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INTRODUCT ICN

Since 19,8 when-cycloheximide was found to be
of potential value as a fungicide, practical exper=
iments have shown it to be effective in many cases,
both with and without phytotoxic effects, Rose mil-

dew, Sphaerothecs pannosa (V.ellroth) Leveille var,

rosae Woronchine, was found to be controlled by a
25 ppm. concentration, but with some injury to new

leaves; bean mildew, Erysiphe polygoni, was con-

trolled by a 10.0 ppm. with no phytotoxic effects.
As & turf spray, the antiblotic apparently was ver y
effective, and no phytotoxic effects were observed,
from the use of applicetions as high as 1000 ppm.
Cycloheximide ét 10.0 ppm. indicated superlor con-

trol of cucumber scab, Cladosporium cucumerinum, in

one field trisl. The antibiotic demonstrated fur-
ther promise for control of cherry leef spot, Hig=-

ginslia hiemsalls, under fileld conditions,

Inesmuch as the early experimental work demon-
strated practical uses and possibtle sppolications,
an attempt was made to determine the action of the
entibiotic when in contact with organic tissues and
compounds., The aims of the experimentsl work were
pertially to investli,ate the constancy of the fung-

iclcdal activity of the antibiotlic under varied en-

vironmerital corditions, and als> a study of retent-
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ion, abtsorption, recovery, or possible trarslo-
cetion 1in 1living and non-living tissues. It was
also hoped that & correlation could be esteblish-
ed between cytological aberrstions »roduced in on-
ion roots with the absorved gquantity of the anti-
biotic.

Fundamental knowledge of this type should be
of vital interest to scientists desling with anti-

blotics, and to those Interested in fungicldes.
LITERATURE REVIEW

Cycloheximide, an antiblotlc produced by Strep-

tomyces griseus, as a by-product in Streptomycin

production (l4,7,15,16), wes initially suggested as
8 possible plant fungiclde in 1948. 1In this first
fungicidal experiment (%), powdery mildew,Erysiphe
polygon}, on greenhouse beans, wass found to be con-
trolled effectively by cycloheximide concentrstions
between 5.0 and 10.0 ppm. kcatlon wes also made of
possible phytotoxlic effects by higher concentratlons.
In 1949, in Michigan, the effect of the anti-
bilotic on seed germination in petrl pletes, and
action end control on rose plants with mildew under
greenhouse conditions was investigated (13). Radish
seed inhibition ranged from 100% in those sosked in

100 ppm. cycloheximide to only a delay in germin-
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ation at 1.0 ard 5.0 pom. T1he other seeds tested
(pea, wheat, ard tecr) were inhitlted less by the
100 ppm. corcentrsticn but displayed the seme pro-
portional chsnge as the concertration was lowered,
The rose mildew wss controlled ty 23 vpm., but the
increasing of the concentration to 5, 74, ard 10.0
ppm. csused injury to yowng ard new leaves. Fur-
ther investigstions showed excellent inhitition in

agar plstes agsinst onilinia fructicols, Clsdo-

sporium cucumerinum ard Fowes sn. Also, & recheck

of the besn mildew trisl (19/:8) resulted in con-
trol st I0.0'ppm., and no phytotoxic effects.

Another poscsitle application for the anti-
blotic was cescrited in 1949 by vgughn and Eamner
(12). As a spray for such turf disesses as "[Dol-
lar Spots", "Irown Patch#x," and ".elting cut,"
the cycloheximlide appesrea to bte at lesst the e-
quel ot the fungicldes commonly used, & cd possi-
tly superior - particulsrly for the "Melting

Cut," caused bty Eelminthosporium sp.. However,

the spray trials were limlited by chsngin. weath-
er, and should te repested for nmore definite re-

sults,

#"Dollar Spot" - csused by Sclerotinia homoen=
carpa, and the "Large trown patch" causea by Pel-
Ticularia filsmentosa = Corticlum snlani.




de Zeeuw and Vaughn, in 1350, reported the cy-
cloheximide as the btest apparent spray in a sirgle

field experiment with cucumber scab, Cladosporium

cucurarinumn (2). The antibiotic was used at 10.0

pom. ard compared wlth Crag 658, Tribasic copper
sulfate, Dithane, and Zerlate.
AS a posthervest sprey for brown rot,’onilinia

fracticolae, in concentrations of 2.0, 5.0, and 10.0

ppn., four sprays of cycloheximlde were comnpared
with liquid 1lime sulfur and sulfur dusts by Peterson
and Cation (8). After cold storage for two days,
and common storage for four, the peaches sprayed
with 2.0 ppm. cycloheximide showed 2% rotted, the
5.0 ppm. svrayed peaches 05 rotted, the 10.0 ppm.
1.0 % rotted, the lime sulfur sprayed and dusted

el

peaches 2% rotted, and the unsprayed peaches 7%
rotted. In another test, urd=r conditions of
heavy inoculum, 8 20.0 ppm. cycloheximlide spray
vas compared with wettable sulfur and to grower
sprayed liquld lime sulfur. The cycloheximide
sprayed peaches showed &7 rotted, the sulfur
sprayed 677 rotted, and the grower sprayed 89%
rotted.

In other trials with peaches, a 20,0 ppm,

spray of cycloheximide was found to cause crack-

ing in firm-ripe Halehavens, and possibly to
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dissolve the skin coloring matter. The severity
of these actlions wes less with lower concentrat-
ions. The same report indlicated thet cyclohexi-
mide may be a superisr soray for cherry leaf spot,

Higeoinsia hiemalis, in that 1.0 ppm. almost com-

pletely controlled heevily spotted Montmorency
leaves, and these same trees held a high percent-
age of notliceably greener leaves for a longer
time than the trees sprayed with "Ternessee 26",
"Ferbam," "Crag Cherry Funglcide Z41B," and "Nab-
em", *

Gottlieb et al, in 1950 (5) in & report besed
on visual otservation of growth in liquid medis of

six pathogenic fungi, all but one = Monilinla fruc-

ficola, were inhibited by a2 100.0 ppm. cyclohexi-
mide concentration. The report also stated that
in phytotoxicity tests with tomato, bean, peach,
geranium, and strewberry; the strawberry alone wes
not injured by 100.0 and 1000.0 ppm. concentrat-
ions.

