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Introduction

The widespread distribution of radioactive isotopes, shortly after
world wWar II in 1946, for use by investigators interested in using them as
tracers for various metabolic processes presented many new problems ir technic
and method. The isotopes themselves had to be handled with extreme care
due to the hazards of the beta and gamma radiations. Although all laboratory
personnel using isotopes were carefully instructed in their use, ard only
qualified personnel allowed to handle them, many of the technics used by
present workers in biology were as yet undevelopéd.

A very interesting exrerience revealed this lack of proper technic.

(1&2)
Pearson et al isolated an Alternaria and a Stavhylococcus albus

from contaminated solutions of I13l on two different occasions, early in 1946.
The presence of these céntaminants in the solutions interfered with

the standardization of the isotope content by causing irregular and
unpredictable Geiger counter recordings. Drops of these solutions exam-
ined under the darkfield microscope revealed the contamirants, The isotope
solutions were filtered throurh Seitz filters to remove the organisms,

when the filter pads were checked, they were found to be markedly radio-
active, The pads were then washed repeatedly with sterile distilled water
until the filtrates becare radionegative. Upon rechecking one of the fil-
ter pads, the investirators found it to be still markedly radioactive,

The material left upon the filter pad was examined microscopically and
found to consist of mold spores. These were later identified as Alternaria.
These spores were innoculated upon Sabaraund's medium and were found to be
viable., The first cultures were radioactive, but subcultures from them

were not. MNo alterations in growth or morvhology occurred in the progeny
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of the original radioactive spores, even thcough they were followed
for several years through various subculturings. 1In an article recently

released for publication by the U, S, Atomic Energy Commission, Kimball (3)

reported the induction of mutations in paramecium aurelia by beta rad-
iations,

Further studies demonstrated that the orgainsms were viable
even after prolonged exposures to very lar~e dosazes*¥ of beta and gamma
rays.

This showed that solvtions of these isotopes were not self
sterilizing, and that it was necessary to autoclave them before paren-
teral administration to humans,

Pearson et al (1&2 )in further studies exposed cultures of

the Harper Hospital Stock Collection of Fungi to 20 microcuries of I131

¥#The "Roentgen" (r) is the basic unit of radiation dose and is by

definition the quantity of radiation which produces 1,62 x 1012i0n

rairs per gram, Each ion pair (in air) represents 32 electron volts,

The energy equivalent of this amount of air ionization, 83 ergs per

gram, applies to air, water, and live tissue. The energy dose then

i3 32 x 1.62 x 1012 o r, For I121 then r = 8.9 x 107, or this number

BeV

of beta disintegrations is required to give one roentgen unit, Each

millicurie reoresents 3.7 x 107 disintegrations per second. For the

concentration in which the spores were originally discovered, 25 millicuries

in 15 milliliters, or 1.6 millicuries per milliliter, or 1.6 x 3.7 x 107 =
8.9 x 107

0.67 roentgens per milliliter per second, or for short periods of time,

as used in these studies, 52,000 roentgens per gram per day. For longer

periods of time, this figure will decrease progressively by 10% per day.
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and P32 for L hours, and also to an enuivalent amount of hirgh voltage
X-ray to determine whether or not the different furgi, pathogenic and non-
pathogenic could survive exposures to solutions containing radiocactive
isotopes, Table I illustrates the effect of the exnmosures on the growth
of the stock fungus cultures,

