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ABSTRACT

LEE_, Min Jai zad LEE Young Nock (Seoul National U. Seoul Korea)— Ef Jects of ultraviolet light and
nucleic acid c_ieriyat_z'veé on the reproductive vate of Azotobacter Kor Jour, Bot,, 3(2): 1—5. Illus, 1960 -
Aczotobdcter 1s izolated from soil and its purified species is identified as A. chroococcusn, The survival rate
of Azotobacter irradiated with UV light is measured, and the reproductive rates of tlrle survivals are caleulat-"
ed. In general, not only the survival rate, but also the length of the generation time of the survival progeny
is inversely proportional to the irradiated dose of UV Jight. The reproductive rate of Azotobacter is increa§ed.

with the exogeneous treatment of nucleic acid derivatives,

INTRODUCTION

Although the mutagenic effects of UV light have been studied by many investigators, these studies were
mainly on the gene analysis of the inherent characters, and there have been no extensive studies on the effects-
of mutagene to the gene population of the individual, in connection with the protective problem,

If it is true that the inherent character reveals as a result of the metaholism, and that “inheritance is chara-
cterizable in terms of transmission of control of relative rates of biochemical reactions within complex and

interlocked metaholic patterns”,” it is probable that the long or short of the lifespan of an individual, which

can be demonstrated as a result of the extensive and correlative reaction velocity .in the metabolism, depends.
upon the result of the active collaboration of the totality of genes that together make the individual a functio-
ning whole.

In these points of view, to clarily how to reveal the action of the mutagene to the gene populations of an ind-
ividual under the constant circumstances, this work has been madé of the effects of UV light on the reproduc-
tive rate of Azotobacter which is isolated from the soil by author himself, And the study has been also made
on the variation of the generation time resulted from the exogeneous treatment of nucleic acid der-ivatives to

clarify the phenotypic variation under the different circumstances.

ISOLATION AND IDENTIFICATION OF MATERIAL

The material is isolated from the soil, collected at Kwangnaru, Korea, July, 1959, The procesure of isolation.

is followed by Beijerink’s method,® and it is purified by plane agar method,® The method for the identifica—
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Table 1: Identification Test of Azotobacter chroococcum
TESTED MAIN
NETHODS CHARACTERISTICS IDENTIFICATION
red Co : cancord with the characteristics of
Iodine staining 3-6u in length Azotobacteriaceae
Gram staining negative ’ - P
Mannitol broth culture white sediment &
‘Gelatin stab no liqufication &
Litmas milk becoming .clear in 10 to 14 days &
Mannitol salt agar no immadiate color change %

concord with the characteristics of

round shape, white celor later
A. chroococcum

Mannitol colony
became brownish

Nutrient broth
PH test

no growth -

no growth in acidic media 2

‘tion test of Azotobacter and the main characteristics of it are summaried in table 1, It is distinguished from
A. agilis in that there appear brownish colour in old cunlture, and that it does not grow in nutrient broth,
And it is not A. indicum for it does not grow in acidic media below pH 3.0, As a result of these it is iden-

tified as A. chroococcum.?
METHODS

Azotobacter chroococcum was used as malerials in this study. It was suspended to be about 10® bacterial
numders per ce in 0.85% saline solutions from agar culture. Each 0.3 cc of this suspension was transferred
and spread evenly in petri dish and was irradiated with UV light,

The irradiations were performed by means of a Mazuda’s germicidal lamp from which above 90 percent of
ultraviolet radiation was in the region of 2537 A, The lamp was operated 15 minutes before exposing cells at
a distance of 20 cm: the potential was maintained at 100 Volt,

The irradiations were conducted at room temperature and photoreactivation®,” was minimized in this work,
not irradiating with visible light during the irradiation period.

The composition of culture media used in this work shows in table 2, and the pH of media was ajusted at
7. 8. lrradiated Azotobacters were inoculated in 30 ec liquid media in 200 ml ‘capacity Erlenmeyer flask, and

cultured in light chamber maintained 28° C,

Table Z: Chemical composition of media
Media Composition

Mannitol 15g
L HPO, 0.2g

Basal Medium (Lipman) MgSQ, 0.2g
Cacl, 0.02¢g
Fecly (10%) 1 drop
Distilled water 1000 cc
Deoxyeytidylic acid 10mg
Deoxyadenylic acid 10
Thymidine 10+
Deoxyguanosine 10«

DNA Derivatives-enriched Medium Deoxycytidine 10#
Deoxyabenosine 10%
Deoxyguanylate-Ca 0%
Calcium thymidylate - 10#
BRazal Medium 1000 cc
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Cytidylic acid 10mg
Adenylic acid : 10e -

Uridine 102
) Guanosine 10 =
RNA Derivatives-enriched Medium Cytidine 104
- : Adenosine 102
Guanylate-Na . 10 #
Uridylic acid 102

Basal Medium | 1000 ce

The calculation of the survival numbers of Azotobacter irradiated with UV light was performed by counting
the pumbers of the colony formed in agar media of petri dish, in which the irradiated materials were inocula-
ted by dilution method. And the bacterial numbers were calculated by Thoma’s Hemacytometer when the cul-
ture proceeded above 10° bacterial numbers per CC. -

If one assumes that the number of Azotobacter (a) in ihe inoculum become b for any generation thereafter,
the formular becomes b=ax2", where n is the number of generations, When the generation time is constant,
one can determine the average generation time during the same interval by substituting for n in the equation
G=t/n, where G is generation time and t is time elapsed:

