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A NUMERICAL TAXONOMICAL STUDY OF ARTHRCBACTER

M. F. MULLAKHANBHAT anp J. V. BHAT
Fermentation Technology Laboratory, Indian Institute of Science, Bangalore-12

NCREASED interest in the use of the com-

puters has led us to process the properties
recorded of a large collection of freshly isolated
cultures of Asrthrobacter (170 sirains) on a
IBM 1620 computer. It may be poilnted out
here that the present-day trend in bacterial
systematics is in the direction of recording as
many properties of bacteria as possible on their
morphology, physiology, nutrition and metabo-
lism. In computing the similarity between two
taxonomic entities, numerical taxonomy treats
all the taxonomic characters as of equal valua
and importance. This approach to bacterial
systematics has indeed yielded encouraging
resulis in the hands of many investigators.

Among the recently reporied investigations
on fhe numerical taxonomy may be mentioned
those ©f Liston,? Klinge,” Colwell and Liston?
and Lysenko* on the Gram-negative psedoomo-
nads and related forms and those of Focht and

R

L.ockhart® on the acterial taxa of both Gram-
positive and negative organisms, and of Hill,"

Pohja and Gyllenberg” Cheeseman  and
Berridge® and Sneath” on the Gram-positive
genera, The taxonomy of even Streptomycetes

has been examined by Silvestri c¢f al.l* and
Hill and Silvestri.!!  Numerical taxonomy of
the more difficult species as those represented
by coryneform bacteria hag also been carricd
cut more recently by da Silva and Holt'= and
Harrington.!3

The present report describes thoe procedule
craployed for compuler analysis of data recorded
for 170 strains of bacteria isolated from glycine
enrichments in this Inbovatory.  All the strawus
were  ddentilied  as belonging  to the  ecenus
Arthrobacter. A foew  strains,  estabhshed by
others  as those of Arthrobactor, were also
included  in this  study.  Various  charactors
employed in numerical taxonomy are recordedd
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in Table I. The methods employed for deter-
mining these properties were essentially those
recommended in the Manual of Methodsl4® and
reported earlier by Mullakhanbhai and Bhat 1516

TaABLE I
Properties used in the computer analysis

for numerical taxonomy of Arthrobacter

re—

1. Gram stain 23. Reduction of telluorite
2. Pleomorphism 26. Utilization of citrate
3. Fragmentation 27. Utilization of ammo-
4. Branching nium salts
5. iotility 28. Utilization of phenol
6. Surface ring in broth 20, o benzoate
7. Pellicle in bLroth 30. " asparagine
8. Turbidity in broth 31, ' glycine
9. Growthir NaCl at con-  32. Changes in bromocrésol-
centration of 5% purpule milk
10. Growth at 37°C. 33. Requirement of growth
11. Growth at pH 90 factors
12. Gelatin hydrolysed 34. Pigmentation
13, Starch hydrolysed 35. Acid from arabinose
14, Casein hydrolysed 36. " glucose
1b. Tirosinase produced 317. ' ralactose
16. Arginine hydrolysed 38, . rhamnose
17. Urease produced 39. . fructose
18. Catalase produced 40. s glycero]
19. NH, from peptone 41, " mannitcl
20. Trybatyrin hydrolysed 42, . sorbitol
2]1. H,S produced 43. ‘s raffinose
22. Nitrates reduced 44, . lactose
23. M.R. Positive 45, ' maltose
24, Indole produced 46. ,s SUCrose

il T

For computing percentage similarity (%S)
of each isclate in relation to all other isolates,
the formula used was:

NS

#S = Ng ¥ ND

x 100

where NS is the number of features in which
the two organisms were alike and ND is the
number of features in which they differed.
The analysis of the data was carried out in the
IBM 1620 and the programme followed was the
one kindly furnished by Dr. Colwell. Each of
the characters were punched on IBM code
cards as 0 for negatipe, 1 for positve and 3 for
not tested: 3 cards were punched for each
strain and for all the 46 characters. Thus a
total of 570 (510 for 170 new isolated strains
and 60 for the 20 established strains) were
punched, processed, and the data were got
printed on IBM 704 machine and arranged in
t Xt table to form a triangular matrix.
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The results presented in Table II are the %S
values for only 36 representative strains selected
from those analysed on the computer. It may
be seen from the results that the strains within
a group gave %S values between 95 and 100
showing a perfect matching with each other
whereas those for individual pairs of strains
for different groups were between 40 and 100%
showing thereby the diversity among strains
belonging to different groups. From the
triangular matrix it is evident that the %S
values between pair 1 and 9 is 629, between
1 and 11 is 69%, and 1 and 24 i1s 68% and so
on. Thus the symmetrical matrix provides a
ready reference to obtain %S values of any
palr of strains listed, Dbesides offering the
advantage that it can be used, as and when
necessary, to accommodate new entries in
appropriate groups.

