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Diaminopimelic acid (DPA) is a component of cell wall of Mycobacterium, Rhodococcus, and Nocar-
dia. A comparative study of the uptake of radioactive DPA has revealed that these three genera have
different patterns of the uptake of this compound.

Test organisms were cultivated on Ogawa egg medium at 37°C for 5 days. The bacteria grown
were harvested and washed three times with a 0.99% NaCl solution. The bacteria were weighed asep-
tically, and 100 mg, wet weight, of bacteria were suspended in 4.0 m/ of a M/15 phosphate buffer solu-
tion (pH 7.1) containing sodium acetate (2.5 pg/ml) and 2,6-diamino (G-3H) pimelic acid dihydro-
chloride (25 pCi/ml). The radioactive DPA (3H-DPA) was a product of the Radiochemical Center,
Amersham, England (specific activity, 2.6 Ci/m mol; batch 40). The reaction mixture was incubated
at 37°C for 24 hours. The mixture was centrifuged, and supernatant was discarded. The bacteria
were washed three times with 5 m/ of distilled water, and fractionated according to the procedure of
Schneider (J. Biol. Chem. 161:293, 1945).

The bacteria were first extracted twice with 2 ml of a 109, trichloroacetic acid (TCA) solution
(Fraction I), and twice with 2 m!/ of ethanol and then once with 3 m/ of a boiling ethanol-diethyl ether
(1:1) mixture for 5 minutes (Fraction II), and extracted twice with 2 m/ of 5% TCA solution at 90°C
for 15 minutes (Fraction III). The residue was dissolved in 2 m/ of a 19, NaOH solution by heating
at 100°C for 5 minutes (Fraction IV).

A 0.5 m! sample of each fraction was added to 5 m/ (Fractions I to III) or 10 m/ (Fraction IV)
of a scintillator solvent, and the radioactivity was estimated by a liquid scintillation counter (Aloka
LSC 651, Nihon Musen Co., Tokyo). The scintillator solvent used was composed of the following:
Toluene, 1,000 m/; 2,5-diphenyloxazole, 4 g; 1,4-bis [2-(5-phenyloxazolyl)]-benzene, 100 mg (TDP-
1-SL). The radioactivity was expressed as disintegrations per minute (dpm). Total radioactivity
in a whole fraction was calculated by multiplying the radioactivity estimated by the volume.

The radioactivity from 3H-DPA was incorporated first principally into the Fraction II, which
contains lipids, and then moved to the Fraction IV, which contains proteins (Table 1). In this study,

the radioactivity in various organisms were compared at a stage, at which the majority of the radio-
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activity was present in the Fraction II (Table 2).

Comparisons of the radioactivity in Fraction II of various organisms are shown in Table 3. Rapid-
ly growing mycobacteria showed a large amount of the incorporation (60,650 to 1,217,900 dpm), whereas
rhodococci and nocardiae showed a small amount of it (2,648 to 44,570). An intermediate between
rapidly and slowly growing mycobacteria, M. flavescens, showed a radioactivity of in between these
above two groups. It is considered that the uptake of the 3H-DPA is influenced by the growth rate,
as DPA is a cell wall component. Comparison of the uptake would be meaningful, only when test
organisms have the same growth rate. Rapidly growing mycobacteria, rhodococci, and nocardiae
grow abundantly after incubation for 3 days, and are considered to have almost the same growth rate.
Difference of the uptake of 3H-DPA between the rapidly growing mycobacteria, and the rhodococci
and nocardiae would be considered as some difference of cell wall formation of these organisms.

