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Tre lkinetic eguation describing DNA-DNA  hybri-
dization, a versatile tool to unravel genetic related-
ness among various specics, is deduced from a semi-
eryicical basis.

Introduction

Though the study on the kinetics of DNA reasso-
ciation! has been carried out for more than a decade,
there has been very little progresy in the elucidation
of DNA sequence homology amcng related species.
This has been mairly due to the fact that the kinetics
of DNA DNA hybridization has surprisingly remained
a virgin field In this paper the Kinetic equaticn
describing DNA-reassociation is first derived in 2
slightly modified fyrmat from the one derived by
Britten eral.? and then it is extended to deduce the
more general case of DNA-DNA bhybridization.

Theory
{A) Reassociation

Before presenting the arithmetic of reassociation,
the symbols that will be used in the following section
is clarified below.

C, = Tctal concentration of DNA,

P = Length of sheared picces of DNA.

G = Genome length (haploild DNA content per
cell),

Reaction rate constant

Number of single strand pieces of DNA,

K =
N =

Other symbols will be defined wherever necessary,
The uniis of the symbols are sultably chosen so as to
maintain the validity of the equation concerned, This
is because we will be dealing maiply with dimension-
less numbers,

Meaningful study of reassociation kinetics can only
be done by fragmenting the DNA into suitable lengths.
Fragmentation, though not mandatory in case of
prokaryotes, is a must in case of eukaryotes, This 1s
due to the presence of repeated sequences in the latter.
Generally the length of fragmented pieces 1s of the
order of the length of the repeating block.

Fragmentation leads to the separation of the pieces
into two distinct classes : (1} Unique, (2} Repeated.
To begin with we have C,/P fragments and its distri-
bution i givea by

Co

—

P

{N“+(N1+N2+"‘NH)}% (1)

where N, gives the number of unique fragments and

Ny, Ny, ..., gives the frequencies of repeated sequences
per genome.

N:DW reassociation takes place due to bimolecular
collision of the two complementary strands,

thus — = — KN?,

t

(2)

The initial concentration of each unique fragment
1Is No wheie N, = C,/G.

Nu 4

' N Kdt 3
e j N2 f (3)
Ng >
or,
— N“
Nu =1 + KN, )

where N, is the number of single strand pairs of this
unique c¢lass which has not reassociated in time 1.
Since we have N, unique fragments we should have
N, equations identical to equation (4).

Adding these we have
N, . N,
1 + XNt

Fcr the repeated sequence of frequency N, the initial
concentration is given by N,

N“ rN“] _— (5)

where
Co
Ny; = N; * —.
0L e G’
Thus in a manner analogous 1o equation (4), we have
Ny

(6)

N, = ———2
1 - KNy ¢

where N,; is the number cf singie strand pairs of this
repeated class which has not reassociated in time f.
We should have similar equations for N, N, ....
Thus adding equations (3}, (6), ... we have

(Nﬂ' N“L -{_ Nll. + NEE + . N},h)
N, N, No1

ST+ KNor T 1+ KNyt
N

T ()
1 + KNy, ¢

Now L.H.S. = C/P = Total number of single strard
fragments remaining unreasscciaied in time # Alo

+ )

substituting the values of N, Noi, Ny, ... and
rearranging equation )7} we have
N
C__PN,_ N PN, (8)
Co G+ KCyt G + KN,C,s
=1

This is the kinetic equation that describes the reasso-
ciation of eukaryotic DNA.
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{B) Hybridization

DNA-DNA hybridization though a very powerful
tool to unreveal genetic relatedness among species,
find its limited use in the study of eukaryotic DNA,
This is primarily because hybridization in eukarvotes
1s complicated by the presence of repeated sequences,
S0 far to the best of my knowledge there has been Lo
theoretical basis for the kinetics of interspecies reasso-
ciation (hybridization) in higher organmisms. In ihis
section, utilising the methodolcgy developed in the
preceding section, the Kinetic equation that will
adequately describe DNA-DNA hybridization is
proposed,

Let the two types of DNA have concentration Cy
and C,, respectively., Hence the total concentration
Co = Cyy + Cpe. Now as in equaticn (1} we have

( z ) Co ©)
C{li ﬂ Cnl.
? == (Mu - Z M, (J'g (10)

where G;, G, are the ger ome lengths, N;, M, ar¢ the
frequencies and N, M are the classes of rteyeated
sequences of the two species respectively. Now homo-
logy may be in unique as well as in the repeated
sequernces.

Let H, be the number of unique fragment cornmon
fo both. Thus as in equation {3), we have for ncn-
homgalogous uvaique fragments,

(N, — Hy) Ny 1 + KN,! (1)
(M,, — Hﬂ) M,
P . r ~ l
(M, o Muy 1+ KM,? (12)

Again each homologous unique class has (N 4+ M}
fragments, so for homologus unique fargments we have

H, (N, + M,)
1+K(Nn+1‘~i})f W3l

{n case of repeated seguences, say there 1> ¢ conmunon
class which are homologous,

H,-Ha=

r.i-e-, Nl [ I ] N‘ﬂ ar-.d Ml L I Mﬂ are C{}nlmon
or,
Cﬂl Cf,g '
= — - M, ¢ (4
Ru] Nl Gl "{ Gi ( )

where R, is the total number of fragments cf the
first common class.

