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,phosphamidon ‘in 1968 and 1969 were b

" Introduction -

The eastern hemlock 1ooper, Lambdina fiscellaria .

fiscellaria (Guenee) is i serious defoliator of balsam fir (p

(Abies balsamea (L )-Miller) in Newfoundland.' Outbreaks

last from 5 to 7 years with 5 to 12 ‘Ye&rs between cycles.

. The 1966 outbreak covered about'2 million acres by 1971. i

;uAerial spraying programmes.u51ng feqﬁ;rothion ‘and '

feved to be effective

. Iin terminating the: outbreak in treated plots. Infection by-.*

'two entomogenous fungi Entomophthora egressa MacLeod and

Tyrrell and, Entomophthora sphaerosperma Fresenius also

“~"contributed ‘to the’ collapse of several infestations (Otvos

et al., 1971; Otvos et ale,. 1973) 7

The application of E. egreasa and E. aphaerosperma

1in biological control programmes for the eastern hemlock
'-looper appears promising ‘based on a 5% to ‘95% incidence of
. infection in the field. ' Otvos et al., (1973) reported the

fitransmission of E. egressa to heaithy larvae in the field

from . larvae artificially infected with the wall-free proto-:
\

‘[ plast stage. The fpngus also has been reported in the spruce

B budworm, Choriptoneura fumiferana 01ema (Vandenberg and

v Soper, 1975) It is ‘the thick-walled, environmentally . ‘;;f
xrresistant, resting spore stage which appears to offer the .

f-greateat potential for field application (Tyrrell 1970)

“'but the. practical utilization of Entomophthora species as_,u'

BBy g R, 20 2,
5T ?i"“"ﬁ’T: TR

W OGP,




: -',logical and nutritional *requirements as’ well as - the

' -Biochemical analys:.s of the host larvae were also done.

- environment provided by the host and allowe,‘

' 'modification of Grace 8 modified medium. .

LT — '

_."microbial pathogens has been hindered by the inability to

' .j_'mass produce resting spores (Matanmi and Libby, 1976)

e ‘.‘

~

morphological development of the fungus were exam:n.ned

-

Tyrrell and MacLeod (1972b) discovered the wall free

; protoplast stage of E. egressa whep conidia,Lobtained from

o J.nfected looper 1arvae in Newfoundland, germinated in

N <

'oGrace s modified insect tissue culture med:.um (Grace, 1962)

g .Serial propagation of the protoplasts was readily accom—- .'

pliéhed. /It was this feature which made the protoplast
rd

- stage the preferred stege for experimentation as opposed to

'..Kogler s coagulated egg yolk medium (Muller-Kogler, 1959)

'3 'I‘he compositfion of Grace 8 medium is fairly well

: -'defined, although composed of many components and having
fetal calf sérum as the major non defined or complex com

'ponent.. The . natural host was generally available for R

is believed to grow :I.n the haemolymph and de troy fatty
.tissues. The former determinations were in trumental in

i ; formulating med/a which reflected more clos ly the chem:.cal

for reasoned

he nutr itional and

Because of ‘the potential ‘of E. egressa the phys:.c- .

the difficulty of maintaining the mycelial stage on Mu'ller-"

'_ninhydrin—posn.tive analys:.s of the hemclymph .as well as tctal ;

_l.rpid and fatty acid analysia of whole 1arva 'I‘he pathogen

‘ morphological behaviour of the fungal ce11 on Grace '8’ medium .
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( ' - 'Litésature Review ., . /.

;}' o .
, The majority of protoplaste derived from fungal

-.,mycelia and yeasts have been produced by the use of enzymes-'

‘such’ as the gastric enzymes, e. g helicase of Helix pomatia'~

L; combined with cellulase f£rom Aspeggillus niger Teigh

"and extracelluIar enzymes of species of Streptomyces

-(Villaneuva, 1966, Gabriel, 1968, Mu31lkova and Fencl 1968-'

Peberdy and Gibson, 1971; Seitema and De Boer, 1973; Kopecka,
e
~1974, and Akimenko et’ al., 1975).

Berliner-and Reca (l970)
B reported the development of protOplaste from types A and B'
'.of the parasitic yeast phase of the human pathogen Hfsto-f'

Tyrrell

'”plasma capsulatum Darling in 2 M, magnesium sulfate.h

-'\u;and MacLeod (l972b)described the development of Entomophthoraf~

egressa protoplasts from conidia in Grace ‘8. ineect tissue‘
_gculture medium (Grace, 1962) eupplemented with heat

S fiinactivated fetal calf serum. .
) \

The removal of the protOplast forming enzymesqand
the transfer of p@otoplasts to a nutritive medium usuall\)//f

'.’iniatiated cell—wall.regeneration and mycelial development.5

. Protoplasts of Rhizopus nigricans Ehrenberg (Zygomycete'

L Mucorales) (Gabriel, 1968) and a species of Pythi (Seitema

and De Boer, 1973) 80 treated did not exhibit the diversi—

zfication -of regenerative patterns reported for Aspergillus‘

o hidulans (Eidam) Winter (Peberdy and Gibson, 1971) and

"f?Fusarium culmorum (Smith) Sacc.-(Garcia-Acha et al.,ﬂﬁ966)

o Gabriel (1953) reported the development of a cell wall

— L
tts .




1

‘rsion prosess consisted of the formation oflﬂ ;

a* shell into wh’ch the cytoplasm migrated g?ttsma and De;;f

- of thhi PRL 2142 using both solid and liquid media..'W

"'1; The- sthdy of: nutritienal and physiological require-v.f

il

ments;of protoplasts has been limited. Villaneuva (1966) .

' ”reported»on tH§ vitamin requirements of. the walled yeast/’

Saccharomyces cerevisiae Hansen and the protoplast stage.p.'

The effects of smolarity on respiration of the protoplasts

' f om yeasts were) also . considered b

Temperature is one’ of ‘the- limiting factors for the. -

gr'wth and development of Entomophtnbrg.species 1n the

: naéural environment (Hall and Bell 1961) Vegetative growth:'

has been reported over a temperature range of 15 c to 30. C."“

-~ 1

..Tne
'Hall and’ Dunn,,E obscura Hall ‘and’ Dunn” was 24° C (Hall and
' Bell, 1961) Gustafsson (1965a) reported the- optimum

'temperatures for eight species of Entomophthora grown on both
/

‘,Sabauraud maltose ‘broth and. agarﬁ' E. exitalis Hall and Dunn B

+

E. dipterigena (Thaxter) Gustafs, thaxteriana (Petch)

A"Hall and Bell, E. aEhidlB Hoffman, E. ovisggra Nowakowski Do

) and E. sphaerosperma Fres. grew and sporulated well‘over a'
: : ‘ - ~’f.

'-@".

-

ptimum‘temperature for’ vegetative growth of E 1gnob1ie f_i“




‘./'I i »".’_ "",.f: .‘.-, ",. -
. .- .-J\ - " /_/

LS e K

‘“, temperature range of 20 C. to 25 c. The precfse cardinal :;U'

o emperatures were'species variable. E. virulenta Hall {nd .

- .

. 3¥nn when grown on Sabouraud dextroae agar possessed an | et

Ry

|

| N
timum temperature of 30 C (Hall and Bell 1961). o -J
: Sawyer (1929) reported/the optimum PH. for vegetative f
i

. growth of E. erosperma to be pH 6 2 with upper and 1ower S

. cardinal points of pH 5 8 and 8 2, respectively.. wolf (l951) [
R documented the optimum PH values for E. aEicula%a as “pH 5 5. _'ff,;) .;
“,—-f:,f-{' to-7 0.: Gustafsson (1965a)4on the baSis of his data pro—:ﬂ ;f o

- o posbd a feature common to the Zygomycetes to be the wide pn 7 1;/5-":

B L l '7@”"range tolerated.l Entomophthora species grew well over a pH }Qif

ran;e of 4, 5 to 7,& Entomophthora egresaa exhibited a~fp. /" : ;
"5f f-f; ,'narr?w tolerance range of pH 5.6 to pH 7. 5 Wlth an Optimum / o

y; '.'f”’:'_[fj:\ pH of 6. a. . ‘;’~'r‘ | ~._ - *f'e-' '-."f.i\”l-" N

: : . [
- !

ﬁf. -7__.'.;‘, L The obligate parasitism of many species of {-H : ”/' ‘ef

| Entomophthora and their sparse growth on coagulated egg yolk
lmpllLB the need for specific growth factors,dSawyer, 1929 :
Iﬂ~'Latge, 1975a). Sawyer (1929) auccessfully cultivated_E>/;“:};1;:ﬂ

’ sphaerosperma and E..muscae using complex natural products ' ;-:4;

- _ ST P ' s

The v1tamin autotrophic nature of many species’of the R

Toaa T

’): Order Entomophthorales has been well documented. Wblf (1951)
i‘j demonstrated Vitamin autotrophy for E. api culata and E. .

’ coronata (COat ) Kevorkian ((Delacroxia coronata (Sacc and

Syd) Tyrrell and MacLeod (Tyrrell and MacLeod 1972a) n with
_ ' ;f confirmation for . the later . species by Smith (1953) L:tge "
#:' h..u "f?,' (1975b) reported E virulenta, E. destruens Weiser and- Batko a,jl
WA "‘:;."‘1. Basidiobolus ranarum Edam and Conidioboloua osmodes Drechsl.

5 L - SO Tl
S Ll . Cooe - T T

¥
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...;_to be yitamin autotrophic_

L bg Sawyer (1929), Wolf (1951), Gustafsson (1965a)and ;.’
";}:” Latge (1975b) reported that nitrates were not utilized by"
'jmany sgecies of the Order Entomophthorales, whereas ammonia '

. |
) found that the )

/

o 0]
jwas reedily assxmilated. Latge (19

anionic component of the ammonium_ a t influenced fungal

Tdevelopment. The sulfate and ac tate, salbs of ammonia

‘lfsupported growth and sporulation' B ranarum, C osmodesi."

J:E, destruens and E. nr- thaxteriana,'while ammonium nitrate

~

:jdid not. Gustafsson (1965a)reported ammonium nitrate uptéke:f:fg'gff{,,_

_,.by eight speciea of Entomophthora tested. o

In general amino acids appear to be: poor carbon . ')/f.”

:-lésources forﬂlower fungi (Gleason, 1968). Nolan (1970),-
4‘1 Nolan and Lewis 11974), and Nolan (1975 1976) followed amino ' (;

”.“IaCid and amino'derivative uptake for representatives of the'

eforders Blastocladiales and Saprolegniales grown 1n a liquidﬂj'éf;f. i

I:medium containing a mixture of amino acids with and without- | ’
a readily usable carbon source throughout a growth curve.i |

T; - S i, The effects of deleting a, carbohydrate favoured increased‘/j

- K . ammonia;production and a more rapid initial decrease in the

U 1evels 'of a. few amino acids than when a. carbohydrate was '

gff' Y ;qu~' supplied. The rise in ammonia concentration was. believed to'lf

o | o f be the result of oxidative deamination._ wolf (1951) and |

Gustafsson (1965a) detected she ability of E. agiculata and B

- D coronata to use amino acids as, carbon sources.f'This_was"

,-also true for E. culicis (Gustafsson, 1965a).

. .i;ﬂ/:;f{, : ' Wolf (1951) in his study on D3 coronata compared the -;;/ .
. L et ) -
» b




S~ S P
abi}ity of 24 amino acids to support vegetative growth and

-.found that arginine was best. Latge (1975b) tested, int~;'
‘addition to indiyidually added amino acids, an. amino ac}d
x‘mixture and protein hydrolysate solution.5 The effects were'
';:considered in terms of vegetative growth,'conidia and resting '
3«A:~--spore production. All organic nitrogen Qources favoured '

-1extensiveemyce1ia1 growth. Ohly protein hydrolysates yield@d

l.',, S

'."good"'to excellent" resting spore productionx _;?_
_ - ‘In terms of sporulation and growth, the'\ffects of
':?individpally added amino acids varied within a’ genus and }if;

Abetween genera of the Entomophthorales. Basidiobolus v

uranarum was the most metabolically versatile in terms of

-_fsporulation and C.'osmodes was second ’ Resting spore pro-:

/f-V.:ﬂuction was moderate among the species of Entomophthora

L tested (Latge, 1975b).1-._","- E,’,:"f’w?'* .;f.""j..ui.’-”

Pelletier and Keitt (1954), Cochrane (1958), Nicholas _\'\
.(1965), and Moore-Landecker (1972) stated that fungal sfr;jrg;“”

e R
development is usually better in a medium with a mixture of I

- different amino aoids than with any single amino acid.'f : fa'jfsq

-Q_Latge (l975b) reported this for representatives of the Order
ZZEntpmophthorales.-"“ o L L .
Gustafsson (1965a) reported utilization of the fattyv- Tl

b Y

. e acids c16 0 C18 0, and ClB 2 by E. culicis, E..curvispora.

ovispgra, Er sphaerosperma and#/onfirmed°Wolf's (1951)

',ffindings for E. apiculata and D. corbnata. Entomophthora o

e

| virulenta and E.- thaxteriana also used qyese fatty acids';ﬂ.;'f”

(. 7
(Gustafsson, 1965a; Latge, 1975&).:q L _
E [f.' Co {4":_ Two patterns of lipid synthesis in the lower fungi
" S ',. N ' .o B . i . / ..,_ o s . .

RERTS J_j e




,/'reproduction.- The Oomycete,_Pythium ultimum Trow tended to
S

T l974) The fatty acid distributron in theazygomycetes 15;4._

;ﬁp less complex thandother loﬁer fungi Tﬁe Thamhidiaceae and -':,.t”{{ﬁ

‘Iftf la greatér abundance of fatty acids of the c20 and c22 series ::'>73.jiﬁ

R AR <
. R qhave been reported by Weete (197ﬂ).-'During the experi— : i
R S
o .-~mental growth phase of Rhizopus arrhizus Fisiher there was'.w .t
) "‘194 . \ . e
ﬁba rapid synthesis and accumulation of lipid._ Lipid . }'fg‘:-

‘ “Kutilization occurred during the stationary - reproductive i
/ﬁeriod.- The. reduction of lipid may have»been a: reflectﬂon .K\ilflf”

of nutrient'exhaustion or metabolic changes inherent in

N

o accumulate fat as "the myéelium aged .\.:~~f‘f',;jz”fffh~ﬁfj“fl

.i;gf . One of the 1nteresting features of the fatty acid ..f72f“u"'§1?