TARLE I
iffect of riadiations on fungi

Growth After Exrosure to

Organism
X-ray p32 1131
1. Actinomyces asteroidesS....ceceeececess ++ ++ ++
2. Alternaria.....cceceececcrcocsocceces H+ES 44 +4+4
3. ASpergilluS.ceesccescossscosscsscscce H+td ++44 44
L, Aspersillus niger........ccceceeecsece 4444 +444+ 44+
5. Blastomyces brasiliensis....eeeeeeess. 0 +re +1+
6. Rlastomyces dermatitidis.......c.cec.s + 444 +44
7. Candida albic@nS..seeeccececscesnceee ++4+ 4444+ 4444
8. CephaloSpOrium ...eeeececccosccecscss +++ 444 +re
9. Coccidioides immitisS.eeecececoccescsos ++ ++ 4444
10. Cryptococcus enoformansS..cessceececssce  +4be 4t +eet
11. Epidermophyton floccoSumMe..eeeeeceess 0 +4+e ++
12, Fusa8riuMecsesesecescocscosooscscssese 544 +444 +444
13. GeotrichumMisieesescececeerooccosccase 0 ++44 44+
14 GliocladiuUMiceeseesoeoceovaccccscasses ++44 ++44 +444
15. HelminthosSporiumM..eeeeeeescecococcens +444 444 +44
16. Histoplasma capsulatuM.eececosecocesss *+ t1es +
17. HormodendrumM.eeecesecescsscecscscsnce  +444 +e14 +444
18, Hormodendrum COMPACtUM.eveececooesoss ++ + +"
19, Hormodendrum pedroSOicecesceceecccses o) ++4 +4+
20, licrosporum audouini..cecececeecocess 0] ++44 ++
21, MICrosrorum CaniSe.eeeseeceosoccscass  ++& 444 ++4+
22. Microsporum gypS€UM..eesececcssscssee 0 ++44 ++44
23. Microsporum lanoSUM..eeeceecccececoses  +++4 e ++
2l,. Monosporium apiospermume.ceceececesas et ++4 +44
25, MUCOT.iereesocsvacsscssocasoscescscnse  ++te 4444 +42e
26. NigrOSPOr@.ceeseessccccsecascsnnocsse C ey ++
27 . OCSPOTB.uieescssvscsssccssocsassssocss ++44 +444 +444
28, PaeCilomyCeS.cieeccccccoccocccoosnses +4+4+4 +444 4244
29, Penicillin.eceeeecsesesccscsccaccocce H++é 1444 +44e
20. Phialophora verrucoS8....ceeceeseceee 0] +444 +
31, RhiZOpUS..seeesoerrceesscccccsccecsne + +444 +
32, Rhodotorula...eeeesceescescssoscsncee  +++ e+ +++
33, ScorulAriopSiS.isecececsseseicnccsccose  H4E ) +44
34. Sporotrichum schenckii,..eeeioveeeen. 0 +eer +444
35, StreptomyCeS..iceeeceeecccccecsceccsce +++ +44 +a44

Table continued on next pagce,



Table I (continued)

Effect of radiations on fungi

Growth after exposure to

Organism

X-ray p32 7131
36, SyncephalastIiM.ce.ceeerecscosssccsee  +E+t 4444 Tywes
37. Trichoderma.....eceeeeccocecesceccccee 44# 4444 +++4
38, Trichophyton mentagrophytes....ceeceee 44+ 144 ++
39. Trichophyton rubrum....eeceeeeceeeses O +es 144
40. Trichophyton schoenleini..seeeeecesse ++ 4444 ++
41, Trichophyton violaceum....eeeeeeeeses C +H44 +24
L2, Verticillium....eeeeeosceesscoossccees 4+ ++4 ++

The 4+ signs indicate the amount of prowth as compared with growth of control
culturés. The amount of pgrowth was graded from O (no erowth) to 4+++

(normal growth).

Examination of the table shows that the growth of mcst of the organisms
was unaffected by the exposures to which they were subjected.

More recently it has become apparert that a considerable amount of
bacteriological study was carried out under war time restriction, and the re-
sults are just how becoming available. Stapleton, Loftus and Armstrong (4)
carried out some of the procedures of irradiating microorganisms with radio-
active isotopes but their reports have only now become available and their
results have not yet been published.

The general idea of metabolism of radiois~tpoes by bacteria, fungi, and
particularly yeast is not new. Ruben, Kamen and co-workers (5 & 6)reported

the synthesis of propionic acid containing Cl4 by propionic acid bacteria

which were fed Cl40; as early as 1940 and gave a complete report verbally
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at a meeting in 1941. Since the bacteria absorbed the CO2 and incorporated
it into the prorionic acid molecule, it is probable that it entered the
metabolism of the livine organism,

Under similar conditions Rothstein and Meier(7)studied the breakdown
of ATP and similar organic rhosphorus compounds by yeast., They did not,
however, report incorporation of the P32 released by the breakdown of ATP
inté the spores or cell bodies of the yeast cells,

In further studies by Fearson et al (1-2-8) the iodine and phosphorus
metabolism of these organisms was compared in an attempt to determine whether
these isotopes were merely adherent to the outside surface of the fungi, or
were actually metabolized., A non-rathogen, Fusarium, was used in this study.
Separate cultures of this organi=sm were exposed, one culture to 600 micro-
curies of 1131, and the other culture to 100 microcuries of P32, for L8 hours.
The 48 hour cultures were filtered through Seitz filters and washed until
radio-negative filtrates were obtained, A filtrate that zave not more than
1C ¢/M/ml* was considered to be radionegative. Smears and cnltures were
made from th- orgamisms on the washed filter pads, The smears were checked
for radioactivity using the Geiger counter with the following results:
counts on the slides of Fusarium exposed to 600 microcuries of 1131 vere
10,000 c/M/slide, showing that the P32 metabolism was about 30 times sreater
than that of the I131. This marked difference in rate of metabolism
of the isotopes by Fusarium was believed to te evidence that these elements
were actually metabclized, and not merely adherent to the surfaces of the

organisms,

#c/M/ml = counts per minute per millileter,
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Experimental

Section A: A Simple Method of Transfer of Fungi.