In summary, rapidly growing mycobacteria took up more amounts of 2,6-diamino (G-*H) pimelic
acid dihydrochloride than did rhodococci and nocardiae. No marked difference was observed between

the latter two.
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Table 1. Time Course of Uptake of 2,6-diamino (G-3H) Pimelic Acid Dihydrochloride
into Various Fractions of Mpycobacterium smegmatis Strain 17032
Distribution of radioactivity (%) Total radioactivity
Time in hours .
Fraction \
I i i v (dpm)
24 0.8 92. 4 0.4 6. 4 11, 050, 480.
48 0.3 46. 4 3.7 49.6 23,262, 462.
Table 2. Distribution of Radioactivity from 2,6-diamino (G-3H) Pimelic Acid Dihydro-
chloride in Various Fractions of Rapidly Growing Mycobacteria, Rhodococci,
and Nocardiae after Incubation for 24 Hours
. B Distribution of radioactiﬁviﬁty} (%) Total radioactivity
Species Strain Fraction (dpm)
I I il I\ P
M. chitae 31004 0.6 95.6 1.7 2.1 13,774, 592.
M. smegmatis 17032 0.8 92. 4 0.4 6. 4 11, 050, 480.
M. phlei 14025 0.4 95.8 0.4 3.3 11, 783, 720.
R. bronchialis 50003 4.7 90.1 1.8 3.3 74, 416.
R. aurantiacus 80001 2.0 9.8 2.1 4.1 210, 114.
N. asteroides 23094 3.8 82.4 8.4 5.3 | 98, 284.
N. brasiliensis 23083 2.0 92.0 2.6 3.4 ! 131, 310.
N. farcinica 23040 2.9 91.4 1.9 3.7 ; 187, 540.
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Table 3. Uptake of 2,6-diamino (G-3H) Pimelic Acid Dihydrochloride into Fraction II of

Mycobacterium, Rhodococcus and Nocardia

Species

Mpycobacterium flavescens

Mjycobacterium chitae

Mpycobacterium chelonei subsp.

abscessus

Mycobacterium chelonei subsp.

chelonet

Mycobacierium fortuitum

Mycobacterium smegmatis

Mycobacterium phlei

Mycobacterium aurum

Rhodococcus bronchialis

Rhodococcus terrae

Rhodococcus lentifragmentus

(or Nocaidia rubra)

Rhodoceccus rhodochrous

Rhodococcus aurantiacus

Nocardia asteroides

Nocardia farcinica

Nocardia brasiliensis

Nocardia caviae

Strain

: ; Source

. number |
33001 ATCC 14474*
33021 ATCC 23008
33022 ATCC 23009
31002 ATCC 19627*
31003 ATCC 19628
31004 ATCC 19629
22011 ATCC 14472*
22012 ATCC 19977
22019 ATCC 23045
19009 ATCC 19235
19040 ATCC 23000
19043 ATCC 23030
18008 ATCC 6841*
18109 ATCC 6842
18110 ATCC 14467
17027 ATCC 14468%*
17031 ATCC 13011
17032 ATCC 23019
14022 ATCC 19249
14024 ATCGC 23042
14025 ATCC 11758
15001 NCTC 10439
15006 ATCC 23366*
15061 ATCC 25792
50003 ATCC 25592%*
50006 E 3413, M. Tsukamura
50019 E 3926, M. Tsukamura
70001 E 3603, M. Tsukamura
70002 E 3604, M. Tsukamura
70006 ATCC 25594*
23139 N 19, M. Ridell
23140 N 20, M. Ridell
23141 N 21, M. Ridell
40001 ATCC 13808*
40017 ATCC 4273
40019 ATCC 14341
80001 ATCC 25938*
80003 E 4409, M. Tsukamura
80004 E 4465, M. Tsukamura
23004 M 72, N. M. McClung
23006 M 93, N. M. McClung
23094 R 399, R. E. Gordon
23025 M 407, N. M. McClung
23040 M 111, N. M. McClung
23087 ATCC 23826
23012 M 145, N. M. McClung
23013 M 146, N. M. McClung
23083 M 199, N. M. McClung
23113 R 617, R. E. Gordon
23114 R 1291, R. E. Gordon
23115 R 1315, R. E. Gordon

Radioactivity in a
0.5 ml sample of

Fraction IT (dpm)

38, 140.
24,017.
46, 128.
995, 931.
1,217,911.
940, 844.
95, 329.
106. 512.
60, 650.
123, 121.
174, 539.
115, 396.
161, 366.
195, 630.
695, 920.
136, 111.
139, 820.
729, 420.
228, 179.
221, 580.
806, 620.
825, 406.
146, 141.
144, 233.
14, 790.
19, 960.
29, 220.
10, 070.
14, 530.
11, 838.
25, 208.
5,434.
4, 668.
12,074.
5, 100.
2, 648.
13, 779.
17, 620.
26, 220.
15, 030.
44, 570.
15, 788.
6, 340.
12, 250.
13,733.
23, 050.
12, 500.
18, 915.
18,915.
25,197.
18,472,