< profiles of the lower fungi is the formation of c18 ¥ A5 9,12 "er

Y e e
(y —-linolenic acid) (Shaw, 1965 1966; Tyrrell 1967; Weete, SRR

l*

\\ Mucoraceae produce unsaturated fatty acids up to ClB 3 the ;’m

NN

“,"Entomophthoraceae up to 020 4% The Zygomycetes also contain

~5than the ‘other lower fungi (Weete, 1974).» Tyrrell (1967)

erund that the most salient feature among 17 isolates of

-

:,Entomophthora was the pre@ence of high levels of Cl4 0 and N R

' 'C20 t4. fatty acids.l The fatty &cids C16 0 and C18 3 were also .ﬁt'i [
'.fabundant tfj AR '.; . o RPN j':-; fi,i .
L e e L .
; o . ) ! L .“m_.:.f".'_ s ".__' '.. / 2
{ . L ,.' o i ‘. . " A
‘/zwi_g:* N < it P ;
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I Protoplast preperation and‘meintenance

Entomophthora egressa (isolate 458) was obtained R

IR ‘ Canadian Forestry Service, Sault Ste: Marie, Ontario) én

v - Al

T medium.'”_-f ST o ,,_~g oo

. i L . ol : L

7;}"i'7t7'_f —in.cally added to a clinical centrifuge tube,‘suspended in v

' Grace s modified insect tissue culture medium (Table l) and

(Damon/IEc Division, Needham Heights, Massachusetts), the

~

Grace s medium. This procedure was repeated mntil ‘no. trace '

° - N

N P ":f of egg yolk remained. The final suspepsion was distributed

‘ into 30 ml tissue culture flasks containing 15 ml of the

) T
Grace s medium. fif”ﬁ,y : 7'_“'” M .?;?ﬂ‘];“u, . ?’i;l_u:ﬁfﬂ'"
' Incubation was: initially aL 21 C + 1°c.? Once proto- -

. ' /
R plasts/were detected they were. su cultured in fresh media

(either a commercial preparation,obtained from Grand Island

v,

Biological Company, Grand Island) New York«or a preparation

a

v - ?}( ;, The cells grew in catenulate cheins of varying length,
uj_although 1ndividuel chains were also detected o fgf%%nt'-'ﬁ
o SO R S SRR S
o “ ) . LT AR

from Dr. D M. MacLeod (Insect Pathology Research Institute,;j
-ﬁf“j o ’.y"' the mycelial stqg\_on Muller-Kogler s coagulated egg yolk e
”;lﬂf ,ff' The outer most periphery o£ the mycelium was asepti—'"

- washed by agitation on a test tube vbrtex. The resulting 'g%ﬁ,v~

R t-“'r-i-.flf suspension wag centrifuged at 150 xg: in a clinical centrifuge

supernatant°was decanfed end the pellbt re—suspended in fresh

. .'produced in the laboratory) every two days, Ister every three f k

/7
-
e
ce,
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o
I
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;d; \jxi if ‘.:'J-"-?{ Q?ﬁ“.fezs\-: :-d" Table 1 ;'ih'"ff':ﬁ ﬁ‘?iwi" }i*ﬁﬁxf; 7'.?F“-:{?V )
:',._"; L ?i_ﬂ: Com9051tlon of Grace.s Modlfled ‘Insect. Tlssue R f,”.__*§;;'fﬁ Do i
a ' : Culture Medlum Supplemented w1th Fetal Calf Serumjgf;jfjff S L .:f.n R

: L 4 O U SO
Vo s Cbmpbqnd.*fi L ‘ConCentratippa";f ‘ “'Compouﬁd . ..s° - Concentration .

,GNaH2P04 H20 s 0101300 0 - | 0 Suerose v . v T | T 26680.0° . .
-t . eKel® T oo e e e 0 224000 0 Fructose - . - . | 3. -400.°0
,;:klf,[~'\,_CaC12 : -“T.. < . . ..o 1000.0- . - ”.Glucose mL' oL E A .700.00
Fizrf'f1 . ‘MgCl2 GHZO IR S 2280.0 . - e ) R R
¢ .. . MgSOg.TH0- . . |"  2780.0. - | “Malic acid ot Sl 670400
L e NaHCO3 _‘*;‘.,;; T j"”'-,350 0| —Ketoglutarlc a01d_;.~ L3700 BT N
LT s SRR BT NP .+« | - D=succinicTacid -, 0 | @ . - 60.0 - IR T
et ‘ﬁ'L—Argmlne HCL S 700, 0 ... |. ~rFumariciacid . ;T_- ,ﬂ'<:?1”55 W0 e ' '
© . we s L=Aspdrtic. ac1dj_gﬁ L C.0350.0 o e T e T BN
.V»L-Asparaglnevi’»'j_-».?._ff_{A.BSO;Q.' * |* . -Thiamine HC1l .- . U ORI S« 0203 T
el w0 L~Alanime. o 4T -Tn 228,00 L Riboflavin- ... - - -"". 0.020 . - .
LB —Alanlne Sl ool - 120000 00 L . D-Capantothenate -.;'f - .. 00,0200 - RS L8
el oos ool Ty ] Pyridoxine HCL - : .. - 0J0o200 b
.‘L—Cystlne IR I 1. 22,0 - | . P-Aminobenzoic ac1d';~ S 0,020 7 T o
.- ‘L-Glutamic-acid .- . A‘:.va - 600.0-- [ Folic acid . - g S 0402000 N
. L-Glutamine . -~ = - R -.600.,0 . ' _‘Nlac1n : ‘_ [N 0,020 - o
" L-Glycine. “:- -, - < | ° . -'650. 0 | -In051tol a0 e o 040200
"w“L—Hlstldlne it 7 el 1 2500.0 - | - Bietin. . - “;.fnf-. g .. 0,010 -
: SRR oo . Chollne cl. S D 200

P L—Isoleu01ne e s 0 050000 - : Xy . - .
: ‘3].§f.;L3Leu01ne T TR - ¥ BO T 'r;Fetal'calﬁ_serum‘j'T __f'j;v.'Z0.0bxi»;*
“y .”-ngﬁLysine HCL - - | s 625,0 on o |oo o N N -
TR 'g~,ﬁL Prollne et o t350.Q e e T e T B A
Sric T L Phenylalan1ne-.~j»j.‘~- C o+ 150,00 - -] e T ot ‘ o T
s.. Y. DL-Serine KRR T B ¢ B T ST TR
- L=Tyrosine: - - o |--n 0 005000 . of 0 0 T R T
-L-Tryptophan, D S0 T 1000, - ] e e e T e :
. L~Threonine- ’ 2"?"55..j',f175.0f*1; e T e T R
," ‘L-Va]..j.ne . .. . ' ) . 100'0 Lo © : . N ' R L ‘.H..‘t,

< ;-*:a = .in mgm/L. . s T L B
B b < in ml added to one 11ter of medla'; T

1
i .- B .
. L
I ~ — - —
1 = P - .
S ;



II . __cleaning'-‘of ;g'las's'waref Lo

fomaowed by double-distilled water., Pyrex glassware was used

fetal calf K rum (Grand Island Biological Company, Grand;

‘ maintained on standard media filtered through 0. 20 pm filters !
- . |
- d’nd experimental media through 0 45 pm Millipore membranes. \i
"'g-'.l'he components ‘T‘the Millipore membrane system were L

All glassware for mycodogical and biochemical use~ =

- ‘was vigorously washed in hot gsoapy water and rinsed several
X R

l

times under hot runn:.ng tap waterq A solutioh of concen- : 2
.

trated“sulfuric acid (reagen( grade) saturated with potassium
"'dichromate was used to chemically clean the glassware..; 'l‘he

glassware, after soaking for at least five hours in the acid 4

) bath, was rinsed several times w:Lth hot runn:.ng tap water

. unless otherwise stated..‘ - ‘; g o

o

III Chemicals, plastic equipment, media preparation, and

- osmotic pressure measurements L :' o ', N

e

All chemicals were reagent grade from Sigma Chemical

T Company (St LOIJ..'LS, Mo.) except for the heat :Lnactivated.-." :

',I‘sland, N Y. ) and agar (Oxo:Ld Agar, No., 3 Oxoid Ltd., I i '. ':"-'. .~

i v : ’ ) ’ ; ’ \A\/ R
Tlssue culture flasks were obtained from Falcon ,

s

K .:Division, Becton Dickinson and COmpany (Oxnard California)
and Nalgene filters, 0 2 pm from Nalgene Labware Divrsion, S

leybron Corporation (Rochester, N Y ). o S {? S '

All media were filter sterilized Stock cultures wer‘e ,

i

e individually autoclaved and aseptically assembled. 1
LN . 'c“\ \.‘." P

‘ e L

% Fone 8
3 ek,




13 ‘

_ulture media was, if"conuh'er‘ically

inoculation. Laboratory pre— |

. The pH of th‘

n

- -prepared, checked prior t"j
'.paratio;xs were pH adjusted\pr,or to filtration and checked
) before inoculation.‘ Initiall pH 6.!5 * 0 05 was used for

. .{the preliminary experiments and for the standard medium. -

. CE >
i vl v A

';'Adjustments were made using " N KOH.I e
Generally 125 ml Bellco flasks (Bellco Glass, Inc.,':";"
'Vineland New Je&ey) with stainless steel caps Were used '
o AWith the exception of the experiments dealing with the growth
"‘!.I'curve for stationary cultures \of protoplasts in standard media.

: -,-}_'mod:tfied standard media, media based On haemolymph analysis _:_ ""-.A,'.l"i'.‘
v‘and 1acki\?lg serum add buffers, optimum temperature, the
'l.:;,osmotic stabilizers, optimum osmotic pressure and buffer T
"f\'analysis 50 ml alﬁquots of media were used| .

e “l ‘e

For the experiments dealing with the osmotic stabi- BN

: -‘lizers, optimum %smotic pressure and buffer analysis 20 ml ;.,
fvolumes of media in 30 ml tissue culture flasks were used and

a4, i ‘e

5 ml for media based upon '_aemolymph analysis lacking serum

"l:'_‘Bﬂ"‘J-f‘and artificial buffe" The stationary qu?r growth curve '.

" .
e
. D

'v'-:'.'vand optimum temperature experiments used 30 ml of media i’n

L 125 ?ml Bellco flas AR \:’_ B
’ 'r.?‘ ) -\- o T

'I.‘l( osmotic~pressure of/mﬁfied media was determined :
" ‘."’-'us;mg an Advanced OSmometer (Model 31 Needham Heights, Mass ).'; '
‘ A prior to d.noculation. : The osmotic pressure was also checked L

g during most growth cnrve experiments. At least three
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T 1ng, the cellular suspension being directly added to the

. used.' After a’ 1 5x10

IV, Inoculuxn breparation and '~ce11 'counte C

. The ag'e of the cell cultures used as inocula varied.'. &

from 24 to 58 hours old and were always in the exponential“

phase of growth. ‘ 'I'he volumes of inocula used varied from o

0 1 ml- to 0 3 ‘mL, and the cell concentrations used varied ‘
from 1 1x105» to 6. 0x105 cells ‘p\er ml_: (for preci_se values

" 3 refer to the text) .

3 TR

s 'I‘he- procedure used for obtaining the inoculum for the '_

. e,

stationary growth curve, experiments with modified media,

the medium b/aed on’ haemolymph analysis lacking aerum and

artific!({buffers, and optimum temperature con31sted of B

centrifugation of the cells at 150 xg for two minutes. E Using\

a sucrose solution (330 6 mM) buffered by 2— (N—morpholino)

' ethaneaulfonic acid (MES) at pH 6. 2 the cells were washed and :

- -.centrifuged three times. : 'I‘he fourth resuspenss(on was used a\s '

Y

the inocdlum.. L - ’

Later experiments omitted the centrifugation and wash— '

L

experimental media. 'I'o determine the effect of omisaion of

: fetal calf serum on the growth rate of protoplasts in station— ’

ary\culture a 3eries of dilution transfers of cells from

stock culture to medium M13Aa Without fetal calf serum wae'

70‘ fold dilution a growth curVe was done

-
o

using the non-—protein contaming Ml3Aa
: A o 'I‘he same procedure of aerial transfere was used for -
testing the vitamin requirements except that the medium M13Aa

conj:ained fetal calf serum and lacked vitamins. .The c_ulture‘ S

‘t~:'-- v ! . . .o,

. . ’ . ' - - . . .. e
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'was 1ncubated on the gyrotary shaker. :

bl

- nucleic acid staining (Appendix I)
throughout most growth curves. 'rhe haemocytometer was used '

'later samples which' possessed a: cell wall were mounted in

s lactophenol. o

\shaker (100 rpm, 20 c + 1 c; Psyohrotherm, .Model 627 New -

Brunsw:.ck Scientific Co. ’ New Brunswick, New Jersey) in

V Analysis of the eastern hemlock looper 1arvae.

fiscellaria (Guenee) larvae for haemolymph analysis were .

e and reared in the laboratory on. balsam fir.,

Cell counts were made on a haemocytometer (1/400 sq /
Tm X 1/10 mm) (C A. Hauser and Sons, Phil ). Usually five

'replicate flasks were sampled, each sample being counted at ‘ /

",lleast twice.,_ L - ‘

Each swelling on a protoplast chain as well as’ each

Voo

.cell not in a chain was considered as one- cell based on

»

Morphological development was generally followed

for the most part,' to. ensure realistic spatial relationships ,'.-.

.
Vo o r

With the exception of the stationary growth curve, _
optimum temperature and buffer response experiments, all sub-'

sequent experiments were incubated on ‘a horizontal gyrotary

darkness. T R L

i . IR . S B .

'l Rearing of 1arvae. _:._- L

v .. . '.l'/

East\rn hemlock looper,,_Lambdina fiscellaria

reared from eclosion on the solid medium devised by McMorran

N

/ N

(1965) .. When the larvﬂhe reached ‘the third instar ’ they were
placed on balsam fir foliage (Abies balsamea (L ) Mill )

I,arvae for 1ipid and fatty acid analysis were field collected‘ , L ¢

T [




3 \:"' " ’ . - n ‘ . - :
The’ incubator (75% + S% Rfl) had a twelve hour photo- '

‘ period with a temperature regime of 20 Cc+ 0. 5 and 18 C
o + 0 5 c for the light and dark periods, respeot}wely. >

' Larvae for haemolymph analysis were’ reared in groups ‘of -

Lot \
R approximately 10, those for lipid: analysis were reared in

- ° : groups of 5 per cheesecloth covered glass container (8 0 cm
' high X 10 0 ‘cm diameter) 'i‘he insects were manipulated with

alcohol sterilized w:.de forceps..- Insects were checked twice

_ mens. ' 'l'hose 1arvae exhibiting discoloration or abberant y ’
| activity were discarded.l'. Fresh foliage was added at three day
‘ intervals and the soiled ‘cheesecloth was then replaced. '
""'"_-" o S0 ” All glassware was vigorously washed 1n hot Tor dis- :
+ " | infectant, rinsed w:Lth distilled water, and, dried at‘ 45 C E
; ;".,. for 7? hours. _ R ;- 'f 0 ' v
el o 'rhe size of the samples was tested by the efficient
sample size formula (Sokal and Rohlf, 1969) to determine '
that each sample was adequately large for testing the -
£ . statistical significance of: differences between the mean
o -. masses for the J.ndividual larvae of tested samples. The
: e mean values were compared by the use of the t-test. O :
- 2 Bleeding procedure ’ RN ’ . - ' | 'J
| " o Only larvae four days into the fourth instar and O
weighing between 90 to 157 mgm were used. /To facilitate .

bleeding larvae were placed on an alcohol sterilized glass }. '

surface and gently restrained at both the anterior and

N posterior ends. The dors{ai integument was punctured at the

.,..','.'

daily to determine the instar and health of 1ndividual speci- Rt "
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a ,‘crystals of phbnylthiourea (BDH Chem:.oals Ltd., Poole, ','

o samples were stored at -l7 C (refer to Sectio%v 4 for"'

'--..:,6% sulfuric acid in methanol were heated at 80 (o] for 16 hours.,

- 'I'he methyl esters were dissolved in. barbon disulphide for

5

anterior and posterior ends and the haemolymph was with-~
._'drawn using a sterile 100 ul pipette. 'l‘he haemolymph was L

- i -
placed in a pre—chill.ed polyethyl.ene vial containing a few

‘England) . Two samples of pooled haemolymph were used, one

'from 117 larvae and the other from 43 l/arvae. Haemolymph

ninhydrin positive compounds anelytical procedures) T S
3 “Total lipid. and fatty acid analysis % ,‘-' ' '
B L chemicals end solvents were . analytical grade and were -
R , "'.used without‘ further purification.. The reference fatty acid ﬁ:?
'.'methyl esters were obtained from Applied Science Laboratoried; .
;-I.(State College, Pennsylvania) Larvae 3 days into the third
' instar, 4 days into t;ae fourth instar, 1 day old prepupae and |

pupae § days old were used. ‘,'. ‘ . _
o 'rhe lipids were extracted by the method of Bligh and . ;
- ”. ‘ Dyer (1959) : 'rhe total extractahlé lipid was determined by —_ r 8
'evaporating a known volume of the initial 1ipid extract 1n a: o
"pretared round bottom flask under reduced preasure on a rotaryl
'___fva;orizer (Rinco Instrument Co. Ltd., Greenville, Illinois).-,
‘..The results for each stadium were expressed in mgm lipid per
o gm (wet mass) of insect. s | _ - ' . _ : ,. '
- '-' Fatty acid esterification followed t e method of

; -'.Keough et al. (1972) except that the seaqned tubes containing

g ;chromatography on a .84 m (1 55 mm internal diameter) column

. packed with dia.sromaceous earth (Mesh size 100/120) coated

./.'