The results presented here, when examined
together with the Arthrobacter systematics
worked out in this laboratory!'? on the basis of
recommendations of the Bergey’'s Manualls as
well as percentage occurrence of other
characters of taxonomic importance, have led
the authors to the conclusions that the genus
Arthrobacter represents a homogenecus group
and that Conn and Dimmick!? were justified in
bestowing the taxonomic status 1o the genus
Arthrobacter albeit it was done for the con-
venience of segregating the saprophytic coryne-
form bacteria from those causing diseases of
plants and animals.
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GENERALIZED MEAN-SQUARE AMPLITUDES OF VIBRATION AND SHRINKAGE
EFFECT IN LINEAR AND PLANAR AXYZ TYPE OF MOLECULES

K. VENKATESWARLU anp Miss V. MALATHY DEVI
Department of Physics, Kerala University, Alwaye-2

PECTROSCOPIC calculations of mean ampli-

tudes of vibration and shrinkage effects are «f
great interest in modern electron diffractioa
studies on gas molecules. In the present investi-
gation, the theory of mean-square amplitudes uf
vibration is applied to four molecules of the linear
AXYZ type and two molecules of planar AXYZ
and thelr generalized mean-square amplitudes
of wvibration namely, parallel and perpendi-
cular mean-square amplitudes and mean cross
products at 300° K. are evaluated for all the
bonded and non-bonded distance deviations.

The perpendicular mean-square amplitudes
are determined by DMorino's method.? The

molecular parameters, fregquencies, and Kkinetic
energy matrix elements are taken from
references (2; and (3). The parallel mean-square
amplitude values for these molecules have been
evaluated earlier.# 'The generalized mean-
square amplitudes evaluated for linear and
planar AXYZ molecules are reported in Tables [
and II.

The deviation in the distance between two
atoms from the sum of the distances between
the atom pairs composing it is called the
shrinkage effect. For linear AXYZ molecules,
using the perpendicular mean-square amplitudes
and by applying the theory developed by

Taere 1

Generalized mean-square amplitudes at 300° K. for linear AXYZ molecules (A42)

Mean-square -
Bond amplitade HN, DN, HNCO HNCS

B (A Z)%) 0-001471 0-001478 0-001426 0-001412
S {AX)?) 0-003733 0-003135 0-007302 0004549
{(AY)®) 0-000777 0000820 0. 000917 0-001180
((AZLX)) 0-000%12 -0:000253 - (+00003 —0-000032
(E&z ):; 0-001266 0-001279 0:00122¢ 0001586
_- ({ AX) 0004767 0-004590 0-003828 0:003435
Y-2 ({ AV 0- 000825 0-00088) 0000887 0-000728
((AZAX)) -~ 0-003096 - 0000’ 68 0+000003 0900001
((AZ)® 0-005526 0004025 0+ 005503 0005510
A-.X ({AX)Y G-01819%4 N-012°98 0-0228 8 0.027229
((AY)?) 0-000081 0-000087 0 -00008) 0:000125
((AZAX)) - 0+ 060587 — 0010353 - (0-001)04 —0-001489
({AZ)%) 0-003048 0+003172 0- 003164 0003244
X 7 ((ﬁx}=> 0-0001861 (0«000411 Q000202 0:-000185
o e ({ AY)R) 0- 000001 0-000001 0000000 0:000542
{(AZAX)) - +-D00174 - 0000150 - 0- 007023 — 0000057
(A Z)}D 0011190 0009797 0-012170 0012130
A v {%,&X)“) 0 -00°081 0-00+458 ).010456 0-813078
. ({ AY)3) 6+000356 0+000380 0000453 0-000537
{({AZAX)) ~ @-000681 — 0= 002583 — 0+007808 ~(+010446
({ A Z)) 0014760 0013360 0016050 0-017020
Y ({ AX) 0-DOFTT7! 0005782 04009339 0-011979
‘o ({AY)S) 0-000097 0-000104 0-000072 0-800014

({ AZA _XJ} —£ 661126 0-000145 —0:004334
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