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BIKES. s JOURNAL 3, 101-106 (1960)

Transformation of Drug-resistance in Trypanosom a *

SUNIMARY

The genetic transformation which has been described in Diplococcus pneumoniae and
Hite, ,lophi!us inlinenzne has been shown also in Tijyi, lit0$0n, a gamblen3e and DNA was
found to be the acti\. e principle. These findings are linportant since they are the first
reports on the possible occurrence of transformatioit in protozoa

Department o1 Parasito!og),, Refe"ich 1713titttte for Microbi@!
Di5easeJ, 05ak@ C';!I', c, .,!tj, , OJtik"

SHOZO INOKI AND A1zo MATSusHiRO

INTRODUCTION

Avcry at a1. (1944) have already reportcd so-called type transformatioi) in D.
1118/1monine. DNA of the donor bacteria was characterized as an active I'llnciple.
A number or further studies in tlie field of bacteriology were helpful in giving
an understandings of type transformation in D. pileitmoiii"e and H. nullieii:de and
transformation or drug-resistant traits (Hotchkiss, 1957). On the o1hcr hand, no
report on transformations 11T microorganisins o1hei' than bacteria is available.

As previously reported, Trioki at n/. (1957) isolated a pararosaniline resistant
Using this isolated sti. am, it \\, as also found that the Ak forms did notstrain.

increase in the rcsistant strain, eveiT by the treatment witll sumcient dose <10 ing
Ikg) of IJararosaniline to induce Alt forms in thc sensitive (original) strain.
F"om this, they <1noki at "I. , 1957 ; In oki and Matsushir0,1959) have established
a ne\\, method in which the grade or resist ancc of the parasites is determined by
counting induced Ak Forms and have demonstrated a genetic continuity In the
acquired resistance. By use of this technique, the authors <1958 a, b) have shown
the genetic transformation or pararosaniline resistance in this protozoa.

(Recei, ed for pitblicut!'on. M, 17c/, 25,1960)

I. Strumr of plotozo"

A pure SLraiil of Trilla?10roma gainbien5e (\\'elcome strain) was used for this study,
which was originated by a single parasite inoculation. The rate of spontaneous appearance
of the Ak form in this SITaiil was usually less than one per cent and in this 101an the parasite
did not multiply (Inoki, 1956). The original strain was sensitive to pararosaniline and is
designated as 'W(S)' in this report

A pararosaniline-resistant strain was obtained by the method of Lewy and Curewitch

- ,,,,

** Parts of 111is study were presented at the 13th A, leeting of Parasitologists in the West
Area of Japan in November, 1957, at the 30th Congress of the Genetic Society of Japan
in October, 1958, and at tie 14ti Meeting of Parasitologists in the West Area of Japan
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A clone derived from this(1926) as reported previously (Trioki and Matsushir0, 1959)
maximally resistant strain (85 ing/kg) by single cell fishing was 115ed and designated as
'W(R)' for. convenience

2. Deter nilnat, on of drug-Tenst"rice

As previously reported (Inoki and Matsushir0,1959), 240 minutes after pararosaniline
(10 n, g/kg) injection the rate of appearance of the Ak form is about 20 per cent in the
sensitive strain W(S), while it remains at about 5 per cent or lower in the resistant strain
W(R). Therefore, the degree of resistance is indicated by the percentage of ajipearance of
the Ak fomi after. treatment with a dose of 10 rug/kg of pararosanilinc

3. Method of trait$107mation

Blood collected by decapitation of mice at the maximum stage of infection with W (R)
was mixed with glucose citrate saline (glucose 0.57, sodium citrate 0.59;, sodium chloride
0.57, ). The mixture was centrifuged for 10 minutes at 2,000 rpm to separate the parasites
The super natant was discarded. New glucose citrate saline was added and the suspension
was freeze-thawed 10 times using acetone dry-ice. The resulting Iysate or suitable dilutions
of it were used as a donor. It was Injected into Ilormal mice to test whether all parasites
were killed by this treatment

INOKl AND A, IATSUSHTRO

Fig. I. Experimental procedure for inducing transformation of drug-resistance
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them, OSIat at 30'C. The untreated mixture or altei tre t t ,' I D\ *
centratioii of 500 11g per inI, was incculated into a nomi I d h
Iesistance was deteilnined by the method mentioned above (S, e Fig. I)

RESULTS

I. OffIIJ'!wire of of!'11g ItriJ/n"/ 11uiiyb}'Jim/ion
Arte" being exp, ^ed to th. W (R) Iy, ate, \\' (S) pa"titcs *, a, round to b, -

come resistant to pararosaniline as sho\\, n in I. ,q. 2. In other \\, ords, t}I . I
of appearance of induced Alt 101. ms in the above treated \.\' (S) \\, as inucll I

Fig. 2. Drug -resist ant I ransf Grinafion in Tryp on o50mo gumbiense

TRANSFORA1ATION IN 'TRYPANOSO\. IA
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Fig. 3. Effec* of the dilution of donor Iyscie

Conird

AND

20

~,
O'

"

E

o

^
<

o

"
.D
E
a

Z

10

,
I

,.
,

\.
.~

$1

.$
,

Con. en1, o110n

o1 WIPj

pur. ,iie Iy, ale

i;

;-

,.

..

;<

I

;;

I

,.

Time o1 exposure

I

.*

:i.
:.

;.
~.

e.

xi

..

..

.. .:.

15nin

x3

Fig. 4. Effect of time of exposure

Control

15nin

x 15 ,.,, *

15nin

* Glucose citrafe saline

20

ER

E

o

^
<

o

"
_o
E

Z

15n.

"

.

10

Time of expo, ure

*

Iy, o1e prepored
Irom

.

15nin

,

W!Rl

30nin

w rel

15n, n

W 151

15nin

* Glucose cifrafe saline

none



A similar procedure was used to control the reaction time for. earlier data
and 15 minutes was chosen as the optimal (Fig. 4). The reason for diminution
of transformation with longer exposures is not yet clear.

4. Properties of Ihe ironyo?ming agent

From the above results the occurrence of transformation to pararosaniline-
resistance in T. gambirn$8 is certain but the nature of transforming agent is not.

Various concentrations of DNase, RNase, and various proteolytic enzymes
were examined to see if they affected the transforming activity. Fig. 5 demon-
strates that only DNase can inhibit the transforming activity.

Hence, it is probable that the transforming principle is DNA. Extensive
fraction ation studies of the transforming agent are being planned.

TRANSFORMATION IN TRYPANOSOMA

Fig. 5. Effect of DNase
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DISCUSSION

Since both resistant and sensitive strains employed were pure clones derived
from single parasites, the selection of resistant mutants in the viable sensitive
Conginal) recipient population by treatment can be disregarded. Recent work
(Honigberg and Read, 1960) on the transformation of pathogenicity of T?'ichomonaJ
gainnae in mice raises the problem of the genetic purity of parasites as experi-
mental material. The results given are or much interest. They deal with dell-
cate properties of traits based on the interrelationship between the host and the
parasite, but unfortunately the conclusions are not always clcar cut.

As already stated, the findings on the trait of the drug-resistance in T.
grimbiei!$8 are such that a degree of cellular resistance is detectable before cell
division is completed. Then no considerations are to be paid for. the possibility
of selection.

In contrast to bacteria there would be a hiuh frequency of transformation
in this species of protozoa as reportcd here.

INOKT AND MATSUSHIRO
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