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The content of deoxyribunucleic acids (DNA) was compared in various mycobacteria by
Tsukamural, but, since the data were presented inadequately, it was desired again to estimate
the DNA content, applying a more appropriate method, in various mycobacteria and nocardias.

Twelve strains of 7 species of Mycobacterium and 12 strains of 5 species of Nocardia were
used (Table 1 and 2). The strains had been maintained on Ogawa egg medium at —20°C.
After subcultureing test strains on Ogawa egg medium at 37°C (Mycobacterium)or at 28°C(Nocardia),
growing organisms were harvested, washed three times in distilled water, and then used for
estimation of DNA, ribonucleic acid (RNA) and protein contents. Rapid-growing mycobacteria
(Table 3) and nocardias were harvested after incubation for 7 days, slow-growing mycobacteria
(Table 3) after incubation for 14 days, and very slowly growing mycobacteria (Table 3) after
incubation for 21 days. The organisms were fractionated according to the procedures of
Schneider® or of Ogur-Rosen®. The DNA content was measured by the diphenylamine reaction®,
the RNA content by the oricinol reaction®, and the protein content by the Folin phenol reagent®.
The estimation was made on three different samples and the results were expressed as ug DNA
per mg protein.

Influence of the Fractionation Method on DNA Content Estimation

The DNA content varied depending on the method of fractionation. Some species showed
similar values in both methods, while some showed markedly different ones (Tables 1 and 2).
It was noticed that the influence of the fractionation method be consistent in species groups
(Table 3). It was suggested that the effect of extraction agents on the DNA extraction be
correlated with some taxonomic group (Table 3). The difference of the DNA content between
the two fractionation methods would have been produced by either the use of hot trichloroacetic
acid (Schneider method) or the use of hot perchloric acid (Ogur-Rosen method) for extraction
of the DNA. The effect may be essentially related to the cell wall or cell membrane structure
of organisms.

RNA content appeared relatively low in the Ogur-Rosen method (Tables 1 and 2).

DNA Content in Various Taxonomic Groups

1. When observed in the values obtained by the Schneider method, the DNA content of
mycobacteria were considerably uniform, whereas that of nocardias differed from strain to
strain (Tables 1 and 2). Especially the content in N. polychromogenes was significantly lower
than the others (Table 2).

2. When observed in the values obtained by the Ogur-Rosen method, the DNA content in
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slow-growing mycobacteria was significantly higher than that in rapid-growing mycobacteria.

The content in M. tuberculosis and M. bovis was low.

The nocardias were grouped into two

subgroups ; one showing low values (M. polychromogenes, N. asteroides and N. farcinica) and
another showing high values of the DNA content(N, brasiliensis and N.caviae)(Tab. 1 and 2).

In view of the results obtained, the DNA content estimated using the Ogur-Rosen method
seemed to be more related to taxonomic grouping, and it was believed that the comparison of
the DNA content between two fractionation methods, Schneider and Ogur-Rosen methods,

contributes to the taxonomy of micro-organisms.

Mpycobacterium ¢ DNA (deoxyribonucleic acid)
AERCOWTE, i h B OBENS BN, SHE
@972 Rih 6 ORBHL ¥ 21T icbh T, i
FD—AY (% Mycobacterium o> DNA 44 &»: poly-
ploidy LBSREAL DI Licuh i w5 D § & iz,
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ELBFRYLO6 LW EBbRihbizi@ddhi b,
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& genus Nocardia 5 % 12 ¥k, 24 kTH 2, =
HhoDEHRIVTh 1% Mgz K RET 50
T, 1% /DI R H# —200C kR A hic, BER
BELTiY, E% 1% PMISEhicR L, RE L -8y
FREK T3 @k L, Schneider 33 # 721 Ogur-Rosen
&Y THBE L, SHEitk, Schneider OBMES, &
@A# 5, Ogur-Rosen o> DNA @4y, RNA @4, &
B#Es 2T, DNA i3 diphenylamine FEY iz
X b, RNA (ribonucleic acid) £ orcinol X I8 1z
&b, EE&X Folin phenol AEKY e X b, Th¥hk
BER LI, WERAA+DEXIZOWTIEMEL, 8
LI EBEDFHE L BRERE ¥ FICR L1, DNA
& ug DNA/mg protein & LTRLT, 7ok, 3ED
BB FNOEER TITicbh T 5235, Schneider gl
% & Ogur-Rosen gD HIEIXRI—EARiIc>\WT, —/D
ERL L TUThebhis