— L ]Dg_Z
log b—log a

To determine the generation time of Azotobacter in logarithmic growth phase, above equation is used,

EXPERIMENTAL RESULTS

Survial rate of Azotobacter by UV light irradiation shows in fig. 1. In general, it seems that the survival
rate of Azotobacter deécreases as the irradiated dose of UV light increases, and the lethal effect of UV light
does not decreases even in the RNA derivatives or DNA derivatives enriched media,

Although the lethal rates of Azotobacter by irradiation increases at the same proportion of irradiated dose,
the culturing period for the constant bacterial turbidity varies irregalarly with the jrradiated dose. These phe-
nomena demonstrate that the reproductive rate varies with the irradiated dose, and the actual result of caleula-
ted reproductive rate of Azotobacter shows in fig, 2—4. As the fig. 2 is showing, the reproductive rates of Azo-

tobacter in logarithmic growth phase increase at the same proportion of irradiated dose of UV light.

Table 3: The Variation of Generation Time of Azotobacter in the Logarithmie
Growth Phase under the Different conditions, (hours)
e Dose of U-V
- Light (min.) Cont., 2 5 10 20 30
Media ——
Basal ] e 7.20 6.19° 7 4.33 417 3.90
RNA, derivatives-enriched 7.94 5.77 5.41 . 3.61 4.33 3.41
DNA derivatives-enriched 6.50 5,49 4,49 3.21 3.05 2,62

The generation time of Azotobacter in the logarithmic growth phase under the different circumstances is
tabulated in table 3. It is shortened as the dose of UV irradiation increases, especially in DNA derivative or

RNA derivatives enriched media rather than in basal medium,

DISCUSSION

The result of the survival rate of Azotobacter by the UV light irradiation is somewhat similar with the
result of Demeree and Latarjet? in E, coli. Although the survival rates of Azotobacter do mot vary im the DNA
derivatives or RNA derivatives enriched media this, of course, does not mean that the survival rates of Azot-

obacter do met vary, even though any amount of nuclecside are enriched,
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Fig. 1 : Survival rate of Azotobacter irradiated with ultraviolet light,

Fig. 2-4: Reproductive rate of Azotobecter under the different conditions. Number indicates irradiation
plot in miniute, (Fig. 27 in basal medium. Fig. 3: in DNA derivatives énriched medium,
Fig, 4 : in RNA derivatives enriched medium) :

It seems mainly due to® the inerease of external nutrients by autolysis of dead cells that the reproductive
rates of Azotobacter in logarithmic growth phase increase at the same proportion of irradiated dose of UV
light, But, if this increase .of reproductive rate is resulted only from the external environment by autolysis of
dead cells,. it is not reasonable that the culturing period of 30 min, irradiation plot with the least survivals

among the plots which is inoculated same bacterial numbers including dead cells, is shorter than that of 5 min,
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or 20 min, irradiation plot, when they reach any stage of the same bacterial population,

In addition to this 1ncreas=- of total populatlon in the plots w1t11 the more dose of UV light irradiation, it
sesms that the more dose of UV hght irradiation it “th‘“ mérer shortened *the gen-eratxon time of Azotobacter,
Therefore, it is clear that vanatlon of! reproduc,tve fad6 mist be, mere. or less,” due to? the genetic effects indu-
ced by UV light irradiation_. T )

On the other hand, ths lag phase or logarithmic growth phase in nonirradiated culture 15 shortened promins-
ently, and this must be due to¥ the difference in bacterial number of the original inoculm.

The generation time of Azotobacter is shortened by exegeneous treatment of -nucleic acid derivatives, and the
degree is greater in case of DNA derivatives than RNA derivatives.

‘W.H. Price® reported that the rate of ribose nucleic acid to protzin in Sigphylococeus muscas is proportional
to the generation time: that is the faster the czll can form ribose nucleic acid, the more rapid its growth,
This explains the shortening of generation time.by exogeneous RNA dgrivafives in this work reasonably,

On the other hand, it is wall known that the desoxyribo-se nuclic acid content per cell is constant and inde-
pendent of the generation time. A.D. Laren and W, N, Takahashi'® reported that the infectious RNA from
TMV is 6 time as sensitive to inactivation by UV as it Is in the form of intact virus, and that inactivation of
infectious TMV involves only a local change on RNA chain, But, the effect of exogeneous DNA in this work
suggests that irradiated living cell which cotain DNA bring about some change -on DNA moleculs as well as
RNA molecules, And if the mutagenic effects of UV take into consideration, it is very reasomable, Therefore,
it is clear that the variation of the generation tima by UV irradiation.is, more or less, due to the genetic effects,

Therefore, it seems that the shortness of the averags lifespan of Azotobacter by UV irradiation. is resulted
not only from the influsnce of the environmantal conditions, but also from the variation of genetlc factor of

'l‘le individual,
" T
L. Auotobacter & - L6 A - AUESHe] BT MM HE 29 AwRS AEHD TR FAHAL WE

3].03 =, .
2. Azotobacter 8] &fEEEL ohiTh LHEY TR THEGE MIHEY BERE Rikpstac.
3. Azotobacter €] I E & exozeneous nucleic acid derivatives &) F4#Ee 2 = &= o .
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