. )

Lyey 8 n, Sl Y .
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" to facilitate the separation of €180, Cl8:l, ciss2, c18:y;

input and output temperatures of 230 c, The column tempera—

P
PR

AR *

© with 10% diethyleneglycol succinate (10% EGSS-Y, Lot sp’-

A 1178, Applied Science Laboratories) 'l‘he column was designed

. 190 C for longer. chain fatty acids. 'I‘he runs consistdd of

T "ﬁ heptadeconate in all developmental stages studied There-— L
i a knOWn concentration and served as’ a quantitative standard

' for the unknown methyl esters. B

. anaiyzed once for the concentrations of ninhydrin-positive 4

and 020-0 fatty acids. The Packard Model 7401 Gas Chromato-'

graph (Technical Marketing Associates Ltd., Montreal) had

ture 'was 130 c for elution of,,short chain fatty acids,

165 C for chain lengths ranging from C14 through ClB, and -

two :/:'eplicates at each temperature._ Nitrogen with a flqw
rate of 40 ml. per minute was the inert carrier gas.,._~ Thel R
effluent esters were detected by a B-ionization detector.

o '1‘he unknown ester;‘were tentatiyely :Ldentified hy .
comparison with the retention times and elution positions
of isothermally run’ standards for the three temperatures
used. L .' _ '-\- _ ' (/-a"_-» . :. ‘e-._

. Prelixpinary analysis revealed the absence of meéxyl*-:" ‘

fore, this compound was inéluded in all subsequent runs at L

’ '\.

¢

. 4 Ninhydrin-posit,ive compounds and polyamine analysis

Each sample cf haen‘iolymph and growth medium was s
compounds w:.th a Beckman Spinco automatic amino acid analyser v L
(Model 121, SPinco Division, Beckman Instruments, Inc,, Palo :
Alto, ' California) eguipped for . physiological rqns. Sodiu'ni o

citrate buffers were used Prior to analysis, sa.mples ‘were’

‘r-

Fral
FTRY, 5{, gl ST
m
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" del-“roteini/zed with sulphosalicylic acid o g s
| ' Polyam:l.ne analyses were made in. an analogous manner _' L
) | ,except that a Beckman polystyrene res:lzﬁ (Beckman PA—BS) dnd oo _
L two citr‘ate buffer concentrations (O 35 and 2. 35 M) at,. pH
| S 5 , 2 were used . R L - '.-'__
- ; | 'VI G1u ose/determinations ’ S '..7 \’_". ;_- R i '
" -";: | Usihg a: Glucostat Special enzyme kit (Worthington
Brochemn.cal Corp., Freehold N J ) glucose levels in Grace s .
_,:": - modified insect tissue culture medium were deternﬂned . J
J ‘ The glucostat reagents of glucose o/xidase and - / .
) chromogen wene dissolved :Ln 50 ml of phosphate buffer,. 'p'Hl "
6 9 (40 mu, XH po4 ‘ana 49 M RHBO,) .. o R B
PR f Glucose standards of. 100mgm/1oom1, 200mgm/100m1 and - - "
= [ | 300mgm/100ml were prepared ‘No benzoic acid was. added%‘to
: \L) :_ - the standards. ' , ." _ IR : S
- ‘:. A 0 l ml voluxhe of sta\ndards and unknowns was added
= to. designated test tubes./ To this 1. 9 ml ‘of distilled water
\ . was addod and mixed on ar test tube vortex. . Areagept blank. )
- h consisted of 2 ‘mi of distilled water. - o " . " o
i | 'I'o each tube 2 ml of glucostat reegent was added at S
. 15 second int”grvals followed by mixing. 'I‘en minutes 1ater :
i u 4 drops of ax. HCl were added, aleo in 15 secorxd intervals, DT ; )
e o /followed by agitation. ' 'rhe resulting suspension was allowed o -
- ' to settle for S minhtes before reading absorbance a.t 420 \ .'"
_— o on a Bausch and Lomb Spectronic 20. spectrophotometer. A. .
j \ | 100 mgm % glucose/ standard was used to periodioally check \—w
: D i absorption._ S -_': _‘ L _"_"'"_'—,: ) .",,' L B R A
" o
P . : s ; .
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VIIL 'Protoplsst ‘r'egenere"t'ion on sol idifiedimedia‘.

"tristearin (26 pgm/ml) .

’ to ensure rapid absorption of the liquid culture medium

. _osmolarity 340/ mM)

N

A6 ml "-aliopiot' of 24 hour 014 protoplafsts fr'om'-the o

. egg yolk medium/ﬂduller-xogler, 1959) suppletnented with

The egg Yolk medium had been pre—":‘

. viously exposed to 20 C: for fJ.ve days prior to inoculation

—_

. SRS ml sample was also added to a. wnter ager pl/te (pH 6 l)

Initial observations were made by removing the surface G o

'layers of the coagulated egg yolk apd washing the surface

i

T;.with 10 mM MES buffered sucrose solution (pH 6 15, :E:l.nal -

. A l':aemocytometer was used to view th.e

«"stsges of development. - . ' R ,~

' 'VIII. Lipid sproduction and fatty acid analysis of protoplasts

of E. egressa. ; T s

L chloroform. ‘

(1957)

o~
-

collected at 49 5 hours, 72 5 hours and 142 hours. 'L‘hree

remlicates were used for each time/

S Each sample was centr:.fuge washed in 175 mM sodium

chloride f:l.ve times.. The separate samples were extracted

.'-. three times by the method of Bligh and Dyer (1959) and the :

E aqﬂeous phase weshed several times with 10 ml portions of

'l‘he organic phases for each sample Were pooled

All extracts for a ' J.ven sample were pooled and

. ' 4 o
,stock culture was dispensed onto a moderately dry coagulated--.‘- T

‘treated thsf same as the coagulated egg yolk medium. L -'__ -"'. .

/Using the final simplified medium the protoplasts,

‘grown under the shaken conditions previously described, were -

. 'I‘he cells were re-extracted Y the method of Folch et al. o

FTOT UYLV,
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v 5 s .
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,._ evaporated to dryness. The total lipid fot each time of
- .;'harvest was’ expresnd as mgm lipid per gm of cells (dry R
: mase) - g '. h o - _ o
The. 11pid samples were transesterified by the method / )
Vof Morgan et al. (1963) and tentatively identified on the / '
X gas chromatograph pre'v:Lous described. A program run was
P used. The 1nitial column temperature was 100 C and this TR S
| '.{;{was increased at a tate of 12 /min to 195°% followed by a, -' SRR
o .60 minute hold., . - // . ; ",”‘ \. RS
, Ix. Statistical analytical procedures SRR o
\}'.._'/‘.' ,'1 'rhe following calculations were made for experimental

'_-'data. - , .
A O Mean (M) = ZY -for ce11 counts and all biochemical
Tt e N measurements, : co

Standard 'error (SE) =

Lo ZY Y - (EY) where TY . is the sum

DT S ;of data Y and N'is. . .. - 3§
\ N(N-l) the number of-data . T
IR RIS e 7. for all biochemical
O '-," SN 'measurements,-‘

o Staéﬁard error (SE) .4}-1— for. protoplast counts, o

[
.-.

e ,'/.."-" 7 7 95% Confidence Intervals.,\ M+t 05 afSE for all data « ' J "-,,.
e T IR S S r wheredf;I= n-1- " 77 Y

L ;confidence intervale as opp03ed to nominal statistic tests \1 R B
, - P

E (Natrella, i 972) except for the comparison of the effects

. ‘ o . /, R N =
Statistical ana‘lysis was restricted to comparison o}

""of shaking cultures on cell yield in which case a t-test

."

- EE hE '.was used. . 3 \'.

4 T ’;Q -' All graphs were recorded with 95%. confidence intervals SRR

o s TR
Rk JURET and all, table with Btandard errors of the mean. -.-'j', , R
1 ,’/’,. ‘ . ’ 1 ".%"f. :-,,h .
‘(,,.
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I.\ Effects of physical factors on protoplast growth -

1. Shaken and stationary cultures
. /' .

A stationary culture of . 24' hour old protOplasts
growing in chains had a mean nuclear oount of 1 21 nuclei ,
o '_"per swelling (S = O 11, N = lll) . 'I‘his was felt sufficient '

evidence to warrant counting each swelling as one cell, .

.:vbelief that ‘was’ later supported by growth of shaken cultures .:k.-p"'-'

o .
c,Initially the protoplast cells did not tolerate o -

- .shaking on the horizontal, gyrotary shaker at 50, 100 or 150@'

_..\..‘rpm. By considering a" series of fetal calf serum increments

I of 2 ml to a liter of Grace s medium (standard medium) over
‘-,:: the range of the s/aking regime starting with 20 ml to_a_
S 1liter oi standard medi/ At vas found that 28 ml to a liter-.

i of standard medium supported Bpindle form and Pemitted

.-

. :growth .in media shaken at 100 rpm._ At levels of serum ‘1ess L

' ‘than 2/8 mi the cells became spherical and revealed/ho signs‘ '
. u".:‘Of g]rowth over the 72 hour test period At 150 rpm the 28
-7.~ml volume of serum was not effective._.' ‘

A

Using a: 24 hour old culture of protoplasts a o.l ml

.;::~'J.noculum consisting of 6 0 X, 10 cells/ml was added to ten . .'

___,;,Bellco flasksa toptaining/f:he standard med,ium (:)ne sample of | _

f-five replicates was’ incubated as a stationary culture; the :

P . "'other, also of f.ive replicates, was :I.ncubated on. a. gyrotary

".”'I_.";shaker at 100 zpm. : '_Incubation temperature was Zl (‘/. Cell
_ '.j"--'-;:,l'.':':-.-"..'concentrations w/ere compared after 23 hours incubation. .--' '.
R ;';J: > - ~{ . . /.

¢ : : S

i ¢
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S~ . w. . The results (Table 2) revealed the shaken culture :

mean yield /to be 1.6 times greater than that of the . - "."
stationaFy culture. Smith (1953) reported that shakiﬁg D.. :

’ coronata in 1iquid media resulted inl greater yield.e.. This

T was bel:l.eved to be due to increased aeration (Smith, 19533».' -

: / was the preferred method for most of the experiments..:,~' '
| | Although protoplasts in stationary culture generally
grew in oatenulate chains (Plate 1, Figure l) protoplasts of
’.-; shaken cultux:es grew as separate non—chain cells (Pla):e 1,

Figure 2) for OVer/ five successive transfers.' "I‘his w&s

e
believed to be further support for. the contention that each

" and in v:Lew of the serial transfer r{esults each cell was -
presumably capable of drviding.__., ‘ e ' >.

' / co 2 Osmotic stabilizer analysis - C

Because of the absence of cell walls it was thought

that the osmotic pressure of “the medium would be critical to

»

protoplast survival and growth. ) The osmolarity of the

standard medium Qas 349 milliosmoles per liter ngsm), and the

s
' culation was believed to be suffIciently close to the actual

osmotic pressure to permit /accux:ate detsrminations of t(he

o mass of an osmoéic stabllizer required to sustain the

necessary osmotic pressure of simplifie' culture media. .

W

- Cochrane, 1!583 Rhodes and Fletcher, 1966) elthough nutri—' .

ti°ﬁal homogen/ity waa/also thought to have been a contri-".-' R

buting element (Hawker and Linton, 1972) Shaking cultures' "l"- /~ :

N f

swelling on the pro‘toplast chain was the equivalent of a cell

__..,___l___ ~—’°—'—'«'m——calculated osmolarity was 350 mM. sThus, the osmolarity cal- :




Shaken at 100 rpm
nzlo for all values




dhains :Ln statlonary culture.
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To determine the . preferred osmotic stabilizing agent

'.:those compounds present in the standard medium in high con-: )
S Lo e
centration were tested. The salts calcium chloride (CaCl Yoo

' magnesium'chloride'(MgClz.GH O), magnesium sulphate'(Mgso4.

7H O) and potassium chloride (KCl) and the sugars sucrose,

e fructose and - glucose at the concentrations of 116 3 mM,

5116 3 M, 175 5 mM, 174 5 mM for the respective salts and
4 mM for all sugars were tested by comparing the effects

f ach individual compound on. protoplast morpholog§ and

S protoplast growth.{ All test sdlutions were at pH 6. 15 ;«f ;t'

, After 12- hours incubaEion in. stationary cultures at
5 ;2ooc hal 1 q,xc1 Mgso .7H 0 and sucrose solutions yielded—
'ﬁ.number of cells per chain (Table 3).| In the MgCl .GH O and
'fructose solutions the cells remained spherical for over 168

*g hours and: later lysed In the other test solutions the cells

rémained in catenulate chains up to this time._ The pH of all co

.test solutions remained- constant.,iﬁg; -

:fa_ healthy looking spindle-shaped protoplasts with the greatest ER

"f'%.: 'f; "N 0 1 m1 inoculum from each test soiution was added to -

fresh standard media and incubated as above._ The growth rates S

' and total cell numbers were compared . f? : .rg.j_”r

“the sugars for a given time.ﬂ Bowever, the results obtained

"-;v:with the different salts revealed significantly greater cell

'concentrations than the cell levels for the sugars usedG

_ff“i.‘i:- It was Of. interest to note that the population doublingf —

Tahle ‘4 shows the c&ll concentrations in the treatments‘

ﬁusing the different salts to be comparable as were those among.?'
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ﬁThé?morbﬁol@éﬁcqifeffeéésﬂof various

o ... . .. salts and sugars on protoplasts’

.. compound...”"|" - . % spindles - .| . .Chain length. .. "
R S A ] - (célls/chain) o

. — .o
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Table 4 'j

Rate of growth of protoplasts prev1ously incubated
.'; o for 12 hours in varlous salts and sugars solutions

..\"

RELE

'7“ a . ;Incubatiqn time .

'.rc@wmmd>v

"-Cell.Yield f
(cells/ml)f
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times of the cells exposed to the salt solutions wasg -Jm
. LY '
_significantly less than the rate of the cells exposed to

*fﬁthe sugar solutions,'approximately 3.8 hours per. generation o

and 5 1 hours per generation, respectively.

’ The’cells from the MgCl .GK 0 and fructose solﬁtions

. .- . .. 2
& o . were swollen when in the solutions and shrank somewhat when‘_'
S0 TR ' added to the’ standard medium but hever - exhibited the <

»

N

-"'characteristic morphology or growth.