BITERM K218 2 O 1% M E AV B HZ,

THhOWBBKLIF R R ERTI2DTHD, KBREE
(X Mycobacterium 3 37°C, Nocardia i3 28°C ¥ L
Teo BX & B1DDOELNMEL S RENBOR, 2
Dl RBRINE L 7V B (W RS BURS ¥ e 44 %
FEA IRIE L 1) % BA 2, Tieb Y, Nocardia %5k
O M. phlei 3s X 15 M. smegmatis Ci(37 H, M. kan-
sasii, M. avium 3s X 1% M. scrofulaceum it 14 H,
M. tuberculosis 35 X 18 M. bovis (221 BH: L7z
b+ 5 Z & { Mycobacterium s Y 1% Nocardia
BBBEEL LT 2HEA MY L5 MBI
HBIRBEYAA TV, LL, ZoX5MEizEDy
Bz LB EZRO BN TIREV-OTC, BTIEARL
THEECOHMC R L TBE T 5,

HALE. 1% MIERCRE LB YA T TLE o
T, 27374 VRIZORTHET 5, Schneider =35k
Uf Ogur-Rosen :0RFEAEL LTHD O BEE 200
~400mg (¥ 300mg) DY L H, H¥7AMELE
ART, RBK 4ml ¥z TH5 AETHRLEL
TeHiHH X E 4 3,000r.p.m. 10 80T 5, Lilvis
TTHURAKY ML, Thi3E&Y;EL TRECL
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D, RELLEDOERY L B0 YB3, 1% M
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(4) U EDHME # iz 2% NaOH 4ml % in %,
100°C 1= 5~10 AL, HELHEMILT, [RAME
&1 &35,

B Eo@Esode, %EE 5 % DNA ¥ X vf RNA
olEERK, BAES*EAOKAERICHAV 5, K
BEBICADL L VWRHE, MY EEFHRL, KTER
EREYECTHIET 5,

Ogur-Rosen 3

(1) 5% *k%:BEHM 4ml T5 3 Yy 2 10HRD
ETo 2 BOMHE YA LT MNSREXMTRES) &
T+ %,
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(2) ethanol-ether (1:1) {# 4m! % fnx 3 SN
KIbAhH 2[4 M BT, Tic 95 % ethanol dm! ¢
10 5y Rkt 3 Bl %k D 3B+o LIEDORHIB Y& LT K
i) &3,

(3) 5% K& BHRXM 4m! T55 MmHi2@E, =
Dl FERUT 5,

(4) 10% BEFRM 4ml %0z KE (5°C) T 18 B§
Mm%, ¥ 10% XERERM L NL T 10 S
W32, LLEDMHEEXSL T RNA @4) 43,

(5) 10% BHi M 4ml % hnx T 80°C T 30 5 Mk
th 2, 2 @45DHEY 4L T IDNA) @5 &+5,

Table 1. DNA Content of Various Species of the Genus Mpycobacterium Determined
by Schneider Method and Ogur-Rosen Method

. Schneider Mi(v)r;;r—ilignzn o

Species #gDNA/mg prot;in RNITA‘;B)N;! #gDNA/mg proteirri;Nl?:}g’NA
M. tuberculosis Hy,Ra 109.5+ 5.4 3.80 | 97.2+ 4.3 0.79
M. bovis BCG 131.8+ 6.9 2.70 81.9+10.3 | 0.98
M. kansasii Forbes-84 90.4411.6 3.52 152.0+21.8 0.63
M. kansasis Bostrum D-35 91.4+17.2 3.34 135.0+27.3 0.76
M. avium A-T71 79.6+15.3 2.09 154.7+10.4 0.64
M. avium 3717 94.2+11.2 2.99 106.7+16.3 1.32
M. scrofulaceum P-5 115.7+ 5.4 2.55 176.5+14.3 0.62
M. scrofulaceum P-6 111.4+£11.2 2,21 177.3+41.4 0.74
M. phlei SN 101 97.0+ 3.3 2.76 70.2+12.6 0.72
M. phlei SN 102 124.6+13.0 2.43 75.3+ 4.4 0.55
M. smegmatis SN 1 106.7+14.2 2.63 87.4+11.6 0.57
M. smegmatis Jucho 98.2+ 7.3 2.85 79.2+14.5 | 0.67

The DNA content is a mean of three determinations on different samples and its standard deviation.