Because it has been demonstrated that the spores of fungi, both
pathogenic and non-pathosenic, can be made radioactive, it is essential
that they be handled as rapidly as possible in order to rrotect the
worker from undue exposure to harmful radiations. Further, it is im-
portant that the spores be retained in the culture and do not escape into
the surrounding air of the laboratory, and thus create a hazardous con-
dition for all personnel in the immediate vicinity.

To determine whether or not the spores escaped into the air during
transfer, a series of exreriments was made to demonstrate that the usual
methods of transferring fungi using the conventional needles allowed snores to
escape from the tubes,

Due to the fact that mold spores are formed on aerial hyphae, any
undue disturbance in the tube causes the spores to disperse into the air,
and they are carried out of the tube by the air currents set up by the
movement of the transfer needle. To demonstrate this, a culture of the
non-pathogenic Qospora was agitated with a needle in the usual manner,

In order to photograph the cloud of spores, smoke was introduced into
the culture tube before agitating it. (Fig. I A) The culture to which
fluids were added were pipetted out after agitation shoved no cloud.
(Firs. 4L E & L F)

In radioactive cultures after manipulation with a needle, radio-
active spores were detected in the air of the laboratory, on the furniture,
and on personnel by means of a Geiger counter,

In several uncontrolled exveriments fungus collections had been

presented to & number of other institutions, and when these were sub-
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cultured by competent technicians, the percentage of positive transfers
was much lower than that obtained using the technique about to be described,
and the incidence cf cross-contamination considerably higher,

The method that was developed here consisted of adding fluid to cultures
in order to wet the spores and disperse them into the solution rather than
the surrounding air. This method has bheen used routinely with radioactive
funegus cultures. It is adaptable to laboratory use for all fungi to pro-
tect laboratory personnel against infectinn by notorious air borne pathogens,
such as Coccidioides, cross contamination of cultures by rapid growing non-
pathogens such as Penicillium and Aspergillus, and laboratory contamination
with numerous fungus svores,

Nallmann(lo) suggested the use of an unionized wetting agent on
fungus cultures such as Triton x-100 in a dilution of 1 - 5,000, This
product is manufactured by Rohm and Haas. This agent when tested had no
deleterious effect upon the spores, and insured wetting, which further
reduced air contamination., This product has not been tested on cultures
containing radioactive isotopes, therefore no conclusions can be drawn
regarding the effect of this substance upon isotope metabolism in fungi,

The cultures to be transferred are placed urright in test tube
racks, and enough sterile saline or water is added to each tube, using
sterile technig, to bring the fluid level to the top of the agar slant,

A Sterile 10 c.c., pipette or syrinpe is sstisfactorv fqr this rurpose.
The cultures are agitated with a sterile pipette and shaken gently until
a suspension in which elumps of mycelia and spores are visible is obtained,

A few drops of this suspension are transferred to the previously labeled



sub-culture tubes, using the same pipettes that were used to agitate the
donor cultures, A suitable rubber bulb is attached to the end of the pipette
to provide suction and to prevent oral contamination., A rubber bulb of 1 cc
capacity was used for this purpose. The rubber bulb technic originated with
the handling of isotope solutions, since it is a basic rule never to attempt
the pipetting of radioactive materials by mouth.