N

Although Mgso4.7H20 and sucrose were comparable in~“

"rmsintaining E.-egressa protoplast spindle shape the factr—r*:ejsﬁ.g'K”
T gl':i Tthat sucrose favoured a significantly larger doubling time o
' Lhimplied some toxicity by sucrose to the cills.. Thts was
l':further oonfirmed by replacing 10 mM sucrose with a 5. mM
‘MgSO 7H 0 supplement in the standard medium. Cells exposed
to this medium immediately contracted and lysed within 96
f;hours.u Thus sucrose was chosen as the osmotic stabilizer.
; \',1 Fructose .has rarely been used as an osmostabilizer T
igi;although Bachmann and Bonner (1959) found it and 20% sucrose f'
.ihto be very effective for NeurosEora protoplasts.' Emerson and

f‘Emerson (1958) and\Emerson (1963) found that a, 2% suprose -;ﬂfn

7N

20% sorboss mixture was an effectiVe osmotic agent for"

VﬁfNeurospora crassa.~/. S

A number of salts studied in protoplast stabilization

'F.experimenxs, Villaneuva (1966) reported that 600 to 800 mM

JKcl was effective in sustaining yeast protoplasts and Mgso~jw
7ﬂat 800 to 1000 mM/good for many protoplast suspension '

quagnesium sulfate favoured protoplssdrformation-i_Berliner and




Reca (1970) followed the development of protoplasts of the

yeast phase of H. capsulat in 2 M MgSO broth , Sietsma

L e

and De Boer (1973) reported that the inorganic salts MgSO4,."

sodium chloride (NaCl), KCl and ammonium chloride (NH Cl),

at equal osmolarity were very effective osmotic stabilizers
: L

- and enhanced protoplast formation. Kopecka (1974) used 600 mM

KCI and 10 mk MQSO4 for osmotic stabilization of S.-"g C
cerevisiae protoplusts.lf.;[r“f j"ﬂ{ﬂf7’7ﬂ>@ Lo T

P

The stability of a given type of protoplast is

' affected not only by the type of stabilizer but also by the 'f";;%f.;

pH of the medium.f A pH range of 6 to 8 has been found to/be' .

useful (Villanueva, 1966). -.;'”.;”_7ﬂj ‘;,’/%
. ——“\\ ) T
3 Osmotic pressure (osmolarity) analysis

Because sucrose was found to be less toxic than most

/

e of the other salts or sugarS/tested, therOptimum osmolarity 'ff,f

Gt _./-

using pure sucrose solutions over -a concentration range of

150 mM to 410 M (Table '5) at pH 6. 2 was determined..;Anf

A unwashed’24 hour old inoculum, 0 liml containing 1 10x105

‘centage of protOplasts in the spindle form after 60 minutes

) . of incubation recorded.( o '/ T'\/.s ;

Table 5 indicates that the optimum sucrose osmolarity

‘ I .
was 350 mM Removal of 0% 5 ml of the cell suspension from 2

z"

each treatment and its addition to standard media of 349
mOsm produced groﬂth, based on visual increase in turbidity,.-'

for only those-cells exposed to sucrose solutions from 230 mM'F
to 350 mM concentrations._ Those cells from the 350 mM sucrose ’

l\l;fiiz:-';:

R

cells/ml, was added'to each tissue culture flask and the per—'.ﬁ'-"

——— ]

Pt T
l'!i‘t:‘g.'??
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| "“)ff Table 5.1; S
Effects of aucrose concentration
on/protoplast morphology

T Percent of cells
.;;Jﬁ; in spindles

9 5

“3;6 6"

Case T el ol se
22000 L L 180T

92 5
31 3
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32

u

) solution achieved greater turbidity sooner than cells

exposed to. the other osmolarity concentrations.

) Although it would have been preferable to determdne//
"™

|-
‘optimum suo;ose osmolarity in ‘the growth medium, the range

~- N
-..a__

L - "f;of values permitted would be extremely 1ow for values less
"than 350 mM, 78 mM being the maximum reduction possible '
i
i

ufachievable by removal of sucrose.| Any attempt to exceed'5”

t;:{;;.f?f;hiivthis lower limit would have introduced nutrient dilution .‘
| l{f'... ..tijeffects. ' ' {i - ‘ ' L

tt; - f*é;1Grow£5fr;£e‘béfééasiéharyﬁéultareé fff ;an;iﬁf,;,if f
'aaﬂiluvgﬂ..:},f - The rate of growth of Entomophthora egressa in = ;

'FStationary cultures incubated at 2l c +1° C vas dEtermiHEd R

.-'g:ﬂ_,'.using 30 ml of standard medium.f Ce11 yield at given time '; S i¢€;

"\f"intervals was determined by remov1ng 0.1 ml: samples from five- t.;: N PR

y e

:'-_replicate flasks.‘ 'I‘he initial PH was 6 15 + 0.05. . SNSRI A

. The results (Table 6 and Figure l) r;;;;IEE”haximum . ;f }fg' i?
"qif?\growth by 30 5 hours and a’ stationary phase from 30 5 hours : ??
- -to 35.5 hours. The Btationarygphase was’followed by a it
'-Urdecline phase.' The pH remained constant throughout the'ti. "

o v

,"jgrowth curve presumably because of the buffering effects of };;;F
d‘uthe phosphate and bicarbonate salts, amino acids, and propeins -
S .ii in the medium It was noted that significant growth occurred""
J?J;J#“fpf(5?f by 13" hours. This incubation time could be used for growth

.:"a“'measurements.w.‘f,f;"';, R T S

PR N . - . . . . . . " St ._‘
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environmental shakere the study of the effecte of tempera—

-ture on’ the growth of celkaln shaken: ulturee was not

. feasible.’ Small, statxonary ‘incubato

\
o
.v. .

the effects of temperature on the . 9T0
'culturee The cells were tested over
,flo c to 37 ’c in replicates of 5 flask

materials analogons to the experiment

‘ovetudy of the stationary growth curve.

o {temperaturee above 21 C.; */:,'

The resulta (Table 7 and Figur:

‘f.temperature range of 17 c to 21 c. T peratures in excess,'ff

‘. of 21 c produced decreased growth. Th

'becbme spherlcal at temperatures in ex

B-Were'used to-aseese
th f stationary

a t_.peratuqe range ofi
usi'g methods and

1 set up used, inlthe” |

’zi”feueaiea‘aﬁ'dpéimﬁﬁg'-"

cells tended to
'se of 21 c.

incubated at 24 C and 26 c for 48 houre resumed the/proto-'T

"1fp1ast -shape and baaed on’ vishally obser ed turbidlty

increases, growth when subeequently incu‘ated at 21 C.;

:idincubated 1nitia11y at temperatures great r than 26 C failed




R XU
RIS s

The:éffeéﬁéfol

v
[N

Temperature

- Cell’ yield
(cells/ml)

/5 lelOK
5 20x10




.

}giqyih,;”Inoculpﬁ.Qk?,mi,ul;éxiqﬁ.

- o

'Eﬁfédts.ijféﬁpéréﬁﬁrefqnfpréﬁop

o N

5

Eéll'/miji24”ﬁ6ﬁrgloid1

. . . P .




e
: ., ' -"I : x
o o)
N
- -
S .~
. “J .
P S
- 80 2877 3% 40 -

* TEMPERATURE OF INCU

! 1
.

..

T




--"-." g Ming 8! Bight, Serptine Lake and McIvers, Newfoundland, i.e'.l
- 17 ¢ to 21 ’a (Otvos, 1973: Otvos et al., 1973)
' Becauge of the extreme sensitivity of the protoplasts
I e o temperatures in excess of 21 C and the chances of tempera—
» ture fluctuation within the incubator, the next lowest
temperature giving compa'rable cell concentrations to. that of

- - - 21 (o was chosen as the 1ncubation temperature, :L e. 20 c.

. ,
a ' ' -

~

—~~Because one of the objectives ‘was to reduce the

‘ capacity of the medium would be. expected to d.’imj.niSh-a To -

N ' offset this effect a. series of hOpefully' biologically inert"'
. ol
buffers active in the pH 6. 2 range was desired. - Good and

Izawa (1966) proposed three buffers of potential value with' '

the buffering capacity such that the protonated- non- '

1
' The buffers tested were 2 -(N—morpholino)e ethane sulfonic ,'

5

acid (MOPS, pKa 7. 15) and N. -tris(hydroxymethyl) methy-

, SR o laminoethane sulfonic acid (TES, pKa 7. 5)

-,

L e " The four buffer concentrations used were 1 mM, 10 mM,

,‘ . .'. I_ 25 mM and 40 mM, Each buffer Ts‘dissolved in distilled

: '. | _"/" ‘.' : Jwater and autoclaved. The volume of water ueed was such that:‘

; ﬂ// = the total osmolarity of the standard medium to which it was )

P
td

added remained constant at 350 mM Control media consisted

=

"L OAF

DN
solution to give a CB \stant osmolarity and equal the '

o , : ) / (YN .
'.,-‘ R e . s

~ . o . T R e TS B

-

- 6.-.Buffer analys,is."" L T Lo e

number of aming acids in the standard medium, the buffering o "

protonated ratio was. contained w:l.th:m the 10 to 04 1 1im1ts"' -

acid (MES: PKa 6.15), 3 -(N-morpholino) propane sulfonic s

"'-"".3 of standadd media adjusted with a filter sterilized sucrose '

A N




dilution of nutrients that occurred by the addition of

buffer to the test media.,

1

The pH was: aseptically adjusted using filter ‘."': ,- -.u‘ 3
steril:rzed 4N potassium hydroxlde (KOH) _ ' ' .
',_;. S A Using ‘a- 0 L ml inoculum, “four replicates for each:'
. treatment and control were esthblished and incubated at 20 c .
- :Ln a stationary :I.ncubator.- The final cell yield and pH were

' determ:.ned after 36 hours of incubatlon.

'\

indicate the mean values to be significantly less than the o

LA N corresponding control values. At the 25 and 40 mM eoncentra— o

o . R .

o tions, the cell yields for ‘the. buffers were comparable. 'I'he |
\ . ' control values- at these c0ncentrations were signlficantly
\/J —Iower—than—thosrat 1 M and the 10mM 1evels r‘eflecting the
| ._effects_of dilution of the nutrients._. 'I‘he lower yields which-,

" occurred as the buffer concentration J.ncreased also reflected

the dilution of nutrients._ The lower yields for TES were ’
signiffcantly 1oWer than those obtained with MOPS or: MES and
, the yields obtained with MOPS were generally significantly
" - o 1ower than the MES values. I . . l
L o Comparison of pH data ('.l'.‘able 8) revealed that only o
the presence of the MES buffer resulted in pH values statis-
tically warable to the control pH values. Later exper:l.- -

'.l‘hus, in view of the need for pKa for a buffer to be equal to

’ ' the pH of a. ;olution (Good and Izawa, 1966- Lehniger, 1975)_

.\-"
. -

Table 8 clearly sHows that all three buffers at the = '

levels tested ‘were: toxic because the .95%" confidence intervals,"j
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The effects of three types of buffers

. )

at four concentrations on protoplast ce11 y1eld‘

——
[ B

- (mM). .

concentration. f%

Ce11 yield
(cells/ml)

o o
. e -

oy i‘.?*"%‘?*f*."i 'f9r-:"” | ,‘
=:iControl'for} a1
.- Control for - {I:
‘”-;;[contro1 for]jﬁ-_ia

r;'w_”lq_
S

0 mM bnfferaf"
V25 mM buffer, .
107 mM buffe:a':}i |

Y ™ | buffer =

40
25

I

{IE IR
40

280
10 e
'lafl;-g;ai.:

‘..

: 71.94x10
 2:32x10

;j3 38m10°~
'2 80x10

7 3.88x10°
4, 30x10
f,;uz 00x10

,f.é 03x10ﬂ
3 12x10‘
f_s 20x10

9, 02x10
1. 14x10
2 28x10
AR 00x10

"4 73x10 B

6. 5 x10

L{IUIU1
|+'|¥1+ |+,

W.W ‘”_W
;+|+-hk|+;

m,utsn uv.

1+l+ 1+ 1+

N ﬁ"? -~

‘14:F+|+1+¢

2. 66x10

3.95%10" .
-y 25x10

5. 48x10.
:1 94x10

4. 80x10

2. 54x10

1. l?xlo

T 55x10
;8 16x10

2. 76x10

3.97310

2 78x10
3. 35x10

-3 05x10

1. 14x10

b c-_h O e ¥ sze CON S

b Jn.u.cn

1 6.18
1 6.15
2 6.15
614
. 6.15
6,17
6.15,
6.15

6,27

6.20

6421
76,33
. 6127
. 6125

" 6.25

l+|+l+l+:

l42l+tf.f+.

I+ 1

ﬁ|+_rhf+1+

0.01 .
0.00 . ..
0;60\1""
0. 01
O,

0.00 "

0.01

QeQO'f”
0.00
0.07
006 .
0.11 A
0.06
0.06-
0,07
0.05. - . .

/

.‘,_ RS

:'f - Final pﬂ value based upon three replicates S . . _
f a —*Control represents the effects of dilution of nutrients on protoplast growth E
b = n—10 for a11 values L '
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: ) ¢ - 41" P
S -'and the toxicity of the three buffere, 10 mM MES was chosen !
lv' '% .

:
u
2
Y
;
;
3

‘ -to be the buffer added to a11 aubsequent experimental media. e

fication consisted of the addition of 10 mM MES buffer and
the’ deletion of 20 M sucrose to- ma.intain the 350 mOsM Cl . '

f'.'osmolarity.‘ 'I'he initial pH wae 6 15. : The medium,\after the

.-made, was stored for glucose and ninhydrin-positive compound

':.analysee. ; . s R e Ty

'growth after 16 hours :anubation.. Growth occurred until at

' leaet 72 hours at a rate of 6 3. houre per generation. 'rhe o A e

sons of the growth ratee and cell yielde was not possible. a

' pared to’ detemine the pptinmm pB for protoplast growth.
. :'Flaslcs of MES buffered standard medium were adjusted with

7.‘Growth.curve for .shaken cultures . l, ST S
' Using a 24 hour old culture of cells grown in the o s
standard medium, an 0 1, ml aliquot was added to each of 10 :

Mflasks containing the modif:.ed standard medium. ) '.l‘he modi- S

,s

removal of cells at the aame time -as the oell counts were N
v

r Yy . Vo . . . B .,

~ -

The data in Table 9 and Figure 3 indicate Bignificant ) )

s

'cells entered the stationary phase at approximately 83 75 : N
'._._'hourso \ U e .
‘ Throughout the entire growth cycle no pH change was T o ',‘I'
-_noticed. ' 'I'here was. no evidence of autolysis,.{ ST . \\ : | :
) l $ecauae of differences in inoculum size and volumes of '\.-f\\: ......
.:‘media uaed for’ stationary and shaken growth curve"e, comparj_— e \\

8-. OPtj_mmn pﬂ . - :'/I ___.' '. .' .-v"}_ .\("-, . __..: :'..‘ 'I.:. " ' ) _’

M.'ter aelection of the buffer, experilnents were pre—~
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' KOH to cover the pH range of 4 8 through 8. 8. The _.incubation o -
. period was 45 5hours.,-' - R '.- ':‘-'J'. ’/ ) o
. _~ The results (Table 10 and Figure 4) indicated that.
'growth occurred over a pﬂ range of 5 2 to 8. 2 and no growth
was d@ected at pH 4. 8 or pH 8. 8. Growth increased
significantly up to. pH 6 2 and decreased thereafter.

Because the salts 1n the medium precipitated out at
1

'pH values greater than and equal to 7 7 the effects -on. cell w0

[ETRISRS

S 2 f.."\"yield reflected the combined effects of a lower/osmolarity

bl ... a8 well as the effects of pH. / '1-:'? e T

Early investigations into optimum pH consisted of

Sawyer (1929) growing E. sphaerosperma on various foodatuffs

,of known pH. Haddock and yellow perch at’ pH 5. 6 yielded best'"": L

"fgrowth. The use of flasks of 1 5% proteose“—peptone adjusted

! over a pH rap.ge of/s .0 to 8. 6 revealed, on-. the basis of ,_L

' :visual observati"n',“that poor growth occurred at both pH

E R C ‘extremes with max um growth and conidia production oéurring_ :..

..-at pH 6‘ 5 (Sawyer, 929) Wolf (1951) reported pH 5.5 to pH x

-7 0 strongly favoured vegetative growth of D. coronata in. an o L ’r':

-1

;'-,51‘: f~ﬂ_asparagine salts medium Smith (1953) extended the observa-"" . ot

tion on the effects of pH on growth yield and found pH 6 7.

L

. ;to be optimum from the range of pH 5 9 to pH 7 5. Gustafseen'.‘ .

. (1965&)—conchde‘d that - ‘Entomo ht.hora species canbe . il
cultufed on a neutral to slightly acidic medium, E thax- |

g g teriana and E excitalis grew well at pH 4 9 to pH 7 8 and '

/ : poorly at pH 4 5. 'rhe two strains of’ E. aphidis used by

S N

L A T Gustafsson (1965a) reeealed sharp responses to pH- gradients. S

A . T (- . L. . ; . ) ST
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S The effects of hydrogep ion conceﬁtration
';{-.,"“jﬂ;_ﬁ'yff;on protoplast growth 5.f “

l Gottaatly

1 02x10

s 7 65xi53—
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| - condition exista, _the. fact th&t Vandenherq and Soper (1975)

" e—— -~.<..~‘ R . : P

poor . growth occurring at pH 5 5 and 7 6, good gnowth at pB
59to72 S e

Although the possibility of acfaptation to ‘the pH 6 2

~

reported that E. egressa mycelium isolated from the spruce Lo » s

7/

-.."best throughout the pH fcange of 6. 0 t6.7. S imle.ed that the

optimum pH for the protoplast may not be an a 1fact* f

% culture. P°351b1Y the Optimum pH may - reflect an adaptation s S

‘, '.‘.'to the acidic haemolymph reported for phytophagous

Lepidoptera by Heimpel ( 1950) .