In Canada, eight fungl were tested for spore
and mycelium inhibition, and for the effect of the

entibiotlc on res seed germination by Wallen et al

(). Using the agar strecsk methcd of Wsksmen and

Reilly, spore germination varied from complete in=-
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hitition in the case of Ascochyta plsi Lib. at 1.0

ppm. to slight Inhibition at 50.0 ppm. with Peni=-
cilliun sp.. Fowever, using the filter paper disk
method of Vincent and Vincent, which consisted of
nlacing disks saturated with cycloheximide necar
the growlng colony, no inhiblition was found in con-
centrations up to «<5 ppm. It was also shown that
sosklng infected pea seeds in varying concentra-
tions of cycloheximide did not corntrol the inter-
ral parasite A. pisi; but the pea seeds were in-
Jured as shown bty recduced germinstion as the con-
centration increased.

The ssme workers aslso Investigated the sac-
tivity of the cycloheximide on germinating pes
seeds, In the lower concentrations, an atnormal,
discolored root, and a long shoot resuvlted, while
in concentrations from 10.0 pom. and up, there
was little or no germination.

Recently Whiffen tested thirty-three plant
pathogenic fungl in cultaire for effect from ver-
ious ccncentrstiosns of cycloheximide (17). If
spores were procuced, suspensions were streaked
on agsr plates; in the case of furgl not spor-
ulating, a mycelial disk was used ;s Inoculum.

The concentretion needed for complete inhib-

i{tion after L& snd 7z°hours wes noted. The
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antitiotic was fourd to cause complete 1nhibition
for 7z hours in concentrstions of less thsesn 1 ppmu.

with Ustilego triticl, and renged to 100.0 ppm.

for 72 hour inhibitior when used agsinst Remularia

pastinaceae and Fusarium lyconersicl,

MATERIALS AID METIIQODS

Since brcsd objectives were chosen with the
hope thst facts concerning abscrption, retention,
possitle translocation or utilizstion, and/or re-
covery might be obteined, the experimental work
wes dividea into six separate psrts dealing with

different pheses or dissimilar organic compounds.

PART ONE

Elological Assay Tlechnique

Inhibition of linear fungal growth on agsr
plates contsining verying amounts of cyclohexi-=-
mide¥®, forms the basis for assaying unknown a-

mounts of the antibictic (see TAFLE I).

#* Crystalline, pure chemicel used, unless other-
wise stated.



Disks, five millimeters 1n dlameter, of Poria

microspora® taken from a six day old culture - were
seeded in 2% malt extrect egar (Difco, dessicated),
and incubated at 20° C until the necessary measure=-
nents were made. The medlum was made up in single
lots, elther 500ml, or 1000 ml., and the desired
dilutions made bty pipetting from a stsndard 1CC0.0
ppm. cycloheximide solution into smeller flasks,
The siraller flasks, contalnlng enoveh medlum for
four pletes, were sutoclaved, and the medium pour-
ed into voreviously labelled Petri dishes. Four
replications were used in every caese. The inocu-
lum pileces cut with a curved, sharpered, brass tube
were seeaed = fungus slde up - as near the center
of the plate as possible. After incubation at 30°
C for forty-eight hours, the first linesr measure-
ments were taken with the ald of a specially con-
structed box, 1lluminating the culture from beneath
so as to define the periphery of the colony.

The growing coclony wss measured and the growth
recorded (see TABLE I) at twenty=four hour inter-

vels for six consecutive days.

# Porls microspora I Poria monticola, recently has
become well-known as destructive to wood in service,

(1).
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PAKT TwO
Fetentlon by Wood

The retention of cycloheximide by non-living
tissues was investigated by using Basswood, Tillia
glabra Vent. chlps, and the blo-assay technilque.

Forty Eesswood chips (3/16 x 13/8 x 2 inches),
were submerged in one liter of 200.0 ppm. cyclo=-
heximide for a period of three minutes. The sol-
ution remaining was retained for subsequent bilo=-
;ssay (see TAELE III) and the chips dried to ap-
proximately the originsl moisture content. In re-
. peated leaching trials, the chips were placed in
one liter of distllled water and sheken vigorously
for fifteen minutes. The chips were re=-dried and
the solution saved for blo=-assay for cycloheximide
content (see TABLE III). The control followed the
procedure with chips not previously soaked in cy-
cloheximide, but was determined only once as there
was rno evidence of either stimulation or inhitition
in the assay pleates,

Chromated zinc chloride (DuPont) leaching was
also investigated. A blologlcal assay table was
set up (see TABLE II) and leaching trials with sub-
sequent assays were attempted. The procedure was
identical to thrat followed with cycloheximide ex-

cept for the autoclaving. The chromated zinc
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chloride preclipitates under conditions of high hest
80 the chlps were sterillized with propylene oxide
(6), submerged in sterile distilled water, chsken
vigorously as before, snd under sterile conditions,
the leachirg water was added to warm, sterlle med=-
ium for pouring into the asssy plates.
The leaching trials with the chromated zinc

chloride were discontinued, due to the resistance

of the compound to leaching under these conditions,

PART TEREE

Leutritz Technique

The Leutritz method of evaluatling wood pre=
servatives (10) wes employed, using varled 1C0.0
ppm. treatments of cycloheximide and Ponderosa
pine test blocks,

In this metkhod, two feeder® chips,Pinus pal-
ustris, were placed i+ Inch spart on approximately
two inches of soil in flat-topped jars, The jars

were sterllized, and the feeder chlps sccded with

Forls microspora es an 1lnoculum disk placed be-

tween tre chips. After five vieeks, when the chlps

s Yeeder chips of Pilnus palustris served to "feed"
inoculum to the test blocks.
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were covered with mycelium which had also pen-
etrated the soil, tke previously weighed test
blocks were placed , inch apart upon the chips
with a trested end sn untreated test block in
the same jar.

