol daHr) (23).
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< nonreplication FENQ] FE7]d o7t A3& &
Hrl Wayne 52 2FAh9} o] F
a7 0] nonreplication B2 E017l= A& ST}
o] g A At TGl d S Fusta

37E HEs Aol HEHAT (34, 35). A3t o]2]¢]

o2 Mt FolA, Actinomycetales (Micrococcus luteus,

=

I

o)

o

o

9
2 =y
IR

NN
>

Rhodococcus rhodochrous, Mycobacterium tuberculosis)ll <5
8F= Micrococeus luteus'= AAFEA3710 Jodito] =
B A AE7) AR Sol7 ik 3]
o M. luteus= WFRE W HeHe A E=t BE
M. luteus’= 5271014 2] AEE<] 100%EFaL 7HE 3
S, ARG NAE 4~10%2] BEES Bl
a8, ol AR Aol A M. luteuss DFEA7)
o] Aeds HAHE A5 8ol AgAsE dojut

dehs dAdstar 349 43S ASshs Ao] By

=

ATk (36, 37). ©] A@AA M luteus] Rpf (resuscitation-
promoting factor)eh= T o] FHT7)9] -5 D3]]
v A4S Aol W K=, Rpfe M. luteustRY
olUZ} M. smegmatis, M. tuberculosis?| <] = picomolar &
L2 485 B A4S A8 AL Ue Al
= deAt (38). QY] A 2EH 2 FA0NA

341 M ASbAANA M. luteus
o] Rpf 570 A= Ado] BARE Aoits AL Al
now, AR ohe} Ao M Aol A7
S ZAAZ F AthE Bt Tt (39, 40). Rpfs oF
16~17 kDa ©9AR G+C FFo] H& 1S,

o

streptomycetes, corynebacteria, mycobacteria 5° @2 &

A3kl Rpfe= muralytic A8 7FA| AL QlojA] A|EH 9
NAG (tri-N-acetylglucosamine)®l] A3sle] &3)| Sttt (41).
Rpfi= A3l AlxHe] JE =27t 23] NAG

= 3okl AlEH 9] remodelings f=shal 942 G

FEH o] 8olsH & AR FAET A3
AAEETE =9 olf F shvbe AWAERE EeARl Al
FHo| 93 JUEH ] uptakeol] HofE= 2Hg-517] u
wow FAE =, Rpf S b 9 A2d
Feaol o]FolA s FXINZ o= oidct A
A2, Rpf THl Ao A muralytic 84S 717 domain®] A
g Bl w79 A9, Rpfel APER e At
AR AMLS @) Rp} o & RS 2kw glrhe
A& AT T3 Rpf B AER QAR
Ve A9, A FANE S8l A Aok #Ee
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S SN G S Blolth Hekadl AdgkAto) A
el A3 A kAol mFEo] AEFH| ¥
oA A& 7hsAel 7] wiel o] A-5-ol% Rpfe
7VshA Aalgre] AAEEE gaH o ZXAL & ¢
S Flojt). AEx o2 RpfY 75S HIE u FE
7% Bol7kr] Ao Adrint ozt Antujle) A 2

55 SV Aew Ve
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