* Type strain
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acetic acid (TCA) % 2ml T2 B L, —hz [TCA
IEES] & Uiz, %\uT ethanol 2 ml T1053°> 2 [A]
i L, B diethyl ether-ethanol (1 : 1) JB¥ 3mi ¢
Bl <205 4 L, JE0 ethanol %5 & A LT,
THRHEEIS] & Lic, YizHi% 5 % TCA jf§ 2ml T90C
I To2EMM L, che MEBES ] & Lic, &%
=, W% 12 NaOH yg 2ml i finz T100°C 5 - in# L,
BRL, EAES] & L, YT, UEo4Esrs
Dy o I, 11, 111, IV @4 &,

K\ D 0.5ml % &>, scintillator 5ml (7272 L
WVESOBAL 10ml) wing, =oiuttes, BAE
$3#L liquid scintillation counter CJI%E L, ‘“disintegra-
tions per minute” (dpm) % 3 B > L f2, L 7
scintillatore DML, KDED TH 5, Toluene 1,000
ml, 2,5-diphenyloxazole 4.0g, 1.4-bis [2-(5-phenyl-
oxazolyl)]-benzene 100 mg,

ERERSSUER

M. smegmatis No. 17032 ¥kl & LT, SEGIC 1
DMBHEDE G EH D &, £1DOZE LT, 4B
Y, Tm92% % THE I @S EE DR, Ll o
DEF IR Lo TRIR Y, 48K fIBIZI34 IV E4
1250%, 2 11 E5ci346 % 2SR Sz, SH-DPA
HIEEDHR D TH S & 2 A bl L 51T, #
I E5ds O 1Ll (ksDk D TCA WEE S35 X
OBEFRIE 7)) V23R & A EADTI e ot,

iz, WEEICIIEIC X 2T, SH-DPA D&y~ nD
AV FTDENRHBNE S AR ThRDE, F2DED T,
SH-DPA k24, incubate L7z83&1Y, FOHE, &
TEThH, FAREDRIBMIE I EHZH ORI (FEL2),
Ll Eofzzns s, 3H-DPA & B & % 244 incubate
U7eshind, 8 ILES O B0 AR EY T~ &th
B EBNIDIDT, FEIC B L CThi,

7eks DPA 1%, MIfaBEOHEROMEI L e s 2, FE
DENETIE, YR, WMORAHIGEL, FEEDOEVET

%55 % H2E

W%

TEWEEZ DR, L0 THRERENMERAUHE
FEDHEA Lig\ s LR e EBbh b, 20k,
F 3R LUEHEIE, M. flavescens %\ ~C, 37C 3 BT
PERC XS HEEFL, BEREREWIIgELLT
WD, ToiE M. flavescens DT, /NIEEH CEE T RE
HIART OS5 BEMN D, XD FEEEL,

K3 DOHEREAHD &, REFEHE TR T 25 1L
B 5~ D3H-DPAEY h ;AL L, 60,650~1, 217, 911dpm
THHDITXF L, Rhodococcus %5 . 08 Nocardia <G, i
73 2,648~44,570 dpm TH B, TinbhbHEAE T,
Rhodococcus ¥s 3. 08 Nocardia iz}, 1T, SH-DPA OEH A
ZE MYAREE) 2FLLS, ok BH OB
M. flavescens Ti%, Z OfEILFY 24, 000~46,000 dpm T,
B OVIME GREFREEIHE) X0 4, MYRARZRID
83Dz,

o
L=} A

EEIEE W PLEEE, Rhodococcus 35 X 0N Nocardia @
2, 6-diamino (G-3H) pimelic acid dihydrochloride g b
ALAE (BTC24GE) w5 &, HRE TIXID
RBEMED2HI VR TH D, BD2E, Tihbb
Rhodococcus ¥ YO8 Nocardia DRI 1L, 223D LR
DT,
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