The treatment of the test blocks (epprox-

imately l/h x 1 x 2z inches Pinus ponderosa ) was
as follows:

1. Cold sosgk in 100.0 ppm.* crude cyclohex-
imide solution for twenty-four hours.

2. Cold soak in 100,0 npm crystalllne cyclo-
heximide water sclution for twenty-four hours.

2., Hot and cold bath®™ for one and one half
honrs 1In crude cycloheximide water solution.

L. Eot and cold bath in crystallire cyclo-
heximide water solution for ore and cne-half
hours.

5. Hot c¢ip (tlree minutes) in 100.0 ppm.,
crude cycloheximide plus crankcase oll (at approx-

imately 94°C.).

The jars were held for one hundred snd twenty

4% All treatments with 100.0 ppm.
i<t Hot and cold treatments sveraging 95° C. aad
cooled 1n the same solution.



dsys 1n e nhumidity chamber which averaged 28° ¢
and 87,, relative humidity¥ Loss in weight by the
treated and untreated blocks is presented in TAELE

Iv.

PART FOUR

Synthetic vs Organic Medium

Two types of liquid medium were employed 1in
this part of the experimentsl work. -

Coon's synthetic broth (9) consisting of suc-
crose, 7.2 grams; dextrose, 3.6 grams; KNOz, 2.02
grams; Mgsou, l.23 grams; KHQPOu, 2.72 grams; per
1000 cc. of distilled water, was used in comparison
to 2% malt extract liquid medium, Four concentra-
tions (0, 1, 10, and 20,0 ppm. cycloheximide) were
used with esch type of medium and four replicates
contalning 50 ml., of medium per flask.

Fusarium sp. was grown on a 27% malt extract
agar plste snc cut with the 5 mm. rod for seealng
purposes. The seeded flasks were shsken contin-
uously for four days, efter which the mycelium

was strained, dried and weighed (see TAELE V).

$+Leutritz jars containing (uercus rubra blocks,
and romes igniarius var. lsevita;us gss the wood-

rotter were discerded. T1here wes nearly a 100
failure ot the fungus to spread to elther the
trested or the untrested tlocks from the feeder
chins.




The liquid media, and the mycelium, were retained
for future sntitlotic assay, as in TARLES VI and

VII respectively.

TART FIVE
Onion Root kesction

Onions which had heen germinated for thirty-
six hours in tap water, were transferred to flat
c¢ishes holding 100 ml, of distilled water cr 100
ml, of 1U0.0 ppm., cycloheximide in distilled water.

Four onions in esch dish were left for periods
of 1,2, and 6 hours in the cycloheximide solution
and In the distilled water checks. At each inter-
vel the onions were removed, and the solutions re-
tained for biologicsl esssy. After s one minute
wash in running water the onions were returned to
100 ml, of fresh distilled water for a3 twenty-
four hour leaching period.

Growth pestterns for compserison to TAELE I sre
found in TABLE VIII.

Altrhough the roots were reteined for assasy,
the absorption results were too indefinite to make

this step of any value.
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PART SIX
Culturael Inhirition

The inhibition in culture wes determlined with
the method cescrived in Part I (Piologic:l assay
techrique).

The graphs represent a single recetition with
trie exception »f Graph I constructed from the re-
sults of TAELE I, from which all unkrown cyclo-

beximide concentrations were estimated.

e

Graph 1[I 1s bssel upon dry weight of Porie

microspora growth in 5C ml. oI <), malt extract

ligquid mecis. Tvelve flasks tor each ot five cy-
cloheximide concentrati-ons - 0.0, C.01, 0.1, 1.0
ard 10.0 pyn. were held for seven csys st room
temperature, after whlch three of each corncentre-
tion were removed 2ana ﬁhg mycellsl dry welghts
noted. welght aeterminations were made for four
successive duays. 7Thus the graph is btesed upon
three replic=tions, while Graphs IV thru VII of

ientirus lepideus, romee 1¢nlorias vsar. laevig-

atus, Lenzites tresbes, anc Schizophyvllum commune

as the respective fungl, are with four replicstes,

and based upon linear messurements,



EXPERIVEITAL FESULTS
The master table (TAEL: I) was established
from the constant linear growth rates of Porla

mlcrospora on malt extract agar plates containing

known cycloheximice concentrations, The numerous
replicsted trials showed the method to Le adeguate-
ly accurste to check the experimental wcrk thet was
unaertaken,

The cholce of the funtus was forturste as its
high susceptibllity to the antibiotic allowec ac-
curate determinatiors of a small amount of cyclo-
heximice, The susceptitle fungus further alloved
an almost unlimited range for detecti n merely by
using dilutions fcr the hiiher concentretl_ns.

The fungus served edmirabtly also in that its my-
celisl growth on ggar plates is comcsratively

flat 2nd quite consistently forms an almost per-
fect circle. he malt extract (Difco, dessicated)
as a nutrient source wecs also found to yield re-
sults consistently within the ranges of the twentyg-
four hour perlocs, even when made up from two ¢&if-
ferent lots. A burette technique for cilution in-
to single plates under sterile conditions was found
to e less accurste then makiir; cilutions ot a vol=-
ume sufficient for the replicastion of four.