. I, Biochenu.cal analysis of. the eastern hemlock looper.

" haemolymph .

\./ v . . |

'I'he ‘mean maeses for the. 1ndividua1 larvae J.n the two_
lerval samples were not significantly diff;rent '(P>0 95)
implying,,at least on a: mass basis, that the rearing R

conditions for the two sa.mples were comparable. - :
L e
the ninhydrin—positive compounds for which the analyser was'_--"

K .. calibrated, at least 38 occurred in the fourth instar |

" ' which were common to both samples.

haemolymph. , The compounds urea, glycer’“ophos phoethanolamine, . '
Ly hydroxy-proline, half cystine, homocitrulline, glucosamine, e

galactosamine, DL—allo— hydroxyproline, ethanolamine, .__:/-:

l:reatinine, reduced and oxidized glutathionine and uric ecid

were not detected. There were 13 unidentified peaks, ten of

-,_/

budworm,p, Chorié'toneura fumiferana c1eme on AK _agar grew . o S

1 Analysis of ninhydrin-positive compounds :Ln the Lo / S d

‘ The aaalytical results (Table lnl) indicated that of i

-

R

wild
T

Tns



“J{B-Amlnobutyr1C/acld’
."" B-Aminoisobutyric acid, - - - 0. 060b
.;ﬁﬁjY—Amlnobutyrlc acid . Sl 0.317
- - Y-Aminoadipic acid . ' . trace
" ‘Y-Amino-n-butyric ac1d : 0.0%9
:  L-Carnosineé - . .. » || : trace
g L—Citrulllne oo "_u s ~ trace
.. L—Cystathlonlne Lo _fO 281
- Cysteic acid T trace
. Dihydroxyphenylalanine | 5&() 114
‘”L—Glutamlneﬂ+»L-Asparaglne ol 14 875 - 1.749
~ +L-Glatamic : ac1d A .7 1.283°% 0.44%°' '{ - L-Tyrosine
'«*Glyc1ne P .- |- 2.970 % 0.088

-:Z,L-Aspartlc acid f':”' € - - 05083 %0 048 ‘| - L-Methionine

B-Alanine. .- O -~ 0.164. : ° 'L-Methionine sulfoxlde

0.317 £ 0,099  [7 " L-l-Methylhistidine
: L—3—Methy1hlst1d1ne
3 L-Ornithine-
L= -Phenylalanine

) "_' >3

(=]
.

o -
0 .
-0

DL-0O-Phospheserine
Sarcosmne S
L= Serlne
" Taurine .
L-Threonine
L-Tryptophan

wuuvvv&vw
1

-~ - 4

i ¢ . L-Valine = ‘' !
lf IR . . o ' L—Proline-'
7 v . < . \ R )

- O-Phosphoethanolamine.

\

. 0.354

. 0.766

0.033

N B g R LI S
L . 7 ~ ot )
e T q L " ‘
§. Lo- s ¢ -
. ;‘ o ﬂf " c . ) . 3 -
- o . Table 11 . N -
' N1nhydr1n-pos1t1ve compound levels in the fourth : ; DU
3 -1nstar haemolymph of Lambdlna flscellarla flscellarla N \)/.
g PN o N ] .
S O ! .
i " Concéntration . .. - - " ‘Concentration
-Compound " - o L Lo - Compound ) :
(m) o PR S (mM)
’L;:fL-Alanxne\\ .. . & | 3656 +70.168: .| ',  L-Histidine '9.576 + 1,535
.-, - Ammonia . j ol e 4.015 +.0.998 . ' L-Isoleucine - 2,320 .% 0.070
c.-L-Anserime--'- - . °. . "°| . unresolved : L-Leucine . . © 12,258 & 0,211
: L-Afginine . .. - . . .- . 7|' ° 1.688 £°0.223 . | . . L-Lysine - - .5.918 .+ 1.232
. + e
0.113 + 0.098
trace . : '
0.021 :
0.764 0.025"

.0.050
0.317

"1.011

© trace”
0.146
3.652
0.0176 -
2,441 1 0.064"
trace o
I.836 £ 0.070 -
2,314 1 1.944

20.874 +°0.192

F oUHHI+T

0.111

: a - Means based OHWtWO repllcates, unless otherw1sg stated : ~~)/<«

o b - Value based °nione determlnatlon L f
i_ . -&, . . I | ‘_:l. {
N ) K . . ' -‘ o ]
! . > R A . I ) ]
oo S e ) o . . i . " — |
A . j : . . . / - |
. ! R , - o ’ / | | |
. ) , ./ \
___m___ - ! .
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The results, in common with thoee obtained in studies

A with other Lepidcptera (Boctor and Salem, 1973, Florkin and .

Jeuniaux, 1974, Wyatt et al., 1956), showed a general'

";tendency for glutamine and/or asparagine, histidine and

\

i lysine to occur at high- concentrations ( 5. 0 mM) and ammonia;

{arginine, threonine, serine, glutamic acid, glycine, alanine,'f

valine, isoleucine, leucine, phenylalanine end tyrosine
occurred at intermediate ‘levels (l o - 5. 0 mM)
-\
The presence of tyroeine and dihydroxyphenylalanine

WOuld be expected because of the indirect role these compounde

,' - Pplay in the tanning of uticular proteins. As a result of .

"fy,the rapid. traisfer of the%haemolymph to chilled vials con—.

i taining phenylthiourea and subsequent ttorage at low- tempera-
, ture, the possible influence of tyrosinase activity was

zconsidered to be negligible.3

- Kawase (1966) reported the preaence of B-alanine,..'

'ornithine, phosphoethanolamine and taurine in healthy larvae

.of Bombyx mori- (L ), and in contrast to the present study he f

deteoted glycerophoephoethanolamine. Boctor and. Salem (1973)

‘reported that #—aminobutyric acid occurred in - Egdoptera

-._littoralis Boisduval and that its concentration steadily .
N N

| .that B-alanine, taurine, ornithine and y-aminobutyric acid e

'.dare found in d nnmber of insects. o - \ T' v

'-'reporfed to be amino group donors to u-ketoglutarate in

"h’.;insects (Bheemeswar, 1958). Arginine metoboIism and the

'increased during larval development. "Chen (1966) reported

, The majority of amino acids detected have beenI.A

Y

. R vt s

i .

»




“,mori by Garcia et al (as cited in Bheemeswar, 1958) The '~ «

‘.duction including the release of ammonia from the amide }"

"methylhistidine and/or 3-methy1histidine in the haemolym ho.

" of Agria affinis’ (Fallen) and ‘Gordon .and Bailey°(1976) in

;'a component of muscle ‘and other connective tissue.

'content than those fed on old foliage. Gagnon (1964)

ornithine—citrulline cycle has been demonstrated in’ B. ‘ AR

presence of high concentrations of ammonia '‘as in the
\

present study is not unusual (Chen, 1966)._ Levenbook (19503

reported that ammonia may be formed from unknown labile"

compounds in the haemolymph. on exposure to air.- Heister o, .

—f(1965) postulated on four possible sources of ammonia pro- .

/_ .

EIRY

. 'groups of proteins.e The methods of analysis used in this

experiment may;also “reflect ammonia artifically introduced
-n‘ N

(Nolan, 1970) : P A

t . . -

4

~ The current study is the third report of 1-'

of. insects. The only previous report of the occurrence of

- a methylhistidine were those of Villeneuve (1962) from larvae

I\

lblackflies. Methylhistidine' as previously considered to be

ﬂ'.mfspecies specific and .of unknown physiological significance IR

(Chen, 1966). Lehninger \1975) reportéd that this acid was :

o .
The role of diet in. determining the amino acid com-

"'.. posiﬁion of the hemlock looper is unknown." Samokvalova and‘5
"PZakhratkina (1970) found that silkworm larvae fed on- young

;‘f mulberry leaves (Morus species) had a higher free amino acid ’

f_reported thatzﬂanine, Y-aminobutyric acid and tyrosine were

"_-the predominant amino acids in fre hly fallen balsam fir--f-

[



Tneedles; The Y-aminobutyric acid and alanine may have been‘;i'_‘_-f ;ﬂ

: obtained from the balsam fir needles, however, the former
' can be produced by decarboxylation of" glutamic acid and the
75'1atter by transamination of pyruvate with either aspartic

_acid or glutamic acid (Meister, 1965) . ,' PR d L ﬁ

t. ‘ : v ) T J ' b
— R 2. Medium based on haemolymph éhalysis

Based .on the ninhydrin-positive compound analysis of .

":the haemolymph of the eastern hemlock looper a medium (Table'

a_12) was prepared reflecting modified Grace 8 medium in terms

‘"Q.of non-amino acid components and pH. The rate of protoplast'

growth in this new medium was compared to that in Grace s

- fmedium supplemented with 28 ml of fetal calf serum to a liter‘f

" of: media.g The medium based on haemolymph analysis 1acked '~ﬂ

ki - ST e : . “ Lo

serum.

. The dgta (Table 13 and Figure 5) revealed that the

:;'3”-.hmodi£ied standard medium favoured continuous exponential h'ﬂ”yfu. . g{

'ff growth with a- uniform population doubling txme of 6.2 hoursf
:The medium based on_ haemolymph analysis allowed slow growth

}ﬁ_g“- - up to 36 ‘hours with & doubling time of- 25 hours but by 41 5*

S i, hours were growing logarthmically (doubling time of 4, 7
',hours). Because the 95% confidence intervals for all points ' .

'{1along the growth curves,'excluding zero hours, did not over--~-'

D

A

%

o~

%‘i

wo

’5‘.’ .
v

e

£

[ \ ‘
' L‘lap with their respective counter points, the two curves,\~““

.J,

L o
W

tilike the population doubling times, were significantly
‘7ﬂ>differenq.v The haemolymph based medium was more favourable_”"

: jfor protoplast growth than the modified standard medium.. e

B (T ‘-',". s o RN
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~ Table’ 12 . .
\r Medlum based on hemlock 1ooper haemolymph ana1y51s :

i

YConcentratlona

o Compoundf L

. Concentration -

NaBZPO JH.O
‘Rcl . 02

B v CaCl

MgCIz.GH 0"
MgSo4 .78

3
L-Alanlne '

-

-Arginlne HC}
L—Aspartlc ‘acid.:

B—Alanlne

ft¥Glﬁtéhic'a¢id'r

L-Glutamlne
Glyc1ne o

' L-Histidine | = -
.L-Isoleu01neh .$==

‘L-Leucine -

:DL-ALlo cystathlonlne 5

. f_.rLﬂLYSlne gEcl o e

?¢<57“" R

DL-B-Amlnobutyrlc ac1d S I
- DL~ . ~Aminobutyric: acid .- -

b e Dihydroxyphenylalanlne;
;- ~-Ethionine-sulfone ..

.:Ii-Methionine sulfox1de3

Ornithine BCl DR

1013 0

2240507

~1000.0: . - -

2280.0

3240
| . 16.0 -
~e, 356.0

““f2780.o_n"
1350,,0.

;f-196.0<".
L8000

16.0;
4.0.

32,00

24,0

152 0

188.0'm"

. 1956.0 . .

. 224,00 7

' 1488,0°
L304_9.

296 . .0"'_ . -.
' 864.0°

20.0

AT

7

i Malic acid -
‘.a~Ketoglutaric ac1d

.. ‘D=Succinic‘acid

- Fumaric ac1d

.flThlamlne HCL "

- . Riboflavin _‘. . '
- .D-Ca pantothenate -
- Pyridoxine HCYX = ~

f L-Phenylalanlne L
; ,O—Phosphoethanolamlne
' L-Proline -

Sarcosine

“L~Serine
faurine

. "L—Tyrosine
L—Threonlnel

—Vallne

SU.CI'OSG

©. Fructose
T ;;G&ucose
MBS,

- .

-AmlnobenZOLC ac1d

. Polic acid-
© - Niacin .-
‘i~Inositol

Biotin .

- ‘Choline’Cl

168.0 ¢ - -

108.0
100.0

12.0. - -
. 384.0 .o

4.0

.0332.0
.7292,0°

27200
", 29800.0 -

-,400.6-'
700.0
1952 0

670 0

;.370 0

60.0.

55. 0
ozo;.i-:-?-'

N

v 0. 020"
v 004020 -,
.. -0.020--
" 4-0.020-
0.020 -

0,020

0.010 -

0200
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Table 13

Comparatlve effects ‘on two medla on L

the growth of protoplasts

Lo - [N
~. Medium Incubatlon tlme -

: BREEE .. _ Cell yleld

(cells/ml)

g

Medlum based on Jﬁff3f"Lf ’»-7t\0"~; o '4;08x104
. haemolymph analysxs ol AT S
TR L T e 53x104
O S S SR S S [T PR
e o (LN L ERIRNE IR o4x105 4. s6x10°%
U, 17x105

3

¥ 1 14x10

+ 6 59x104

: 4 08x10 4 9 03x103

5

3 87x10 (¥:8, 80x10
l~'ﬁ 6.55x10 + L.14x19-

vy o RN

»+39;o§x10 “f; ?é;i51l_
.Né;is‘_
iﬁé;fsl
| 5¥i5¢i
L eas s
| 6ass
'1,“§Ii$f

|+
o

[ O O oA o
ool o e e o
e, ‘e - . e . e 7
I~ T — SR - S - SR — S - I

c & o' »r o.
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;Figﬁfefs; Growth éurves of protoplasts in. two
Tl A

-y -

media. Inoculum 0 1 ml, 20x105 cells/

ml, 53 hours old. - ,
0 =0 Grace s MES‘Bufferéd medium fwg?-_;

— e

Medium based.on haemoly@ph analysis
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The modified standard medium was’ readily utilized by

the cells since no adaptation time was exhibited. This was

'anticxpated since the.stock cultures were maintained in this'

medium. - The more rapid protoplast growth after adaptation-:

E]

. 3I.in the haemolymph based. medium could be due to two factors,_gf'
/(i) increaging the amino acid complexity would reduce the o
. metabolic demands on the cells and/or/}ii) the presence of

e compounds more readily utilized than’ those in. the modified

4 standard medium. In- addition to having a shortex doubling

- »

e ,ﬁ - time on the. haemolymph based medium, the protoplasts formed o
' chains of five or more spindle-shaped cells. ~In the standard

medium chains of three to—six cells. were common. R

- 3

‘ 3 Total lipid and’ fatty acid analysiS' «l_~
R RV .
RN ‘The results (Table 14) indicated that ca o, c10'o,

e

C22 l and c24 0 fatty acids and an unknown fatty acid were ;,f'
absent from the third‘instar larvae, the earliest stage —

examined. - The fatty acids Cc8: 0 and ClO:O and the unknown.ﬁ'

g;:?_'//:'. ty acid were also absent in the fourth instar. The.
7l?§;}t-;ig*v ﬁagnown fatty acid had a retention time 3.9’ timealthat of
i ;?' ,;)‘ . C18:0 ‘and. based upon carbon number versus log retention time f
g ubfﬁj“li; plots it was not believed to be a saturated fatty acid, The
B '

unknown eluted after C22’1. The cz4 0. fatty acid was absent
from all but the fourth insta/ ! The C22x1 fatty acid was3

BN AT

';QJT ﬁ.fL?;' not detected in eithex the third instar or in the prepupae. L

[t
v

With the above exeeptions developmental stages contained .
i ”’f‘ €91 o, c1o:o, c14: o c15:0, ClG:O, c1e=o c13=1, 1812, c18 3,
«wfg*fwlvg czo o,.czo 1, czz:o, czz 1 and c24:0° fatty acids and the
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Fatty acid analysis of stages of Lambdina fiscellaria fi

> 1

Table 14

f

Jce115£1a[(u§/9:iﬁsecf)”f"

‘”"Tgretty'aeid;ip

i Developmental stageb

Third'"

Fourth Instar ‘

L eme T

o R RS-

o

-:4+| + +I.+I:H ++ FlH FfH
. M m
wn

w
.t
(V-

n
w
A0

551,
75.4
39,4
:  3900
. 221,

0
0
Q-
0 -
0.
1

[
S0
0
9

cfr5948
| 1800

- 275,

"ﬂjln.