It was found that the use of sterile pipettes instead of the routinely
used wire loop was a much more efficient technic. It eliminated the need
of the usual flame sterilization process between transfers, thereby re-
ducing the amount of time consumed in making a transfer; time is an im-
portant safety factor when dealing with exposures to radiocactive isotopes,
Flaming volatile isotopes would contaminate the air of the laboratory, and
breathing air and gases containing radioactive elements may produce patho-
logical effects én‘the personrel so exrosed, (Fig. I) '

The employment of a different pipette for each transfer undoubtedly
reduces the amount of cross contaminafion, which could occur when using
the conventional loop needle. The ordinary 1 cc, pipette may be used for
this purpose, but a less expensive, more convenient. instrument can be made
in the laboratory by drawing out 12-inch sections of glass tubing, one fourth
inch in diameter, in a Bunsen Flame, These can be sterilized in the usual
manner, are easier than the conventional pipettes to manipulate, and are less
likely te@ become plugged with clumps of mycelia, After use, especially if
contaminated with isotopes, they can be stored and destroyed when free of

radioactivity, or resterilized and used again,



After the addition of the fluid, the donor culture often starts growing
again and can be kept growing indefinitely by the addition of fluid to the
dried agar slant,

Section B: A technique for making autoradiographs of microorganisms, -

Autoradiographs were made to determine whether 1131 and P32 were
actually metabolized by microorganisms or were merely adherent to their
surfaces, The autoradiograph was a phofographic means of checking the
amount of I131l and p32 metabolized, based upon time of exposure and size
of colonies,

The culture from which an autoradiograph is to be obtained is covered
with either sterile water or saline, and the calculated dose of the isotope
is pipetted into this solution, using precautions against radioactivity,

The culture containing the radioactive isotope is ailowed to stand for a
calculated length of time, usually 12 to 96 hours, after wiich the culture is
agitated to suspend the organisms in the fluid., This suspension is filtered
through a Seitz filter and washed repeatedly with sterile water until a radio-
negative filtrate is obtained, A filtrate that gave not more than 10

C/V/FL was considered radionegative, as before. Fach filtrate was collected
in a 15 cc. centrifuge tube placed within the vacuum flask (Fis. II). The
presence of this tube prevents the contamination of the entire filtering
system with radioactive material, and the use of a new tube after each wash-
ing permits accurate Geiger counts on the individual filtrates.

then a radionegative filtrate is obtained, the organisms remaining on
the filter pad are tested for radiocactivity. If they are radioactive, they

are smeared on slides in the usual merner., The slides are checked with a Geiger
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counter to determine the amount of radioactivity retained by the organisms
in an effort to determine the length of exposure necessary to affect the
photographic plates. The slides containing the radioactive organisms are
taken to the darkroom where they are nlaced in direct contact with the
photographic plates, the side containing the organisms being placed directly
in contact with the emulsion. These pl-tes are developed at previously
calculated intervals of time, denmendine uron the amount of racdiocactivity
present on the slides, The slides are then fixed bacteriologically and
stained with an appropriate stain., The photographic plates are developed
and fixed in the usual manner,

T ie stained slide and developed plate are matched grossly and corresponding
areas are marked or encircled, These areas are exarined under a microscope
and photographed, The low power marnification is sufficient for colonies, but
high power or oil immersion is necessary for individual funei or bacteria,

Figures 3, LE & LF demonstrate corresrondine sreas under various

magnifications,
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Discussion

The method described for transferring fungi has been found to

be satisfactory in our hands. It has the following advantaces, especially

for classroom study:

a.

2.

It keeps contamination of the laboratory with spores
down to a minimum,

It prevents students from infecting themselves by necans
of air-borne spores while manipulating the cultures and
attemptineg to transfer dry spores of pathogenic fungi,
such as Coccidioides, (Fig. I)

It insures a high percentage of positive transfers for
fungus cultures,

It decreases cross-contamination of stock cultures,

Growth is obtained in a storter interval of time,

The technic of making autoradiogsrarhs of microorganisms was

devised in an attemnt to study aquantitatively the pbysiology of various

isotopes, and to determine what parts of the funei utilized the radio-

active isotopes, P32 and 1131, The technigue of producing autoradiogrsphs

of tissues as originated by T. Evans (9was a starting point for some of

this work,

The radioactive precautions mentioned in the experimental

section of this paper cannot be overstressed and will be elaborated

upon further

a.

Protective ribber gloves and lead anrons shonld be worn
when working with radioactive cultures to protect the

individual, All work should be done behind a protective
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lead or lucite shield, and all equipment should be placed
on a metal tra- covered with a thin coating of oil or
petroleum jelly,
Competent assistants should be present in case of accident,
and to aid in handling material.
A1l enuipmert and instruments contaminated with radio-
active solutions should be stored in a safe place until
they become radionegative. ™aste products (urine, feces),
and snlutions (discarded cultures), and discarded specimens
which are radfoactive should be treated in a similar manner
before heing discarded,
The workers' hands, clothinz, and the laboratory itself
must also be checked with a Geiger counter at intervals
to locate the radioactivity if rresent.,
The proportieam of the isotope being nsed are of prime
importance in determining the manner of handline, admin-
istering and disposal,
The personnel should be familiar with:

1., The half life of the isotope.