In periodical essays of the 1000 ppm stock
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solution of ecycloheximide, 1t was founrd that the
antibiotlic did not lose aeterminable gmourts of
fun;iciasl ectivity when stored in the refriger-
etor for perilocds uo to three months,

TAELE I, and Graph I, ircicate thst the aceter-
minetion of a 0.(l pim. concentretion is btelow the
scope of accurecy of the method due to overlapping
of growth ranges, However, the 0.5, 1.0 ana 2.0
oirm. cyclohex!micue growth ranges show clesr cut, in-
aejencer.t ranies at the twenty-four hour periocs.
This gave quite sccurate determinations when used
es the stendard for comparison to growth rates in
plates c.ntainirg unknown cycloheximide concentre-
tions.

The pletes with 5.0 ppm. concentration showed
no growth for the six day period, but did show
slight growth asfter the sixth day and .would recover
if the inoculum was transferred to a plaste contain-
ing ro cycloheximice. The pnlates containing a 10.0
ppm. concentrati-n, however, inhibited all growth
and the inoculum, when trensferred to a pure nutri-
ert sger plate sfter the seventh day, would not re-
cover,

It wss noted that, except in 10.0 po»m. end up,
growth on plates containing cycloheximide wes pre-

ceded by a markea ligshter colored diffusicr zone.
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TiRLE T

Growth rates of Porla microspora in 2% malt ex=
tract ecar nlates containing cycloheximide,
Master tahle used for blo-gssays

Rate of growth in mm,s

Day 2 3 n 5 6

040 ppm. 12.5 2243 58.0 }.‘.706 61.5

Renge 95 T2 25.2 T shs
t to to t

o o
14.5 2545 393 h9 3 63,2

0.01 ppme 1047 20.1 31,6 L2.2 52e7

Range 8.2 18,5 2.2 2647 h9 7
to to to to

12,2 22.7 35.2 45.0 56 7

0¢5 ppme 0 8.7 15,7 2047 2540

Rengs 8.2 11,2 17.. 23,5
to to o)

12,0 17.5 2u. 317

1.0 ppm, 0 6.5 945 15,3 13.0

Rangﬁ 5.2 9.2 1042 15.7
to to to to

Te2 12.5 17.0 22.0

2.0 ppm, 0 0 6.0 9.0 11,0

Range 5.1 8e5 9.7
to to to

702 905‘ 12.7

50 ppm,. 0 0 0 0 0

10,0 ppme and up = no growthe

# The dally measurements include the 5.0 rm,
inoculum disk, and sre based uwvon six trials
wlth reovlicates of four,
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The diameter ot the zone veried lnversely as the
corcentratior of the antikrlntic,
Tatle II, ard Gra h II demonstrate the growth

rates made ty Porla mlcrospora in pletes conteining

chromated zinc chlorice. As previously mentioned,
the chromatea zinc chloride was to be used as one
commonly erployed water soluble wooC preservative
Ir contrast to the antitiotic, cycloheximide, as a
wood preservative. OSince attempts'to snalyze the
ortgingl din ,ing solution of chromated zinc chlor-
tde niter the three minute aip irdicatea there was
st1ll the orisinul 5k s>lutior oresent, and a trial
calculated to vield lecching iigures showed no
leachin;y - even when concentrsted ten times, this
part of the experiment was dlscontinued. The teble
and ¢reph do show s possible stimulaticn Yty very
lowv concertrstions of chromated zinc chlorida, and
a sharp, dellmiting toxicity line es ooposed to the
gradual 3uvpression with cycloheximice when slight
dilutions sre made.

l1gble [I anc Cre.h II are, however, hgsed uvon
much lercer corcentr«ticon veristiors. In ppn. the
C.glo chrometed zinc chloride would te 2000 » m. and
the 0,%2% would be equivalent to 2000 pum. 7The crit-

lecsal toxicity point for Poria micrsspora in culture

7

is btetwesn 0.2 end 0.%275 or 2000 and 2%C00 v:m, of
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TAELE II

Growth rates of Porie microspore in 2% malt extract
ager vlastes containlrg chromated zinc chloride.

Rate of growth in mm,d
Dey 2 3 I 5 6
0.0% 12.5 2243 38,0 7.6 61.5
Range 9.5 17.2 25.2 377 5.5
to to to to to
145 25.5 3943 L9.2 3.2
0.1% 12,5 26.0 28.9 8.2 6042
Range 11.2 22.2 37.5 L3.0 59.7
to to to to to
1.7 29.5 39,2 18.5 £6.2
0.2% 6.5 1.6 21l.7 30.5 277

Range 6.0 12.2 1.2 28,2 2,2
to to to to to
Te7 16.7 26.0 337 29.7
0.3%
0 0 0 0] 0
Range

0.4% and up - no growth

# Each figure represcnts linesr measurements cf
Poria microspora teken at twenty-four hour in-
tervals, anc are an aversage of twelve plates;
e.g. they represent three trials with four
replicates.




chromated zinc chloride, as opposed to 10.0 ppm.
or less in the plates containing cycloheximide.

TAFLE III, showing results of the assay for
cycloheximlide content in the solution having had
the chips submerged in 1t for a three mirute dip,
indicates ‘that the ective sntiblotic content was
- materially reduced - by mechanicel adsorption by
the wood, chemicel alteration, or a comblnaticrn o~f
these factors. Two dilutlons, made for 0.5 ppm -
and 1.0 ppr. growth rate comnarisons to TARLE I,
show thet very little over 100.C ppm. cyclohexi-
mlide remalns from the originsl 200.0 ppm concen=
tration, The dilution mace for a 1.0 prm, read=-
ing fits the 0.5 ppm, dilution as found in TAELE I,
end the 0,5 prpm., dilution of the dip solution falls
just below the 0,01 opm. range. The two, cross-
checking each other, l2ad to the conclusion thsat
100.0 of the 200,0 ppm. cycloheximide was retalned
by the woodern chips.