Table 2. DNA Content of Various Species of the Genus Nocardia Determined by
Schneider Method and Ogur-Rosen Method

. Schneider ‘ Ogur-Rosen
Species #gDNA/mg protein RN%\a/lIi.;)NA[ #gDNA/mg protein RNR:Aa/llif;’NA
N. polychromogenes M-1 47.8+13.1 5.22 | 35.7+ 5.8 1.18
N. polychromogenes M-6 53.8+10.8 6.27 | 50.7+ 5.5 1.51
N. asteroides R399 91.4+ 8.2 3.83 74.0+12.2 0.84
N. asteroides R#443(1) 108.0+14.1 2.40 | 64.7+10.5 0.62
N. farcinica W-3409B 75.4+ 4.7 3.22 55.4+ 3.6 1.14
N. farcinica R#3318 103.5+14. 2 2.21 \ 67.6+ 3.7 0.70
N. brasiliensis M-145 139.4+15.9 3.28 183.2+ 7.1 0.64
N. brasiliensis M-146 64.4% 9.0 3.95 | 58.0+ 6.4 1.65
N. brasiliensis R$405 187.4+ 4.2 2.23 ‘ 251.5+13.0 0.46
N. brasiliensis R $887 | 125.6+18.2 4.88 ! 133.2+ 5.1 1.11
N. caviae R$1291 129.9+14.9 2.96 i 176.3+13.1 0.72
N. caviae R$1315 90.4+12.0 4.57 l 97.44+20.6 0.82

The DNA content shown in table is a mean of three determinations on three different samples and its standard
deviation. Strains with letter M were received from Dr. I. Uesaka, Kyoto University, which had been the
collection of Dr. N.M. McClung, University of South Florida. Strains with letters R and W were received from
Dr. Ruth E. Gordon, Rutgers University, Strains shown as N. farcinica were received as N. asteroides, but were

identified as N. sarcinica in this laboratory.
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Table 3.

R Mus %eRn

Effect of Fractionation Method on the DNA Content in Various Species
of the Genus Mycobacterium and the Genus Nocardia

Relationship between the DNA content obtalned by
the Schneider method and the DNA content
obtained by the Ogur-Rosen method

Gonus or group Species

Very slowly growing ! M. tuberculosis

Schneider > Ogur-Rosen mycobacteria M. bovis
Slowl in ; M. kansasii
Schneider < Ogur-Rosen owly growing M. avium

Schneider > Ogur-Rosen

mycobacteria M. scrofulaceum

M. phlei

Rapidly growing

|
mycobacteria " M. smegmalis
Schneider =~ Ogur-Rosen Nocardia ’ N. polychromogenes
Schneider > Ogur-Rosen Nocardia t IA\; ;;'::i‘::gea’
Schneider < Ogur-Rosen Nocardia ‘ N. brasiliensis

N. caviae

(6) X 2% NaOH 4m! #hnx CTHEE 5~10 5
THEML, [EAES) LT 5,

(Ogur-Rosen ¥(F#: T, KRHABE S OMH <
chloroform HH DBEMEH B, L L Mycobacterium
Tix, chloroform #i%177r 5 & BNV HFE o 5L
TUBDORIENE L BH LD, = Dt , chloro-
form fhit @2 % 485 L T Schneider L B{LlD]IE M
EE’S:#K#] Lf:)o