lHence

(15)
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where Ry, is the number of single strands of this
repeated class which has not reassociated in time 7.
Similar expressions are for the rest of the homologous

repeated class. Adding these expressions we should
have,

c

Ry,
R.,) = i
o) 2 1 + KRy, ¢

S |
For non-homologous repeated seguence we should
have

Ry + Rap + - (16)

e Doy (17)
771 L KN, 7
and
M,
M, = f 1 8
/1 1+ KM{UI ( )
where j = ¢ + 1,
Similar expression should be for the rest of the non-
homologous repeated classes,
le.,
N N .
D> s ) e
Jo=ci j=c+1
and
M M
My;
M, = !l 20
Z " Z 1+ KMy )
§=cd i j=c+1

Thus summing up equations {11), {12), (13), {16), {39),
(20), we have

C (N HH)N{, (M, -—H)M
P 1+ KNy¢ 1 + KMyt
I Hu (Mﬂ + Nﬂ) + _ Rﬂl
TT RN, + My / t + KRy, ¢
t=
B
N{ﬁ h’[ﬁi
+ Z LT RNy z 1+ KM,
{mmp4+1 ‘-n“-—i-l
(21}
1f the two DNA type is mixed in a ratio such that
Coi . Co
G, O,

then we have

Cos
Rog = {r+ Ny - M,) G,
and
Cu
Nﬂi e Ni ) E-‘l‘;

where == ratio of genome conceatration,
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Thus substituting the values of No, My, Ry Ny,
M., and rearranging equation (21) we have,

¢ [(N, ~H)r . (M, — H,)

—— A

c‘m Gi - l'(_ F{:‘;_l; G_*_h- +"KCu3f
=
— (r-}—l)H“ - +T_ A,
"Gy {r - DKCt | L, G+ KA Coet
i=1
= W
Y
+ - . .
2 GE 4+ Kerngf
f=c+1
§=="1
M,
m— - (22)
+ Gﬂ "'IL’ KM;_Cntf]
v=c41

where
Ai = (r‘ N* "]— Mt)'

This is the equation that describes hybridization, and
it is easy to see that reassociation is a sy ecial case of
hybridization, as equation (22) reduces to eqution (8)
when the two DNA type is equal in all respects.

Discussion

The utility of these eqQuations depends on whether
the unknown parameters are computable or »ot,
In case of equation (8), the unknowns (Repetition
Class and Frequency) can be computed using non-
linear least square fit method®, or by “ tnal Wmearizing
method ”  (unpublished result). Evaluation of the
unknown parameters of equation (22) cannot however
be easily done if we are working with two unknown
species. However if on the other hand the rereated
class and frequency of the two species are known
then H, and ¢ remain only the two unknowns. For
the evaluation of ¢ the simplest method would be to
put ¢ =0,1,2,..-N and see which of the values
of ¢ fits best into equation (22) at various C ¢ values.
This is factlitated by the fact that 1eassociation of
unique sequences occur when the reassociation of
repeated sequence is more or less complete. Thus
while evaluating ¢ we can take the first three terns of
equation {22) as constants and equal to P (r» N_4+M,)/
G.. For evaluation of H, we use late C,¢ values
where the last three terms equal zero.

Utilizing these C.t values, evaluation of H is simply
straightforward. TFrom the experimenters point of
view, r is a vital parameter, In fact this is the only
parameier that can be judicicusly varied to give diffe-
rent degrees of resolution in the analysis of sequerce
homology among various species. Optimum values
of r depends on the ratio of genome size of the two
species. Detailed analysis of equation (22} with
respect to r, corresponding to various degrees of hcmo-
logy among species, will be published elsewhe. e
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ANTIMICROBIAL PROPERTIES OF
THE ESSENTIAL OIL OF VATERIA INDICA

G. S. GrROVER AND J. TIRUMALA RAOQ
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University of Saugar, Sagar (M.P.)

Vateria indica Linn (Syn. V, malsbarica and Chlore-
Xylon dupada) ‘telongs to the matural order Dipterg-
carpaceae. 1t is distributed in the forests of Western
Ghats of India from North Kanara to Tarvarncore and
Tirunelveli at elevations wp to 4000 L, Vartous partg
of the plant are used for curing different ailments®3,
The oleo-resin is used as an incense in paints, varnishes
and m einiments. 1t is also used ag stimulant, dressing
for carbuncles and other ulcerations. In the present
Investigations the study of the antimicrobial activity
of the essential oil extracted from the oleo-resin has
veen undertaken,.

The oleo-resin when extracted by water and steam
distiflation has yielded a yellowish brown coloured
essential oil in 1-3% vield. Tor the determination of
antibacierial activity the “ Oxoid Nutrient Broth **
was used for making the inoculum and the media was
rrepared by adding 2% agar to the * Oxoid Nutrient
Broth”'. For the determination of antifungal aclivity
“ Saboraud’s Broth” was used for making the
inoculum and the media was prepared by adding 2%
agar to the * Saboraud’s Broth”, For determining

the antimicrebial activity paper dise diffusion method
of Maruzzella and Henry* was used.

The bacteria tested are—Bgeillus anthiraces, Bacillus
subtilis, Corynebacterium pyogenes, Escherichia coli,
Haemophillus influenzae, Klebsiella preumoniae, Pasten-
refla sp., Proteus vulearis, Pseudomonas aeriginosa,
Salmonella  pullornm, Salmonells newporr, Salmonella
richimond, Salmonella stanley, Salmonella typhimurium,
Staphylococcus aurens and Streptococcus sgalactipe.

The fungi tested are—Aspergillus flavous, Aspergilius

Jumigatus, Aspergillus niger, Candida albicans, Fusqg-

riund sp., Pernicillium digitotum and Ruizophus stoloni-

Jera,