Leaching trials I through V, in which the un-
dlluted leachlng water was used in the medium, in-
dicate a leaching of bet@een 1.0 gnd 2.0 ppm. for
the first leach (1), slightly over 0.5 in (2),
slightly less than 0.5 ppm. in (3), end progres-
sively less in trials (l}) and (5)s The original

solution, diluted for 1.0 prm. reading, falls
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TARLE III

Linear growth rates of Poris microspora on medla
contalning cycloheximide leached from Tilia glabrsg
chips,

Rate cf growth in mm,

Day 2 3 L 5 6
Sclution

Solution
after dip*l) 8.2 12.5 21.0 25.5 32.5

2) 0.0 8.2 13,2 1942 227

Leaching
trials
1 0 5.7  Te5 1042 15,2
2 0 8e2 12,2 17,7 2047
3 6,0 12,0 20.2 25.5 320.2
L 6.5 14,0 21,0 27.2 3.7
5 8.0 16,0 22,2 31.2 39.5

# 3Solution after dip: 1)- diluted for 0.5 ppm.
reading. 2)= diluted for 1.0 ppm.
The solution before the dip was diluted for
a comparlison with 1.0 ppm. in Table I, all
others were sassayed undiluted,
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perfectly in that cstegory in TARLE I.

The results of a modified Leutritz technique
(10) experiment are shown in TAPLE IV. Treat=-
ment (3), the 13 hour hot and cold bath in water
solution of the crude antlbiotlc, gave evidence
of cycloheximide being an excellent water soluble
wood preservative., The twenty=four hour cold soék
solution prensred from the crystalline product,
(Treatment 2), ylelded results which incicated that
the antiblotic was valuelets as a preservative, as
the treated blocks were moré severely rotted than
the untreeted in both renlicates. The twenty=four
cold soak in crystalline'prepared solution (Treat-
ment l}) was also found to be an ineffective wood
pr;servative. Althou h the treated tlocks lost
less weight thsn the untreated, the resulting filg-
ures were inconclusive. Treatment (5), an oil
base cycloneximide solution, was entirely incon-
clusive, varying tetween the replicates,

All results mey have tieen alfected by the high
humidity at which the jsrs were held, particularly
as the ontibiotic wes used as g wster solutble wood
creservative. High humidity mey lead to a higher
loss in welght percentage when using the Leutritz
technique (10, page 11).

Northern white cedar, Thuja occidentalis L.
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TABLE IV

Percentage loses in welght of quercus rubra blocks

after being subjected to rotting conditions used

in the Leutritz technique.

Treatments:

% loss in weight

(1)

Cold sco2k in crude cycloheximide Treated 11.3
solution for 2l hours. Check 67.8
Treated o1
Check 67.6
(2)
Cold sosk in crystelline cyclo- Treated 1547
heximide solution for 2l hours. Check 9947
Treated 70.5
Check 8.1
(3)
Hot anc cold tath in crude cyclo- Trested 1.6
heximiae sclution for 1z hours, Check 10949
Treated 1.9
Check 7249
(L)
Hot and cola bath in crystelline Trested 8Z.O
cyclohsximide for 1% hours. Check 1,649
Treated 2el
Check 9.9
(5)
Hot dip (3 min.) in crude cyclo= Trested 55¢3
heximiae plus crankcase oil, Check 8
Treated . 109.Z
Check 118,

# Test blocks removed after 120 days in a humidity

chamber avereging 28" C. and 87% relative humidity.
All treatments with 100 ppm. cycloheximide - Poria
microspora as the test fungus,




ferce posts were given treatments identical to those
listed for the Leutritz trial, arc were plesced be-
neath greenhouse benches In four replications, After.
seven morths, vlisual observations yleld no indica-
tiors of the superiority of one treatment over the
others,

In TARLE V, 1n which iIncresse in mycelial
weignt of Fusarium sp. in syqthetic end organic
lig»id meala 1s coumpared, the Coon's synthetic me-
ais is showrn to te superior to the ¢7% mslt extract
when used with no cycloheximice concentration. Al-
though there 1s a greater weight increase in the
synthetic medium flasks containinc 0.0 ppm. cyclo-
heximicde, the flasks of this same medium contsining
10,0 ppm gra 20.0 ppm. cycloheximice shcw consider-
atly less mycelirl growth than in the 2% malt ex-
tract with a 10 and 20 ppm. cortent.

The synthetic medium 1s evicently supcrior to
the malt extract liquid medium when the antibiotic
is not presert, but inferior for producing mycelium
when the antibiotic is added, 1.e. the furgus 1s
less inhlblited in 2% melt extract medium containirg
cycloheximide than 1t is In the Coon's synthetic
mediwn containiﬂg the same amount of cycloheximide.

The dift:cult analysis of TALLE VI, in which

the antliblotic sssays of the two media 1s presenteq,
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TAELE V

Comparison of Fusarlum sp. dry mycelial welght
increase grown in two aifferent media contein-
ing cycloheximide,

ppm, Coon's Synthetic 2% Mnlt Extract
. Grams % Crams
Increase Increase Increase Increase
0.0 1120040 0.071L 2)111.7 0.0580
1.0 2929.0 0.0668 3652.9 0.0621
10.0 21,05.8 0.0409 269l.1 0.0458
20,0 2017.6 0.0343 2576.4 0.04328




ylelds evicence of entitiotic nresence, hut also the
bresence of at lesst one possitle metabolic product.
The synthetic wmedium originally containing 1.0 ppn.
cycloheximide, ana the synthetic medium check, which
were ailuted one psrt of substrate with one part
fresh 2% malt extract medium, showec no evicence of
either cjycloheximice or a metesbollc product. Eoth
fit well into the check rangce of the assay table
(TARLEL T). It the antiblotlc were present in 100%
active for., tne originel 1.0 pnom sutstrate asssy
should tit the C.5 pzm. range in TAELE I. The malt
extract check medium however, gives evidence of the
presence of a toxic metatolic product when sssayed '
in the same manner. toth the check and the orig-
inal 1,0 ppm. medium gave considerable inhibition.
The check media for the 10.0 and 20.0 ppm. cy-
cloheximide flasks, were diluted one part of sub-
strate to nine parts of fresh and one psrt to nine-
teen parts of fresh medium respectively. The growth
on assay plates shows definite stimulation of the
linesr growth rates when compared to the check
growth 1In TATILE I. Stipuleting thet the stimula-
tion 1s not only acting upon growth in the check
media flasks but also upon the noticeebly inhibited
growth on the plates containin, media from the 10.0

ard 0.0 gpm cycloheximide flasks, TARLE VII is
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TAELE VI

Growth rates of Poria microspora on cjp melt extract
g;er containing TuLsTreéle ITom Twd difterent medla
wnlch had supportea iungal growth in cycloheximide
concentrations.#

Rste of growth in mm,.