~
= R
=
18,
I

~1.05:

6340,
' 8-09

344017

;0 OSC
'0.165
1.01.
0.47

. 15.2
9.52
19.8
60.3"
77.6
82.3

o .

~H=|+| FHHLH

Y

©1.00 .
0.09 .
1.81. ;
3.0
2.91 |
5.9 .. |7
11.8 "
8 .‘6
14.46 -
12,6
4,10 -
2.0 . .
.0

5,55
'8.46
-~ 3.03

0.23,

C>
u
\D
aQa

30.6
18.3
15.8
" trace

[+§+1+1 -+ + +

. 195, +
-'B5.5 ¥
.1oe

"1
0
0

l+|+|+

6

s 29 6 +

500. 4'6

Prepupaz-

2.19
2.73
12,10 .
4,63
3.7 "

3.2

18.7
5.7.
1.2

T~

/

Pupa . |

Q-

[y
Lo

. e b . .

T e+ Q
lﬂﬂ+wﬂﬂfﬂﬂf

L wo-

VHVoOoOOoOO
DN OO

- w
. O W .
~Jeo' s o (T WWWOD 2 0O N

. U’QTQ’CF\IO\UJH WOOW] W\
WO OOR oR -
B .

4O
NI S, ) 2 z
Q
N+
= o
3 .
O

1]

w

HWYO HOo

1.-2.75
- 0.45.
1 0.18°
11,1
-+ 1.02-
3.04:

26,0
1 20.3
. 1.23

7.34 31

Pupa

(=TI

1+|__+l+t'+,| o

ﬁ
-fv
Q
m

1.7

|+,|+|.+|+|+|+
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First number represents the number of carbon atoms- second d

double bonds..

!

All values, excluding totals, are based upon two replicates,
afe;rounded off to three significant figures. o -

One determination A
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- The fatty scid is essential in ‘the diet of P brassicae and

h.is a constituent of egg lipids and also must have an important

fdacidf

_with’ succeeding develgpmental stqges. - -
Pl s - L
".\‘ The most aﬁundant fatty acids in the third inatar o Y

'~:with the fatty ac1d determinations made using other

:_‘high level of C18: 1 has been reported far Galleria mellonella L

‘-"unknown fatty acid. X < .: ‘ \ ' ~aﬂh.j_ B )

: two interesting phenomena (i) the increased 1evels by the o

:instar may/reflect either increased incorporation for the ° B
'synthesis of phospholipids and/or .an increase in the level‘.
_for use as. an.energy source during the non—feeding stages..
1Turunen (l;;3) reported an increase in the C18 3 content of

~'phospholipids prior to pupation of Pieris brassicae Edward

'urole in/adult flight muscles (Turunen, 1974b)
-018x3 levels in the eastern hemlock looper during the non—

feeding

l.larvae and subsequent stages were Cl8: 1, czo 0 020 l, and {@f-,)/gf

' Lepidoptera in which C16 0, C16 1 C18: .0, c18;2 and c18:3

. predominated (Lindsay and Barlow, 1970; Turunen, 1974a)._ A

- (L. ) where/it comprised 49 8t of the total fatty acids
:(Thompson and Barlow, 1971).

quB:l and polyunsaturated fatty acids T characteristic of o R

" S L
~ The C18: 3 fatty acid level determinations revealed

fourth instar and (i1) the rapid depletion in the non-

feeding instars.‘ The. increasé at the time of the fourth

/

The deoreased .

e,

stages suggests a key metabolic role for this fatty

'In general, the level of a’ given fatty acid decreased .’ A |

c22 0. .The major fatty acids reported herein. are in contrast~

The presence of high levels of

. . ) . C T - '. o _"ii.
. . - R 4 ot A ~ . . . L : 5 ' ;] . (IR




e

g

T appeara to be relatively/iow in the pupal stagee compared to

-  c2o 1 and Cc22: 0 have been found in larvae of Trlbollum

h-'pupae. The metabolic requirement for theee four fatty acide~ SRR

711' mature larvae of the Lepidoptera. Archipe cerasivoranus Fitch,

"'Paleagriha vernata Peck and Datana integerrima Groted and

: S+ 0. 000,,n=2—and 0. 041 s 0 000, n=2, respeotively)., The drop

_ G : : -

. o . . . . - - .
5 . P o . - »

phytophagoua Lepidoptera (Turunen, l974a), ‘Terriere and
/ ) :

-

Grau;(1972) reported that the " addition of ClB 33 to dieta L
enhanced the larval growth of Trichoplusia ni (Hubner) and ,'lli - _TL

'Heliothis zea (Boddie) - The levels of czo o,vczo 1 and

.1022 :0 were comparable to that of C18 0 in the male and female ,:

that for the C18 1 fatty acid. Little work - hae been done on 5~'lj

'the longer chain fatty acida in insecte, Howeber, caa 0, -f'_ -%

confueum Duval; and 020 0, C20 lv C21 0, C22: 0 and C24: :0 have S

T

.. been- detected in larvae of Tribolium castaneum (Herbst)

‘(Worthington and Payne, 1974).A The fatty acids C20 0 and

ﬂf"czo 1 have been reported in G. mellonella~(Thompson and Barlcmhﬂ

'[1971),and 1ow levele of C20 0 were found 1n the adults or'711 5'

fRobinson (Fast, 1966) T ';;'-'f&£".*/»:*

LY

The lipia level, on a g iipid per g inseot basis, wae
TE TS

o higheet for. the prepupae. (0 114 + 0.000, n=2) and approxi-"‘
' ,mately equal but lower than the female and male pupae (0. 039

—ain lip/g 1evel durlng prepupal development was eimilar to. ;;:

/that shown bo oocur during prepupal/development of the','
(- '
1epidopteran Hyalophora cecropia (L ) (Bade and Wyatt, 1962)

This phenomenon ie, in general, a charaeteristic of

holometabolous insecte where the energy for pupal transformation:

R B
T
. )
. . . . ; ' . . ’ N :
e X . [ . . ! B N . .
W . - . . ) R , . R
. . ,
\
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i . 1:.? ‘_ .ﬁ' is derived from lipid, espegially Ieserves of triacylgly-
f] "Li fﬂi'st ceride accumulated during the larval staqes (52;5, 1970).
% ':?}_ -_"“. The author 8. results did not indicate aexual dimorphism -'f;i
j ',3v'j . with regard to. the total fatty aci s,‘most individual ﬁgtty
;“’- 5\' A acid or the total lipids at the pupal stége.l_' ”[ o : .
e 4{ v ’Q:;3i ﬂf ,/ The two fatty acids C8:0 and CleO, which were . absent
ty//; L ; in the third instar/hut nrogressively increased in concentra- '
:1 L-ju% . tion with succeeding stages,—are of special interest because f'
X-i'w I':" of their antifungal activxty against Aspergillus flavqs Link.
ﬁ | “;% These fatty acids /9re the most acLiVe constitutents of o
é?. : " cuticular 1ipids of’ Bombyx mori (L ) and ChilO Simplex .
R (Butler) (Koidsumi, 1957), [ AL '; y
ég :}i:ff.:~ III. Regeneration of E. egressa pthoplasts on- solid media .fdil;-
: S S and/ in liquid media. I S O
%j: J.M';}~':,T jif: Initially, the protoﬁlaste &nderwent increased vacuole
A formation in all mega tested—v(Plate' ‘2, Figure 1) followed e :
i B ﬂg?if '1 by dismembering of the regular dhain series or’ coalescence of'
he - o

the chain members into spheres (Plate‘2, Figure 2)
/ A -
latter was'yore common ig the liquid media. )h. '.g ¢)g,r

R]Z; Within most of the lin}d media individual cells, not .
.;“.;h, in a chain sequence, developed a. denser cytoplasm and f“'"f }:ifd
increased from 14.5 pmi:: ({au Opm) £ 'I'.s pm (g=5.2" pﬁt) o

The time sequence for the formation of these

'ngi'\ diameter.
prohyphal spherea was not eynchrondus.//By'ZG to 40 houre;

protrueions from thd prohyphal spheres emerged and developed
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x : strands 19cated on the outside of- the spheres (780%). N
o During the 40 to 48 hour period the beads fused with juxta-d-
,period mqny of the fusion spheres developed thick’ walls (3 '8

‘ many of these spheres were s:l.ngle or multivacuolatedgr (Plate 3,

'.m liquid media/ L Tt T ‘.b.*/;r L

R - On the coagulated egg yolk medium, with a 5 ml overlay
v . of protoplasts in Gracg&s modified medium, the formation of

fusion spheres (6 10% incidence) and prohyphal spheres " Ty

' I.individual, nox{’-chain, protoplasts within 3 hours._.— These

! '_,:coalesced ,(E,late 3, Figure 6, single arrows) with the resulting

.. ._"protoplast often possessing two or more protoplasmic : 7-‘ .' »
\.:". ‘... =.', ’ 0 "..ﬂ;/_. ¢
S _’ : Ll
': . "'I ° e ’ '//"Q' e ! -

'.).un thick, s—2 2 um) (Plate 2, Figure 4, arrows) N Although

',‘(47% incidence). During the 144 hours ‘of observation no.’

”.further developmeht fog the thick-walled spheres was detected

Witm increasing age the hyphae branched (4 9 um to 12, 2 ,um
diameter) Occasionally (< 1%), the prohyphal spheres
developed a, bud from which a hypha developed {not shown) K

-t

. By 36 hours many of. the chains of aaculated proto-\

plasts developed into spheres with the cytoplasmic beads in

R

positdxnned membéfs (Plate 2, Figure 2) forming fus:.on spheres
(32 71 pm diameter, s=7r.8 um) During the 36 to 48 hour

T

.z .

Figure 5, arrows) , nonvacuolated spheres occurred frequently

'I'he patterns of development were essentially the sa;ne
in' liqui’d shaken and stationary cultures. JBoth patter,ns
included small mycelial tufts (7>2 to 96 hours)., ~3I.In,n_o

’instances were conidia presenf“ S o RS

(incidence <30%) was usually superceded by the aggregation of -,
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ffp&éés'éi:_gstgﬁgéfsy Single and multivacublate fusion

. M . : ’ .
v . i H

... .70 -Figure 6. - Fusion of two protoplasts (single. .

-, o - - S I
TN Figure 7.
. A
. e 4 ’ o

spheres (arrows). x459. ;'~L

: arrows) with extensions.' Post—‘”'-~*
protoplasts (double arrows). xsso. (
Cells formed by coalescence snd ;)

' exhibiting pleomorphism (arrows) L

" . J - ' ' f

S N

protrusions. x1100

x450, ‘.‘ L . ? 1._ Lot

.‘ qut-protoplast (arrowa with peripheralaiifl







-1

jextensions.' By 25 to 49 hours many of the coalesced cells-

exh:.bited p.leomorphism (Platé 3, Flgure '7, arrows) Later ;-

{

‘ the pleomorphic forms assumed a general oval shape with v
:fme protrusions around the periphery (Plate 3, Figure 6,
double arrows, on Pigure 8, arrow) .« _
' This sta.ge was particularly sensitive to- ldxght, |
'rapidly becoming spher:.cal when B8O stimulated Becauee this'
structure exhiblted the first signs of osmotic shock resie—
" “tance AR the presence of distilled. water, it was des:l.gnated
'the post-protoplast stage. Between 49 to 69 hours the post-
protoplast‘ developed hyphal extensions (14 7 am diameter) '
I.(Plate 4, Figure 9, ar;ow) and oemotic shszk resistance
usually associated with walled fungal structures. By this
time the prohyphal spheres had given rise to hyphae directly
‘ or after forming a bud. LT . R \\
L In the period from 76 to 96 hours the clavate hyphal _

"tips developed into single conidia [(60 2 pm (s=13, 5 Aam) x

4 - 42, 6 um (s—8 1 pm), Plate 4, Figure 10)] with the. columella

.being” visible in many 1nstances. Often, a large oval S "‘"
structure, believed to 'be an oil droplet, was, detected in the '

conidia (Platé 4, Figure 11) . No mucilaginous caps were
f

: ~noticed. The conidia discharged after 96 hours and exhibit:ed
either lateral (Plate 4' Figure 11) or apical germination.

Some hyphae possessed mucilaginous plugs, creating the

N appearance “of Septation..‘ .
N o

N {After 146 to 150, ho\xrs, 1arge, deneely cytoplasmic

spheres (42 7 ,um diameter,(s=5 0. ,um, Plate 4 F:n.gure 12, L




Plate4 Fig éeQ .' Post—protoplast (arrow) wigx emer:qli,og-';
‘»;.,;'-:." . f'-‘. hypha.; xaso.. ) | -
. ) . zgure 10 Conidium produced from clavate tip
1 BE of hypha. x17oo. .
/ - ":.-'Figure 11 COn{dium showing lateral’ germination

A and internal oil droplet. » x1100.

L | & Figure CLZ Immature resting spores 1acking thick

ST :,_,"" R cell wa!;ls (arrows) . xnoo. e .‘
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. arrows) were detected SQme immediately gave rise to hyphae

- (14, 7 um diameter, s=0 9 ,um) whereas, others developed

extremely thick walls (14.2 pm to 19 3 jm) by 216 hours. :
'Both types germinat.ed to foxrm germ conidia as in Nolax‘i et
(1976) On this basis these structures were negarded

'as resting spores. . ,. - . o e

-

Mycelial development was: observed on the/ﬁater agar,
.- but the hyphae were nerrow and very fragile as compated to

ERr " . the type of mycelial development on the coagulated egg yolk T

‘The mycelial mat produced on the eg9 yolk medium from )
BET _ pro'toplasts was su/ccessfully subcultured twice. The last o ‘- g . '
.. subculture was ,used to produce protoplasts in Gra?e s | .
| modified medium supplement‘ed with fetal calf serum. These"

- protoplasts vere morphologically indistinguishable :Erom stock

-

'-cells. < T ' - J__,_\—— ~./fl L - ’,' .3;;-:.
Regeneration coﬂld be avoided by add’ing, fresh Grace B T O
‘ modified medium, either with or without fetal calf serum, to L .
the liqu.id media used .or to coagulated egg yo/lk plates. By i 'I
Itransferriqq “Es egressa protoplasts, it has fbéen possible to .'
' sustain the spindle morphology of the transfferred cells for
L fover 200 transfers. Cells subcultured over 200 times and
-those subcultured only 10 times readily regener’ated in the :
."-"fashiOn described for those placed on the egg‘ y_olk medium.

N 'Cells over- 192 hours old and in the fusion sphere stage in'®

.I-_,liquid media readily developéd into protoplasts upon the o _ ,w

T addition of fresh Grace '8’ modified medium.l | - R

LI



”..'. o o ?y thi -protoplasts (Sietsma a'nd De Boer, 1973) and

~ E. egressa protoplafsts exhibited more than one type of\ -
development with one method predomnating. Results for E.. ' '_ S 4
o egressa ‘reveal that- the physical nature of the medium ' -

\ . S S 1.

Lon \appeared to influence the predominant type of reversion

-. ! pattern. Mycelial development never achieved apprec:.able T /
- P : status in the liguid media as it did on either water agar{r % )

‘ g o coagulated egg 'yolk.  Thus, a solid substrate appeared to C p

o

Le i

favor continued development towards a mycelial stage.
P

‘Reproduction via conidia also occurred bn the egg yolk med’ium." '

s . Necas (1965) found protoplast cell wall development in

. Saccharomyces cerevis:.a Meyer strongly enhanced by solidifi— et
R cation of the liquid culture medium by 15% gelatin T \. —_— N

- SO -:' 'I‘he present results most M:osely approximatée?d ‘the !

regeneration of mycelia from protoplasts of Fusarium culmorum
o . ‘;','. - Smith (Garc:.a-Acha et al., 1966) : The initial development
\ : cons:.sted of an aggregation-«l cells, many of which were

xo

vacuolated/ Many of the P plasts produced a spherical / '

osmotic shock resistant, structure from which hyphae developed

?