2. The type of radiations emitted.

3. Thre radioactivity of the sample being used.

L. The physiology, pharmacology and toxicology, if

known,

Ability to operate a:d interpret Geiger counter readings.,
Work should be carried out in a shower equippred labor-
atory in order to decontaminate personnel involved in case

of accident.
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It should be mentioned that the slides are not fired hefore making
the autcradiograrhs because heatins misht wvolatilize some of the isotores,
és for example I131,

The fact that the slides are not fixed means that the slides con-
taining virulent organisms, as Blastomyces, are dangerous and these slides,
after being placed in contact with photographic plates, are placed in petri
dishes during exvosure to the plates. The equipment is then autoclaved
after use. The slices with non-volatile isotopes can be flamed prior to
exposure to the photographic plates and treat<d as any ordinary slide,

Any fine-grained rhotographic rlates can be used for ohtaining auto-
radiographs of colonies of organisms (Fig. 3), but special plates are neces-
sary in order to obtzin radiographs of individnal organisms because the -
silver granules of ordinary plates are lsrzer than the single organism,
Kodak Nuclear Track plates, Type NTB (25 micron), which have a very fine grain,
were used to obtain autoradiographs of M, tuberculosis, (Figs. hA—B-C-ﬁ—E-F)/

It should be mentioned that as the magnification is increased the
depth of focus is decreased; and as a re=ult, producing autoradioeraphs of
individual bacteria, as in plates LA-B-C-D-E-F requires patience and a
certain degree of luck. It is like working out a jig-saw ruzgzle in that
one can look at rhotographs for a long time without anparently accomplishing
anything, and then suddenly be able to metch up the corresvonding areas.

The technic is a good one for developing microscopic tec nic and as
a resesrch tool, but at the present time no practical application has bteen

devised,
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Conclusions

1. A simple technic for transferring fungi is described,
2. A technic for obtaining autoradiograrhs of colonies and individual

microorganisms is presented.
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I (A) SHoOwS THE DISTRIBUTION OF FUNGUS SPORES UPON
PROLONGED AGITATION WITH A LOOP NEEDLE WHILE
ATTEMPTING TO MAKE SUBCULTURES,
NOTE THAT THE CLOUD PRODUGCED I8
THE TEGCHNICIAN, AND THAT THIS OCcOULD BE
DANGEROUS IN THE CASE OF PATHOGENS OR CON-
TINUED EXPOSURE TO VOLATILE I1SOTOPES, '
(NO RADIATION PRECAUTIONS ILLUSTRATED.)

INHALED BY

I (B) NOTICE THE MARKED DECREASE IN THE SIZE OF THE
cLOUD.







II Seitz FiLter seT up.

NOTE THE TIP OF THE FILTER IN THE
COLLECTING TEST TUBE WITHIN THE SUCTION
FLASK TO COLLECT FILTRATE. THIS TuBE
PREVENTS CONTAMINATION OF THE FILTERING
SYSTEM WITH RADIOACTIVITY.

(TRAY AND SHIELD NOT SHOWN.)
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TII (A) A FuSARIUM COLONY AFTER A 48 -HOUR EXPOSURE
TO 100 MICROCURIES Of P-32. X123
DILUTE METHYLENE BLUE.

TII (8) AUTORADIOGRAPH OF (A) x128

h o







(8)
(¢)




. RS
\ \ ", . ;
. A } '_Mo
ARY' ™
'y <

(8)
(c)
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(r)

TusercLe BaciLLi (HUMAN) FROM CULTURE AFTER A 96-HOUR

EXPOSURE TO 300 MICROCURIES or |3

X 1280
Z1EHL-NIELSON STAIN.

AutorapIiOGRAPH OF (A) xi2s0

TusercLe BaciLLl (HUMAN) FROM CULTURE AFTER A 96-HOUR

EXPOSURE TO 300 MICROCURIES or ['3'

X 1230
ZignL-NIELSON STAIN.

AutorapiosrarH oOF (C) xieso

TusercLE BaciLL! (HUNAN) FROM GULTURE APTER A 96-HOUR

EXPOSURE TO 300 MIGROOCURIES or '3

X 18500
ZignL - NIELSON STAIN,

AuTORADIOGRAPH OF (E) x1S300
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