Coon's Synthetlc

Cay 2 z in 5 6
¥rom flasks
conteining
1.0 pom, 11.0 22.7 32.3  L3.2 LE.5
0.0 ppm, 13,0 245 37.0 L47.5 59.0
10,0 ppm. 7.5 16.5 23.5 29.5 25.0
0.0 ppm., 16,0 28,0 Li.0 52,5 6.2
20.0 pome 5.5 11.5 19,0 24.7 29.5

0.0 prme  18.2 30,0 L43.6 53.7 6L.5

Malt Extract

1.0 ppme 7.0 11.5 20.0 28.2 35.5
0.0 ppm. 7.2 12,0 2l.2 32,0 L0O.0
10.0 ppr. 10,7 2047 2947 3Te2 L5.2
0.0 ppm., 17,0  28.2 U41.7 She2 67.0

20,0 ppm. 10.5 19.7 28.7 326.5 L5.5
0.0 ppm. 17.0 30s2 Ulo7 5SLeT7 6547

# Medla in which cultures had been grown was di-
luted, hoping to avoid action by possible met-
sbolic waste products, i.e.; original 1 ppm,
media diluted 1 to 1 to yield 0.5 ppme cyclo=-
heximide if the original amount is avallable,
and check media also diluted 1 to 1. 10 and <0
ppme diluted (1 to 9 and 1 to 19) to yileld 1
ppme. and compsareble dilutions with the 0.0 media.
C1llutions made with fresh 2% malt extract. Re=
plicatecd four times in all cases,
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TAELE VII

Revised liquid media assay showing growth rates
efter removal of the stimulation factor,

Coon's Synthetic

10 ppms  (day) 2 3 N 5 6

% stimuletion 28 25 16 12 Iy
Revised rate 5.l 12,k 19.7 26.0 33,6
20 ppm.

Z stimulation 15 2l 15 1 5
Revised rats 3.0 Teb 16,1 21,2 27,0
2% Malt Extract

10 ppm,

% stimulation 36 26 10 i 9
Revised rate 6,6 15,3 26.7 32.0 L1,3
<0 ppm.

% stimulation 356 35 10 15 7
Revised rate 6.6 12,8 25,8 31,0 L2.%



oresented with figures showine the percentage stim-
uletion In the creck plates snd thcst percente;e
subtracted from the stimuleted growvith as found in
TARL: VI. Af'ter the elinminatZon of the stimulation
factor, the assa:s, all of wnich were diluted for
compsarison at 1.C »om. concertration in TAELE VII
ere as follcwss: the 1C,0 ppm. cyvcloheximide 1in
Coon's synthetlc riedium asseays at slightly less
than C.5 pom. Indiceting that 50j% of the cyclohexi-
mide was unavallable or gltered; the 20.0 ppm. syn=-
thetic medium sssays directly in the 0.5 pom. range
in TAELE I, indicating that 75% of the activity cf
the antibiotic was missing. The 10.0 ppm. cyclo-
heximice in malt extract assay shows a concentra-
tior of the antibiotic slightly more than 0,01 ppm.
cycloheximide, indiceting thst 0.1 ppm was present
or approximately 99% was inactive. 71he 20.0 ppm.
In malt extract assays et nesrly the same level as
the 10.0 ppm. flask. The aifference between the
theoretical 0.1 ppm. present in the supposed 10.0
ppm. malt extract medium and the (0.2 pom. in the
20.0 ppr. cannot be determired ty the method used.
It is okvious thet there is much higher retention
of the antibiotic by the malt extract medium. The
possibility thst the antibiotic was previously

utilized by the fungus 1s unlikely, since the



synthetic medium was the uore suitatrle medium when
o artitiotic wes sdded.

Since the media retaired or eltered the anti-
biotic, or it was taken up by the fungus, an assay
on the dried mycelium wes made. “The results in
TAELZ ViII indicste that the cycloheximide was not
oresent, in cetectable amourts, cr was altered so
as to eliminate any chance of anti-furgel asction in

’the &ssay. Hao the 0.1 grams of mycelium added to
the 100 ml. of meaia been one thousarath part pure-
cycloheximide, 1t coula have been assayed as an
agproximate GC.1 ppm. concentration. %“he ,rowth
rates gll fall within the check range ss found in

TA

ro
to

- .Lo

The results in TATZIE X incicete that rno enti-

tiotic was taken up ty the onicn roots when they
vere imrersed ir the 100 pomi. cycloheximice for
tne 1,2,L4 <n¢ 6 hour periods, However, the water
In which the roots were leached for twenty—four
hours and gssayea unciluted, gave irdiceticns as
followss: the one hour dip assayea very close to
0.5 ppm., two hour dip at 0.5 ppm., four hour clp
et slightly over 1.0 ppm..conceqtration, and the
8ix hour dlp 2t 1.0 ppm. cycloheximice concentra-
tion.

.