’,!._ - Garcia-Acha et al. (1966) also documented protoplasts giving

K e rise direc!'.ly and indirectly by’ “budding to hyphae.. These
o ; - observa/ ions seem to parallel the - formation of prohyphal
o spheres and post-protoplasts in the present study. 'rlus type i

/

- of regeneration 'was noted to occur for eight species of
A T S Fusarium (Garcia-Acha ‘at’ al., 1966) e Conidial production i f?g»'\
5 o _ was reported for the mycelia regenerated from protoplasts of Sl

' Fusarlum culmorum (Villaneuva, 1966) and Aspergillua nidulans

e ., .. . ..‘. .




a . due to the origin of protoplasts (i e., mycelial versus ~

e

wild type and strain P76 (Peberdy and Gibson, 1971)

'l‘he morphologg ‘and dimensions of the,.resulting-g:_‘.
eg' ressa reproduc.tive structures.and hyphae formed upon the
initial t‘r'a'nsfer of protoplasts to muller;Kogleri'~s mediu'm.

wer_e indisotinguisha'ble from mycelial cultures routinely

»maintained on Muller-Kogler's med ium. ~'1'emporal comparisons

between the regenerative patterns on the coagulated egg

yolk and liquid media were not feasible because inoculum

— de\{elopment of E. egressa protoplasts from 'conidia “in Grace s

modified insect tissue culture medium supplemented with

serum. The am’eboid structures of Tyrrell and MacLeod (197251

were not detected in the present study, however, hhe large

spherical structures (Figure 16 J.n Tyrrell and MacLeod, 1972b)

-,

were occasionally observed. These spheres may have been ;"

. formed by the method proposed for" fusion sphere /formation. -

-"'.Tyrrell and MacLeod (1972b) did not record the’ common fusion

_spheres. The nature of the fu51on spheres is not presently'

-~

known. ; ] . i : ' /"" o . S ~

'1

The reasons for the variei:y of regenerative patterns, -

-

' even within the same culture, remains uhknown. Peberdy and

Gibson (1 971) believed the. origin of the protoplasts may be"
j )
a factor. The differences between the. present results a/d ;.

those of Tyrrell and MacLeod (19723 may reflect differences

2 4 ., . - | [

R
itk

. size, the volume of liquid media used, and agitation affec ‘ U )
. e
" :gfowth rate and, consequently, regeneration rate. ' " D N '

Tyrrell and Macleod (1972b) reported the formation and

*I
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conidial) and/or 'di’f/erences“‘in culture media'. The temporal_". '
heterogeneity of development reported here and in other -

. studies may also be a consequence of genetic differences.

Necas (1971) thought that prevention of protoplast

. regeneration for extended. periods of. time would result in

‘the loss of regeneratiﬂe ability. EntOmophtﬁora egressa

protoplasts éansferred over a period of ten months (over

200 transfers) stilrl retained the ability to revert: to the. .

',-mycelial stage. ' Thus, the ability of protoplasts to\ '

| "'regenerate cell walls on coagulated egg yolk medium and the

v

‘ ability to revert back to. protoplasts in .Grace's modified

/«

; insect tissue culture media appeared to be a fixed prdp/erty

¢ . . . CoL
for.E gressa. ‘ o ) ‘1 PR

-l - -

"1 Glucose uptake.

V. Protoplast growth on MES-buffer fstandard medium
o |

: No detectable glucose utilizf\tion oocurred until after

o

"70 hours inoubation. Over the next‘l? hours the glucc>se

concentration decreased by 55% ('l‘abie 15, Figure 6) Pr:.or

Xo the period of utilization of glu~oee/the protoplasts were"

growing exponentially (Figure 3) and after 70 hours the

.cel,ls entered the stationary /phaee.. :Ehe rate of glucose -

-

-

.-Gustafeeon, l965b, Krejzova, 1970 and Latge, 19753)

L _‘ utilization was greatest du;:ing the stationary phase. .

L
Utilization of glucose as an energy-carbon source is

.".'a common feature ’among specl°as of Eitomophthora (Wolf 1951; .

Gustafeson (l965a) an,d Latge (197 5a reported excellent
L

.-'_vegetative growth on glucose for th 17 species tested.

P .

S




Glugose

uPtake/by protoplasts in MES-btlefered medium

. A
“y
6b SN

- " .

- o , -

> N
. 3
' B

. .

Incubation" '
time (hours)

Concentz{ation
(mgm/ 100m1)

Incubat 1on
Eime (hours)

Conééntfa'tibnf_-u:
Cmem/L00mL) L

*7Q.-4f +/;1"'.-9

678+25

688+13

69 6 + 3 3,»'

_;"5‘0.;5‘.‘_»

/42/+ 4.8

s

72 0+0.

._A:l‘--'.,..‘/
- 46.6 ,-:1-‘,40._ '

30.8 +'o 7
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“Gludbsie. utilization by protoplasts.

grown in’ the”.’.gga};ci}ai:ii : médiuxﬁ.- :
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e B essentially constant ,‘\' e :~.'.-.-" B R )

' fié Q_ﬂ[alanine increased throughout the growth period.x

s et UKot LI L U
S

: lization of gluoosé prior to 70 hoursx 'T'l,;”.fe»'

'I‘he non-

'“-\*may‘haxe\£epresented the period oﬁﬁutilization of fructose -

~ _,“.,‘~ \\:
and/or the Kreb's cycle acids present in the medium. jV// IR &

e L e B L W SEy

leJf, Further discussio' on- carbon sources has been’ f”/i“;';

ater in the text.

L - - ~

.'_conSidered

' L A N .‘“ B TR S A S
’7?2.'Changea.in'niniydrin-positiveacompound,concen,rationS'

’-

The results of the ninhydrln—pOSitive compo'nds
"

analys;s revealed changledﬂ:;;he amino ac1d concehtrations
by 16 hours (Table 16)

. ‘\. R
cysteic ac1d isoleuc1ne, leucine,‘methionineﬂ proline,_

Relative to the init17}<values

T
serine, threonine and valine decreased in concentration.r_ ”id Loy

+

Generally, many of/the amino acids exhibited variatlon -~2“'d

sk A

TN

in concentration over the 46 to 64 hour 1ncubation period .fﬂ};,;~”""
\ \"_.‘ . . ! ./~_ W ; . )
while the levels of methionine and glycine remained

ot '\n'.-' . e

N Prior to the stationary phase and during the:“}od

'?“stationary phase nmrked reductions in the concentrations of’

1a5paragine and/or glutamine, histidine,’isoléucine, 1eu01ne,.a:“;.§twi“
:j,ilysiney methionine, phenylalahine, proline, Serlne' threoniner ) ? \\ii

.:and valine occurred. Proline, methionine and glutamine and/ ';;litgp'{.
.or asparagine exhibited the greatest reduction rate.r ”N-i.ﬁ ;i |
R T |

h The 1evels of ammonia, ornithine,

L - h

The rate

glutamic acid and

-7of ammonia production was gnaater 1n the late exponential

" : phase and early stationary phaee than in the early expo-

e

"nential phase and greatest during the late stationary phase.'

T

. ”TThis pattern a!so existed foriornithine and alanine.w;-] ,,“:“ F{
AT e © - EN - -
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h Per cent change 1n concentration of. nlnhydrin-9051t1ve/
- compounds of - MES buffered Grace s modlfied med:Luma /

L

.-fCompound:/5-

-’Incubationftime'%hours)

+

"254.71.

it

D64

Cysteic -acid
L-Aspartic acid -
,L—Threonine '
. ¢ L*Berine

/ {LzGlutamimne-+ . |
"Aspareglne .{123*

-.L-Proline

"'f:i L~GRutamic acid .| :

Glycine,

- L-Klanine - -
Balfcystlne
- L-Valine =~ -
fL~Methionine
.,.L-Isoleucine o

L-Leucine-

;iL-Tyrosine

.,'L—Phenylalanlne
‘sBrAlanine - - -,
O:n;thine,‘:.?“
~ Ammonia ‘
- L-Lysine - .- .
»L-Histldlne-;
- 'L-Tryptophan
HL—Arginlne ’
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In addition to the above compounds other ninhydrin— e

2

pos::.tive compounds were detected - Cystathionine was present / 1
in trace amounts at 34 hours/ nd from 6T5 to s7 5 hours. N

methionine sulfoxide was noticed :.n trace amounts at 38 and \

—

42 hours and from 59 to 87 5 hours, whereas, éthanolamme

w' ‘,\detected dur1ng the entire stationary phase._ Since these

N
p f RS I3 . M ?
;- compounds were lnitially not present in the medium, they may
) have been released from the protoplasts, howe%r, the .
A \ possibility of exogenous enzymatic production cobid not be ;
o e e 19nored T ek T T e
Al R A U Tl\e amines spermidine, aqmatine, S-adenosyl methionine, I .

o o . f":-::'.'l-:: histamine, : tyramine and tryptamine and the polyamines .’::,\*::.7." R
‘ putrescine, cadaverine and spermine were not detected Since ) :_'

- /

the cells d.‘l.d not lyse the above observation supported the o

hypothesis that the protoplasts did not release amine '\_

I ’} producmg extracellular decarboxylasesi_..‘"‘\\t;?"": / :
S TP .‘ It should be noted that"a’ reduced concen,tration of an ) R
‘ ammo acid does not necessarily mean that 1t serves a’ S ‘:';'
S nutritional rolel. Halvorson and Corvice (see NOlﬁ“r 1970) ';.".
.}._.; - reported the uptake of amino acid isomers which were nOt .- J{
N\' utiliz’ed by Yeast._-_ \Patterson (1965) observed active uptake
S :- Of S@‘e amino acids which maY have : ected "“creased ” . l;
' *’ storage of non—essential amino acids in intracellular amino _ N
| o ac1d pools when these amino acids were included 1n ’a medium '\ .' ‘
' containing essent:n.al am:.no acids. R T
T e /, .’ The precisenrole of the amino acids in the medJ.um was L ,
] | not determined Undoubtedly some of the amino acids served | S

e ¢ JL?‘ “ﬁrc_u M : w,::_-s'
%";“ ‘
'y l W
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oL

that the cells exh:ibited a concomitant carbon req lirement for

" '.both glucose and some of the am:Lno acids. RS

) :.experiment as the culture\?pproached statioﬂary phase is a

o 'mcommon feature of fungal growth., Nolan and Lew15 (1974) and

m dammads ey e

R P e . ' . "I.'.'-
'I"_,.,‘;."_?:'A,’VI‘).)\;-.' . . ' R , . ,,: i .
. ', '?».‘5 ARSI ) " J\ _‘ﬁ\“ﬁ
as precursors ins prote:;n synthesis and other m.trogen x ‘f oo

s,
.9..

: e
requiring reactions (Nicholas, 1965) S:ane N:Lcholas (1965)

' proposed that am:Lno acids in fung:l. can be’ directly incorpo-"

// v i

' "-rated :mto pi’oteins without the production of ammoniaf, the

. :-'_continuously increasing concentration of ammom.a m&y have

steﬂhﬂed from several sources. Me:l.ster (1965) and Lehninger
(197\5) reported that oxidatiVe deamination of am1no acids

" for carb n—energy metabolism w,ill elicit ammonia production.

i

. ._ffactor-. Patterson (1965) reported that extracellular

'degradation of glutamine in tissue culture media often raises

| ';'external ammonia Aevels. : Nolan (1975 1976) reported

1ncreased ammonia production and am:.no acid uptake by
!

: ?":\Saprolegnia ferax (Gruith ) Thuret. and Saprolegnia megasperma

' Coker 1n the absence of glucose, some of the am:.no aca.ds o

L 3 * : _’.

" presumably served as carbon sources ung,er these conditicns.

/'I'he ammonia 1evels of the present experiment may also have

reﬂected envn.ronmentally introduced ammonla (Nolan, ,1970)

The pronounced am:x.no acid uptake in the present

<5
S

. . : N, E——
i Meister (1985) also stated that the spontaneoqu release of S el
'ammon:La from’ amide qroups of” proteins was a contr:.butlng -

7 .

’/_\ B

A

_.-Nolan (1975, 1976) reported the increased uptake of amino ‘. g

e : Lo Ly . o .
e U A T L e - ;

e
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'restlng spore production.

chey were supplied J.ndiv:Ldually, glutam:me acid, asparag:.ne
and aspartic ac1d yielded excellent vegetative growth and ‘. i

’ . H " T

E. gressa continually}é’moved glutam:.ne and/or -

Glutamic acid
. YA

asparagine from the exper:l.mental med
é‘:zxc ac:.d was marginally

génerally increased in 1eve1r and aa ”/ :. '

utilized during the later part of the growth cycle.A The

#

A @ i

‘ S c . / : ;! : _,_M__ T AN S SR A
— D - l,/ e - - g ST - ;
P o o NS
:\ : lacids Ey . 3 species of -Oomycetes as growth approached nanclmum ’.-I,:'
, yleld. . i ' o L ’ _/ _;‘I’ / | -
// S Wolf (1951) and Gustafsson (1965a) detected the . S
. ’:',_:i'ability of E.' corohata t/o use. threonine, lys:n.ne and alan:l.ne :’_"- A :
.‘:‘,M, > :, for’ both carbon and pitrogen requirements wh:.le gllutam1c X"
_ - f._“"‘.acnd, asparag:.ne and aspartic acrd‘se;:ved solely as nitrogen | ; .
' : 'sources. Gustafsson (1965a) and Latg" (1975b) reported V. ‘ L o {i
g ’ ?I:lfj'_assimilation of. serine,\t\hreOnine, cysteine, glutamine, ; /
/ ' ':i.-\.'__asparagine, aspartic acid, glutamic ac:.d, glycine, valaﬁe, : , !
"isoleuc:Lne, methion:.ne, tyroaine and phenylalanine by E. '“:::. b
s _\ ..7.'v1.rulenta.~ Lat,ge (1975b) recoréed the uptake of:" the above ,1 )
| nitrogen sources by E. degtruens and‘E.' near thaxteriana when -

reduction~of glutamine and/or asp/ raqrne—may—lde—mere—apparent —

than real

t .
glutam1ne concentrat:.on :.n tissue culture media often RN
: ) : 0
repreeented the comb:med action of nonenzymatic g/egradation
e {,
of glutamine catalyzed by phosphate and/ bicarbonate J.ODS to
' '. pyrolidone/ carboxyl:.c acid and ammonia and/or extracellular j.'-
enzymatic breakdown., IR ‘_
. . “ . 1:. -“,l‘ .-’ /, ..«" "; . : ._"." .
:. ’ | . .'h‘ . /'/'/ ‘ ,1: / )
hd RN . FETIIEN
' A c £
) SN S -
y ',’/' ;'5_'.-’ : s

Patterson (1965) reported that a decrease :Ln b N
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V\t'\"""""' _)-\..-v— g, L,

°-fac:1.1e utlll.zatlon of \ ,e amide nltrogen re

A
4
4-
i
1
i
rted to'occur '.'_ e ,{ '

"';fob sorie. Basidlomycetes (N:Lcholas ’. 1955) One functlo, _:;of e ; .
L i -_anpdes 1n fungl 1s the prov1sion of am:.no groups for :

e :-.glucosamn.ne (Cochrane, 1958) the fundaméntal component of

et
.