BR&EIUER

DNA RAIE(d &S mEOME

BORIHRRIER I BLVE2I—ELTRLT, ¥
FTHEHIh 5013, DNA &I (ugDNA/mg protein)
M@ Schneider Hi# A\~ %2 Ogur-Rosen #:%
Buahic X2 TELLRAED, LhLEBEEEe
K IDT—EBOFEALEALNI-Z ETHD (%3)o

Mpycobacterium, *-3* Mycobacterium jz >\ Txh %
DIz, ## Mycobacterium |3 DNA JIEEicRIiF3T5
BEOVEBTIRCHIDENTES (K1 BIUE
3)o

M. tuberculosis ¥ X Ut M. bovis Ci3 Schneider ¥
DRIEEA Ogur-Rosen HEORZEM X h b A (M.
bovis BCG T3 t-test THEZ (P<5%) »&EDH K
Bo LT, HEXZDOKREIX t-test X b, EHREK 5%
DFTTHE£E%XTRT).

kOPL, M. kansasii, M. avium, M. scrofulaceum
T, Z DT Schneider DFIEHE D FHA: Ogur-Rosen
EOREMBL D /& Lo b, #HEk6 Kb, M.
avium 3717 %N LTS5 B BEEZNADL N B,

HITL, REOECHME T b b M. phlei &
M. smegmatis ¢, §ij#E Lit¥ic Schneider ¥ o f§ D
7773 Ogur-Rosen (DfE X b d K&V #ilk 4 kb M.

smegmatis Jucho ¥ st & L T3 RICAEENBHLR
60

L EOHBTHEEDED L hich>f-Dik 3K 14T
ThHEHN, ThoLEEENRL, S EIZVW2, ALA
F%RL TV 5,

Nocardia, Nocardia ¢, 57r@i:> DNA iRk
ETHEIEMIC LD T—EDHEA AL R (R2H
IU#E3)o

N. polychromogenes (2 #k) Tit Schneider 3 o M
EfiDJh Ogur-Rosen BoMEE L D L AX V- %
IRLIHVEEZETIZEV

N. asteroides 3s X U° N. farcinica Ci¥, Schneider
EORED I A Ogur-Rosen LOPMEM I H kK X
(BB AL LI HEEYTRT),

N. brasiliensis 3s X U8 N. caviae Tt ¥ iz Ogur-
Rosen D RUEED A A Schneider 3 DPME@F I D b
KEVDFIUTKEN N (K 6 £kch N. brasiliensis
M-145, R#405 s X 1 N. caviae R$1291 it HFEX
%/RL T Ogur-Rosen EDOPEEDOHHKE W 4%, i
DR TRETZRLL hichot:),

DNA o fisEfist Schneider 3% Ogur-Rosen i3
TREDFERL, BELAMECL=SHILHR, ®hET
IDEERMOMER IR DD EEbh 2, 2D 220%K
T DNA ot lea Rie 2 BRI, B X > TR
B IMRROMENRLD-®, Hov ML
2T DNA » BAE L OREARBA R Bicsdic ¥ OTRE
HENREZLR 5,

RNA SHBIBEOMEE L H ERAENZL A,
Schneider D #4% Ogur-Rosen 3L b § & RV
% %o Thid Schneider 3 -Cix RNA o fhisise=is
{eEERe R CfT e bh 3D/ LT, Ogur-Rosen #:¢
EBERR 18 BRMABIC X Bed L Bbh b, L



1969% 6 A

LAEDBRXR/UDE LIZARD BN TRV D TR
BYRBTIHICLEDD (R1xIVE28M),

DNA RAUEOHMRLICHNTIVS

E#hoZ & {, DNA &% & NEfHX Schneider iz
X 5HE L Ogur-Rosen iz X 28 & L CRILHDT,
TER A EZL DLENS D,

Schneider ¥z X 2B DOV TAh B &, Mycobac-
terium © DNA SHEIEEN X LTk H BHAEN
Pl ENERIh D, B 12K (7THE) T M
bovis BCG » M. avium A-T1 0 2 M ANNICEO S
530N L THEEEYRTE, BB ¥ LA
Vo (BRSO RRILEREK 5% DHIZAD
TERBRELLEZLNAIN, RADAGBHEAEMN,
%P DNA ey DNA § r—#<il i Lcll
EEADOT, T ESHEVESREL TLENRS
htwiBbh3)