The results indlicate that very little, if any,
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TAELE VIIT
Assay of mycelium grown in two different media

conteining cycloheximide,.#

Coon's Synthetic

Rate of ¢rowth in nmum,

Day 2 3 Ly p) 6
From flask
contalning
0.0 ppme 13,5 2.7 25.5 L48.5 62.5
1.0 ppme  14.3 26.0 45,0 477 6040
10,0 ppm, 11.0 21,0 28.7 38.7 52.7

20,0 ppme 1043 19,7 29.7  L2.7 5543

Malt Extract

0.0 ppme 1047 21,5 32,0 L3.0 5€42
1.0 ppms 10,0 19.2 29.7 L2.0 £6.0
10,0 ppm, 11,2 20.5 31,2 3.5 575
20,0 ppm, 13,2 26,0 26,2 6.7 59.7

# The washec mycelium from the Coon's synthetic
broth and from the malt extract liquid medila
were collected after welihing, pulverized, sand
0.1 gm. added to 100 ml., of 2% malt extract
g¢;ar for the assay with Porla microsoora.




of the antitiotic was taken up, tut positive evi-
dence ¢f inhibitory mesteriel, posesitly cyclohexi-
mice in the leaching water, 1s shown with the tech-
nlgue used.

when diluting ore milliiliter from the 1CO ppm.
originel soskling solutlion to 99 of pure weter, the
possibility arises that ten, twenty, or more ppm.
could hsve teen taken up and thst the 0.£ or C.¢
rpm. could not be differentieted from 1.0 ppm. Ly
the tlo-assay technique. in the esssy of the leach-
ing¢ wster, however, tre undiluted use would sllow
assaylirng of the smell emounts.

The indicztions sre ther2fore, that the amount
of sntitiotic teken up in the sricinsl dip could
not be detected by dilution from a concentration es
high as 100 ppm., but thet 0.5 -prm. wss leached
from tke one hour ard two hour dips, and 1.0 pp~.
from the four ard six hour dips. Unfortunately tkre
lack of dats as to the quantity sbsorhed sllows no
conclusions gs to whether all or only & percentege
cf the antiblotic was removed in the suhseqguent
leachlng process.

The assay of the check plstes gave no evidence
of stimulation or inhitition from the presence cf
the onion rosts for the 1,2,4 «nd 6 bour periods.

Graph I[II bessed upon the dry welcht cf mycelium
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grown ‘n 1liguld 2, malt extrect medis, shows s trsc-
ual suppression 0f total growth - graaing throﬁgh
the suppression of a growth peak - to total inhlb-
ition in 1.0 and 10.0 ppm. cycloheximide. The graph
elso demonstrates thst the entitliotic 1s more effect-
ive in the liquicd media which conta’ns no ager.
Crowth 1s not totally inhibited in sgar plates con-
tainlng the seme, 1.0 ppm. concentration o1 the
cycloheximicde (see TAELE I and Craph I).

Crephs IV throush VII show the irhitition bty
cycloheximide of four common wood-rotting fungi.

All except Schizcphyllum commune were totelly in-

hitited ty the =z ppm. concentration,



DISCUSSION

The btio-assay technique develoged for use in sub-
sequent trials problng the actlion of the antibiotic,
wes found to be an sccurate standard for determining
very dilute, unkncwn cycloheximide concentrations by
comparison of growth rstes in agsr pletes,

The Leutritz technique showed thet the crude cy-
cloheximide was an effective wood preservative. How-
ever, despite the high retention by wood, and extremely
high toxicity of the antibiotic to wood rotting fungl,
crystalline cycloheximlide treatments were not as con-
clusive as the treatments with the crude product. In
a leaching comparison, chrometed zinc chloride gave
evidence >f resisteance to lesching, but needed two
thousand times the concentration for the ssme cultural
inhibition as cycloheximide,

Possib{e explanations for the inconcluslve re-
sults are found in the very high humidity et which the
jars were held, and in the fact that the extremely
toxlc substance leaches out in amounts sufficlent to
permeate the soll water with a lethal dosage of the
antibliotic,.

An explanation for the superiority of the crude
product 8s a preservative should be soughte Also,
since the leaching trial was undertsken using the

crystalline antibiotic, there 13 & possibility that
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the crude cycloherximide preosration would not yield
the same leechlng results,

The results siso inaicate that cycloheximide msy
be of velue as a killin: egent to be saaed to inorganic
rreservatives anc water reoellents.,

The experimental results also showed that the cy-
cloheximiace wes not as active as sn Inhibiting sgent
wher In a highly organlic macia., Greater fungal growth
wes found 1In a synthetic broth contailning only sucrose
and¢ aextrose as carbohydrate source, than in a 2% malt
extract medis., It was definite that one or more sub-
staneces found in the malt extract - proteins, verious
carbﬁhydrate and nitrogen sources, and enzymes or
growth regulstors - served to glter or retain the enti-
blotic. Agsr also seemed to retain the cycloheximide,
as a 10 ppm, concentrstion would inhlbit a1l growth in
g ligquid mediur, tut would not totally inhibit in the
same medium in ager plates., There was however no
apparent recovery oif the cycloheximiae from the dried
mycellium which hed obviously absorbed and asltered or
"closely retained the antiibiotic.

The above facts indicate thet further work could
narrow the number of organic compounds showing high re-
tention, and might yleld more valild recovery data if a

lsrger mycelisl mass was gssayed. A leaching stuay on

growlng mycelium should also be undertaken,



The lack of vositive absorptive results when
onlon roots were c¢ipped in 100,0 ppms cycloheximide
solutions for one, two, fcur snd six hours suggests
that more valid results might be geined by lowering
the concentration of the originsl dipping solvtion,
The lower initisl concentrstion should sllow an assay
if caly 10.0 or 0.0 ppm. cycloheximide are taken up
by the growine. tips. This could be alded further by
the use o2t more onion roots per 100 ml. of solution
to incresse the proportional surface srea. Valid re-
sults as to the emount of removed antiblotic sctivity
compered with thet leached from the roots would yleld
the quantity actually held ty the roots.

The onion rcot absorptlon was uncertsken, not
only for purgoses of determining action of the anti-
blictic when 1n contact with the growing tips of higher
plants tut with the hope that 1ts absorptive power
could be correlated with cytological aberrastions found
to be caused by the antibintic. Wilson (18 1950) found
that cytological recovery of tke antiblotic was impos=-
‘sible from initiel dlpplngs ir c¢oncentrstions up to 200
ppm. cycloheximide. Also, the cytological results in-
cregse after the onion roots are removed from the cyclo=-
heximide solution and placed 1In the pure water,

As previously mentioned, a low concentration in the

original onion root c¢ilp solution should yield s valid
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assay as to the quantity of the sntiblotlic absorbed;
this coupled with the 9sssy oan the leaching wster
could lead to correlating granhs constructed from
cytologlcal aata and from the retention data.

Another line for possible continued study would
be the investigation of the noticeably lighter colored
zone produced by the fungi growing in the malt extract
2ger plates containing cycloheximide, There is e
nosslbility that the zZone represents removal or alter=-
ation of the antibiotic end is a diffusion grsdient
established by the fungus prior to its linesr growth,
Whatever the cause, 1t shouid be investigated for cy=

cloheximide content,
CCNCLUSIQNS

It was found that with s blological assay using

Porla microspora snd 2% malt extract eger, it was

possible to detect cycloheximide concentrations in
amounts as low as 0,5 ppm.

The cycloheximide was shown to be forcibly ab-
sorbed by the wood used and could be lesched out in
guantities very near 1.0 ppm.. Despite the high re-
tention and toxicity, the erystalline antibiotic was
not sn effective wood preservative in all trials st-
tempted, however the crude rreparation showed excell-

ent preservative pronerties,



Cycloheximide was also shown to be scmewhst less
effective as sn inhibltirg egent when used in highly
orgenic media., The assay of the medium in which the
fungus was grown indicated that from 50% to spproximate-
ly 99% of the antibiotic wss removed or inactivsted by
the growing fungus. The synthetic medium contalning
cycloheximide suppressed fungal growth more than the 2%
malt extract medium with the ssme antibiotic content.
The negstive results in asssying the dried mycelium 1is
an indication that.antibiotic activity of the cyclohex=
imide was sltered or destroyed.

The antiblotic also gfave Indications of being ab-
sorbed by growing onion roots. The amount absorbed was
impossible to determnine due to the high initisl concen-
tration, but the leachirg data showed thet 0.5 ppm. cy=-
cloheximide was leached from the one and two hour dipped
roots, and 1.0 ppm, from the four and six hour dips.

An assay of onion roots treated in this manner indicated
that the amount of cycloheximide present was too smell
to be assayed, or that the antiblotic was in an altered,
non-toxic form.

Substantiation of the data indicating that the anti-
klotic is considerably less active when in contact with
orggric matter, wes found in the replicated liguid

culture growth of Porla microspora. The fun:tus was

totally inhibited by s 1.0 ppm., concentration in the



(39)

1iguid culture, tut not by this same concerntratlon in
agar plates,

Cycloheximide was shown to be highly toxic against
four representative wood=-rotting funsi, using linear
measurements on agar plates sgs a basls tor compsrison,
Three of the four were totally inhibited by a 2.0 ppm.

concentration.
SUNLMARY

Pertinent facts brought out as a result of this

work are as follows:

1, The antibiotic can be assayed biologically for
concentrations as low as 0,5 ppm..

2. Cycloheximide was extremely toxic to wood-
rotting fungi in very low concentrations, and
wes an effective wood preservative in two
trials, but of doubtful value in others.

.

3, Cycloheximide is forcibly atsorbec by wood
tissue, and released in minute gusntisies on
subsequent leaching 1in water,

L. The antibiotic is less stfective as a fungal
inhibitory agent when in highly orgenic media

as comnered to a synthetic medium,

5« Cycloneximide 1s absorbed ty growing onion roote,

snd can be recovered by leaching these growing
L

roots.
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6. Recovery of the antibiotic from dried my-
celium anc cried onion roots was not
possivle under the concitions of the ex-
periment,

T Suggestions tor further research ere s
follows:

a. Study of possible gbtsorption,
translocation, end recovery 1in
higher plants.

b. Hepetition of wood-rotting tests
to prove or disprove that crude
cycloheximide was superior to the
crystalline product for wood pre-
servation. A leaching study with
the crude procuct would be valuable,

ce Investigation of poscsible selective
retention by organic compounas in
nutrient media,

d. Study of the mass effect upwon re-
tention by mycelium end higher plant
tissue.

e. Attempted recovery from larger masses

of orgenic tissue,
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Greph I

Linear ¢rowth of Poris microspors in 2% malt extract
agar pletes contalning cycloheximide,

0.0 ppm, cycloheximide
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Graph II

Linear growth of Poria microspcra in 2% malt
® extract agar plates containing chromated zinc

chloride.
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Graph III

Cultural inhibition of Poria microspora in 2%
malt axtract 1liquld medla containing cyclohex-
imlde,

//
/
7
, ——
//
//’ ./
o/.
./
O cmm—— -
=== 0.0 ppme cycloheximide
———— oo 0.01 " n
Snmm— O O.l " n
——x 1,0 and 10 ppm. cycloheximice

# Increased to mg. for graphing.
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Graph IV

Linear growth of Lentinus lepiceus in 2% melt

extract agar plates containing cyclobheximide.
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Graph V

Linesar growth of Fomes 1gisrius ver. lsevigatus
in 2% malt extrzact plates ccntalning cyclcocherimide.
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Graph VI

Cultural inhibition of Lerzites trsbee in 2% melt

extract ager pletes contsining cyclohexlimide.
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Diameter in millimeters

Cultural inhibition of Schizophyllum commune in
2% malt extract agar plates conteining cycloheximide,

(L7
Graph VII

0.0 ppm. cyclohezimlde
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