Zhics LT, Nocardia TIXEBZEMNBILD, BT
N. polychromogenes 2 ko> DNA BHPic\OHER
Xhb, DO EkD DNA &3 N. brasiliensis M-146
D3 ~<TD Nocardia » DNA &zt T HEXE
¥RL TV %,

Ogur-Rosen B:DBIEETH B &, Mycobacterium 0
DNA 4F R}, REEBC ISR EL—HLTENDS
2X5kBbh b,

REOBLE M. tuberculosis 35 X 18 M. bovis &
i2—% 7L C DNA SHEERHER/N T REEED
th%EED M. kansasii, M. avium 35 L 08 M. scrofula-
ceum DEERIIEL, REOE M. phlei 5L UM.
smegmatis DEHFEIIE (R1)o HF2DF D6 KD
DNA 4FRIZ, HI1BFIVEIRCHL THEEY
RLTKTHD (F=12L M. avium 3717 L M. tuber-
culosis Hy;Ra ORI FANTHEE TIXILL),

—%, Nocardia Ci¥, N. brasiliensis M-146 721} % 5
HELT 2B hloh, B 18D N. polychromogenes,
N. asteroides s X U° N. farcinica i3 DNA & F &
NHEREL, 2 B 0 N. brasiliensis 3 X ¢ N.
cavige TIXLHLBHEY (R2)o

U EDIERMS 2B E, DNA ofiEk #icRE:
BEOT\5A%, Schneider gt X b §, Ogur-Rosen gD il
EEDOHH, HOSEF—EOBEREYRL, RICLL
5B bhb, ¥1- DNA OJiEEE&EOMIC, 58
0 DNA JIEE 5 x 2B LIERTRERKDVLS
Bbhb, le¥isbi¥, F@Eiko DNA QIS %
HREN, HRCIOT—ELTWB6 L Bbhih
bThs, DX BRIT, BRI OTHMEEEA
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M D MREH W7 B LAy, DNA LRE L OREAR
MWENRL D LNDEEDI DI, SHKEM I8
HEMAAC L OTRIT AW IV R O TR B
DB BDOM L Ll

L] - ]

1 DNA {70 glifasr ik & LT, Schneider
% (DNA e SHERERRIEA) L AV-52, ok
Ogur-Rosen #: (DNA fhHic ;B MMMAH) % Av-5
T X>T, DNA NEEN RSB, & OFHikoME
i, WKL >T—EBLTWA6 LS Bbh i, M.
tuberculosis 3s X Ut M. bovis ‘Ti% Schneider 3¢ DNA
BEMEA KL h, M. kansasii, M. avium 3s L 18 M.
scrofulaceum ¥ Ogur-Rosen 3Gk & /s %5, M. phlei
¥ XU M. smegmatis Ti3 Schneider 3Gk LB,
Nocardia i3 N. asteroides s X % N. farcinica ¢
% Schneider I CRIEEM K & 7t b, N. brasiliensis
3 X ¥ N. caviae T34 Ogur-Rosen 3 CRIEMEM
Kele DM ELIZKERRELNDN,

2. Schneider o> DNA J5Effiiz, Mycobacterium
TIXEM ERC L3220, EWGEUDEY R
Ltchs, Nocardia TiXEi#kZENKTHDIo HiC N.
polychromogenes » DNA S HEMNEVEEYRL 720

3. Ogur-Rosen y: o> DNA {2, Mycobacterium
TiX, BHDOE M. phlei 3s X 18 M. smegmatis TIE
{, BRHE O E\ M. kansasii, M. avium s X 18 M.
scrofulaceum TE <, RH DIERIZ B\~ M. tuberculosis
+ X M. bovis C{EH Dt —F, Nocardia i3 DNA
EHEBITXD 2B kP X h, N. asteroides, N. far-
cinica 35 X U8 N. polychromogenes 3 & \» {f #, N.
brasiliensis 35 X U¢ N. caviae 3\ ME %R L 1=, Ogur-
Rosen ¢35 htc DNA HOHHE O 55 By & B
RhHH ESIBbhls,
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