_»_chltin in’ the Entomophthorales (Hoddinott and Olsen, 1972) T :“’
The con):d.nuously low Level of prolme ‘dn. the MES-" e }

' . '-'-55'_haemolymph may have favoured an adapt\atlon of E./ gressa to
& ,";ut:.,hze the am:.no acn.d ;-‘ '_ ;j - .
I he overall release of ornithine intﬁhe medl\ﬁn and
"'-the general decrease in arginine concentration impllcates the :
! :’l'?‘l'presence of an o,rnithine cycle proposed for most fungi by |
| .l."mcholas (1965)' / .,: ,.;:_ / , o
\ - | V Simpl:x.fxcation of the standard medlum . . , o

D Medlum based on amlno acid uptake from the

,-.K-'gj-'----, . - .-’j/. . L '.» L . v ool )" ‘~ ~;-l.-. . "’
R standard med:.um LT T

~

L ' A Growth rate analysis

Ty

) v S On the assumptlon ‘that a decrease in amino acid

g )’ SRR _':@\centration represented utll:.zatlon a medium composed of

¢ L

only those 12 amino acid used UP to’ 16 hours incubation was f"'.,'.:"' AN
S "made-. The salts, sugarg (except SUCrOSe), Vitamins, organlc / v

ac1ds, and fetal calf serum were maintalned at the :Lnit:.al o

levels present in Grace 8" niedium. ] The eucrose concentzfatlon

.
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' - : o ' \%.'\‘ ' . e ..t._.:.,‘,:.. - e -.—‘ -\
. \ " L ';:,I l:- < - _’ ':
. 'i"_ , was ad]usted to compensate for*the 1oss o.f the osmotn.c . L ¥ ;
E /l '..‘ contribution of the deleted amino acids"‘., Although the Il
\ osmotic pressure and ,,m:LlIimolarity were 350 mOsm and 350 . '
R \ . .mM respectiVely, the protoplasts fa11ed to grow.. '.l‘he cells )
beca.me constricted w1th a crenate periphery and later lysed
r T ‘ Latge (1975b) reported tyros:me utilization by 3
L “ "specn.es of Entomphthbra and although tyros:.ne was not .
""_ _1:-'(“ S s ass\imilated by E..e re a protoplasts J.ntthe standard medium "
- ) —.-'-».'the /pOBSJ.bJ.lLty of 1t b. 1ng required 1n the simplified
: o medium was considered/.{_ With the' addition of tyrosine at IR

the Bame concentration as initially( prese\nt in Grace s : .

medium and c0rrect1ng +he sucrose 1evel, \g owth occurred._,.'_

Because the medium contained 13 amin acids 1t was

S,

N
e Aol S

des:.gnated as M13Aa (Table 17) In this me ium the proto—.'i' L
; L e
plasts grew well by 14 hours of incubation (Table 18',. Figure o
T ‘-_7) . A generation time o/f 4 2 hours was mainta:‘faed until .

G 57 5 ;:.Ns re,sulting in .a ma.ximum cell yield of 1. 25x10

'cells/ml followed by a rapid ," apparent, decline 1n cell number"‘ i

. .lFlcmre 7L. : 'nhere__waMO si:ationary phase p_ ‘se and the “ %\hh
| .._decl:Lne phase was the result of cellular aggregation and [ i
L " \'_precipitat.ion from the medium Eventually the medium has - ‘
O '/ ':‘dsvoid of suspended cells. o l' ‘f' FRRE L v 3 o | ‘
= The osmotic pressure --and pH of the imedium remained ' |
‘:m‘”_,:.‘ eonSi:ant- _' ST . " .}‘ ‘ _ .'“;L . .

n. Morphological development of the cells in medium S

M13Aa~.""', R R
e R S S N

. '1' This medium favoured the development of a variety — ~ '_ E

B D VN -
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. Table 17

S:me fied growth 'medium M13Aa

-

.

e T a

RN

. "."__C'qmppu'r'l'd _Concentration
T e

Compound " _

P "1. R

L Concentration

(mgm/ L)

SEUY R
. 2240:
1000 .

NaH PO .H20

CaCl2 . ,:‘ . 5
MgCl .6H 0 . haso
. MgS07 .7H20 sl
o, S L
L-Asparagine [~

' L-Aspartic ac,ld:

Sut:rose, T
Fi‘uctose
Glucose

""«'-'.Mallc ac:Ld vti'
' "';.Fumajric acid ]
. ,"'a-Ketoglutaric acid

.,x'

=0

-.:""'_-Suc:o_ini‘t.:;.:‘a.g_id e = r' ':,.".'
msg

-.32_82.8_‘,"".\ B

L—Cystine 42 2 ';: hiamin.HCl s ?f'?' e -:l ' '__:1‘-.-:
o L-Glutamine o600 ,'Riboflavin ' o
L L-Glutamic @éjid ] 600 A -§‘/c1 pantothenate, - ‘k." A
L-Leucine G 76 s Pyrldoxine HCl S g
'.'L-Lysiﬁe.!;!c_]w = 624 | -‘;.Para-amino benzoic
o e s acdds Y IURCON
L-Methioniné - 500 ] "Follc ac:.d T
- L-Prol:me BT - -1y I .' Nlacin /
' ._DL-Serj:ne., o 77110 i '{‘,i-Inositol | N ::::.I,‘
K L—Tyrosine S - 1 R .',,Cholme c1' RS L0277
L-Valine 100 SN | _-_Fetal Calf Serumc
L 1:!2 (N-mOrphollno) ethanesulfonlc acid . '
C volume in"ml; of fetal calf serum added to one e PR
R liter of media : , ) T J
’:” ... .' . R i '. : ] v . /;—; 1 ' -:
. 75" “f“ H- g o
/ . ;
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Table 18 :

'm1 Growth of prptoplasts 1h mediumva
M13Aa plus fetal calf serum

,"Incubatlon ; E i'f-f Y;eld
’Htlme (h@urs)

(cells/ml)

'Q,p;+ 0.

J“;i osxlo?;ifz
T 50x103f+ 3.
AR 22:1057+ 1

»

5

?-}1 36x10 3+ 1.

f 26x105:+ LE
et
3 12x10 o+ 1
;gf73 oﬂ'jff' 68%10° + 1

“fEsg OV“fff ‘ §x10 }+ 1

:14 33x10 i+-8,5x10,

0

2x103

lxlO
4

lxlo
leo

'4x1641'
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' ’ of morphological types with varying degrees of temporal

E "/' overlap (Table 19) AR / ' ‘.“ Ll

. TR ‘_g.‘f"- o Plate 5, Figure 1 reveals the preSence of a spherical Lo
.. ..:---' Lo . '»..‘ ,‘ . '.'l ’
2 R . T b
' o structure (36 4 um- diameter, s-15 9 um) bearing active Bl T
- S 2.

'; cytoplasmic pro:;ect /ons., ‘l‘hese projections, usually ’Eeing

" h B symmetrically p031tioned about the sphere, eb:hibited severa‘l’;
'. . types of activity.' The longer filaments reirealed sirmsoidal
RPN wave motion and* the shorter projections possessed asynchron- I
' ous ciliary-like motion.‘ Both types of fi aments contained ,

highly refractile particles (Plate 5 Fig\7re 1, 2, 3, 4)

=h

!
which moved distally and proximally to thJ main cytoplasmic 4 B i

: mass.. ThlB structure, , a mesoprotoplast, as light sensitive._. s

+*

'rhe filaments incréased waving mot:.on as the l:.ght :i.ntensity

' 1 increased / The mesoprotoplast stage was most abundant by 2
s 24 5. hours and decreased thereafter (ta ‘1e 19) : As the level
B of t e mesoprotoplast decreased that of an elliptical meso-'-'-"' - g

SN x protoplast (Plate 5y Figure 2) increased to a maximum by 43 ) i
R hours._ Thls lmi-g;t*sensitive structure was of comparable

size to the mesoprotoplast and often possessed one 1ong , o '
) T filament (Plate 5,,Jigure‘ 3) and/or shorter f:,lamsnts aroxind y .. 5
(EEER R Y the remainder of the cell (Plate 5, Figure\ 2) . Often thef g
. "largest filaments possessed refractile granules which moved v

- ;;toward the termination of the filament and into the growth

\

.f'med:.um., Cytoplasmic undulations consisting of cytoplasm

- N low1ng in and out of ’the prOximal portion of 'the filament

. ccurred for all tong filaments, even those lacking ‘

refractile particles.

‘ e o © A,




.‘ ) " . . .' . . " '.:,/ - ¥ a ‘- ) . : 5 & . f:
l\l-\ - A -.. v . 'o ‘& v-o—d R ’ ’?J'qlb-d.\_lg‘ '82LII
'1:,, 13 -I . , .. . . , o ':‘ ,
L . ° L . . - & ) ’ o N ﬁ‘a - Coe
E . N . R L ‘o, st ‘° S
; ’ LY . s oF L - . _9 L J" W °. , e
,'g 'I'he abundant elliptical mesop‘totoplaatp stage Wab

followed by regular sp.:.ndle shaped protoplaets (Tabl.,e 19)u

‘- .
i . e 4 .
2 SRR . A %w - eyt -8 .,S'

R S and‘ a few aberrant forms (Plate 5, Eigure 4) *’w’ P . |
‘ . ', ) : : - By 57 5 hours éeveral t.ypes of dex{eldpment we;;e ) °m ”
"l"\.‘ \'P' 'detected (Table 19) irlr’cluding the mesoprotoplast, ell}ptical i
- vj:'_ e .z\meeoprctoplasts and protoplasets'stage.s (Plate 6 F‘igure"”S) . l; '-..
R _ '._'-The major, types of cells cons:.sted of rod shaped cell‘s and P
Y R . J_ i".'.h;. -sphericala ::e—'lls. . °Two s:tzeé of rod-shaped hyphal bodies wex;e = -—”~~
S " preser@ ‘one’ being 19.6 pm (s=1 2. nm) :E l 2 ;nh (5-0.9 m). ’ .
' o ..-ithe other being 39 B nm (s 21, 5 pm) x 3 2 um (s—l i pm) *
" R ° n-'_Extensive variation in form wae recortléd many of the rods e J
Nﬁ being sansage shp.ped (Plate 5., vrjigure 6) and later m:?;; rod, \’
ey | shaped o \" o o LR =|°I
n 3 ,." . The peak of the grbwth curve and the decline phase ' ‘ 'j"-z':{
- \ a represented cellular aggregation by the fod-shaped hyphal . 1 ';"':,"-"ﬂ'_;
| . } bodies and spher:rcal cella (Platé é—wr‘igure 7) It was 4 ’
RREN during this phase that the abundancé of epherical hyphal '
v .

3 ,bodiee (Table 19) (20 6 pm diametef:o, s=l 4, um) with large

9

- vacuoles (9 9 pm diameter, s=4 2 nm) increased —(Plate 6, ——-‘-‘-~—-¥
S L = '_"".Figurle 8) 'I‘he cytoplasm df the spherical hyphal bodies 1

f'.l f\ o become more granulated with age and exbﬁ;bited e,xtenelve Z,"".f_:-. ¢
L . cytoplasmic flow1ng in_ the ectoplasm region, ( ; : A L 1 :

Both types of hyphal bodies exh’ibi.ted a vr,efractile & Lo

hours -

:“% "-.':' - ‘ .'/periphery and osmotic stability, a cell wall was beli.eved ',_.,0: ‘ '
N ’\"i_’jo". %o, be c;Jre/eer:t ' ;ﬂ,;e - g B Lo ) -;’.=! S }
SRR ""'I:.‘,“ .,: N -A myceliel mﬂt was macroscopically‘visible by 89 R '_-? - l




Per cent abundance of varlous morphologlcal types of E

egressa qrown 1n mealum M13Aa plus fetal. calf serum - ':' ,

L,
-

Tlme “of 1ncubatlon o Btfncﬁﬁfg_?i _ ) Abundanée:(%) 50 :
;_i 4hours) RS R S N - g _

. . hAh:: _nt_ff N =7 SRR o :

,-: s 14 .0 ~:' - ( il }'»:»meprro't,oplastis . e . _0.9’ g R N .

. X BRI S B IR R A SR B SN

v R ’mesdprotéplasts:r _ 32.1 Lo i ,

: 4 . R o T SR A .

mesoprdboplasts | g L e
'ijelllptlcal mesoprotoplasts o '_}.18 3 SRR BRPCE | |
ifelllptlcal mesoprotoplaqgf ' '.:_ s 43 0- :.'¥V..-f-;':4"f ] "f_'s]f,f
aelllptlcal mesoprotoplasts . .’_,f;25 7 ‘. S e

_f"rod-shaped hyphal bodles ;'-'_-:,f toe.s *
_}frod shaped hyphal bodles 'f'if?$,3=f“15«6~‘$ﬁ'n]f“f“;':‘1ﬁ e oy
;.spher&pal hyphal bdﬁles s T T e -W}:
“fall structures' 4. 0.0 3 R 522

h . - . : ’ < " l_\\ :

>
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5. Figure 1.
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e R, ‘ L N

elllptlcal mesoprotoplast'

TFnL”i}'l~7" ;fliijfl (double a;rows) and proto-.ﬂ'f

plasts (trlple arrows)

-ﬂ_occurring together.- x51o.

bodies.. x51o.

?' Figure 8. Spherlcal hyphal body with f
B vacuole (arrow) Germlnatlng )
.hépherical hyphal body with
germ tube (double arrows) i;l'tiJ; .,
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S

}and resulted in rapid mycelial ball. formatlon.gfiﬁlyfffiﬁn"

_'7ff0und to be comparable to* the standard medium,

n'throduced cell yiéias of 1 2x10

/the spherlcal hyphal bodies (Plate 6 Figure 8 and Plate 7,.‘

//rigure 9)
' the ends of the rod—shaped hyphal bodies (Plate 7, /Flgure '

10) 1mply1ng a role»in hyphal development and mycelial mat ';‘

The hyphae were;
-_~outer surfa e of the ball (5 5 um,

"During this time granularfspheres with cell walls (18 um h?:&*ﬁf:

'deiameﬁcr,

'h'No conidia were observed‘

“'i:changed to 7 2 * 0 01 and

‘:reported above to regenerate protoplasts n fresh Ml3§a

;gi‘ffafter/§7 5 hours incubation wéth a 24 hour old stock proto- njiqf

”-fplast culture always accelerated the deve}opmental phases L

R -
~
A LTS S e

Thin tube—like structures began to develop from

fofﬁation..‘l-gf. 7J7'-" = ff f" '}[[l, e _ .
. A distinct cream-white ball was formed by l3l hours.;fhﬂzglg

howcver, not extensively 1nterwoven

(Plate 7, Figure ll).g A flne mesh of hyphae formed on the

s 0 9 pm) After 182

hours,/the hyphae began to branch (Plate 7 Figure 12) ';ff fﬁ[wiif

‘

’

5-2 l um) were observed to be of low abundance. ff&;fﬂ.:w

The pH and osmotic pressure had
205 3 + 0’/'mOsM, respectLVely.

It ‘was poSsible to use any stage of development
S

e

Inoculation of medium previously containing p otoplasts
% .

\YIn terms of maximum cell yield the M13Af'med1um was'i'jbni{:7f~

both media

6 ‘ €.

cells/ml usine the same size-f@iﬁ'z

In terms of grOwth rate medium M13J:

was superiorﬁi-ﬁx

inoculum.l

N P
P L I

-y

e,

,fLysls and fragmentation of the hyphae occurred by 290,hours.{ﬁ‘;,:wv.¢g

A’ S 3




s C a o :
-::', ":__.Pl_di;éﬁ_?‘l.,” s Figure//’g o Germinat ng sp{erical hyphal G R
L -_-;'-' : / body w:.t{" pronounced hypha.._".',','- o '
} : development. . X510 PR )
PR ‘ / ' o _ ";'_Figure 12 /xanchlng hypha._ x1280. _\ y
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faster growth than the latter.

Because -the amino acid uptake analysis revealed

',“that many amino aCldS were not utilized their remo/al

':ffrom the medium would not have been expected to 1nfluence

&'; ::gthe ma;imum cellular yields aaggge amount of utllizable '; '_': - L.
;R?A lnitrogen would remain constant. By 51mplify1ng the medium . - ?1'
fi”‘ . the- extent of amino acxd antagonism may have'been reduced . ;:
:;ﬁ; “f. "flw1th the consequential increase in growth rate.'rf“': : o " {ﬂﬂ
;b-, 5‘;: ' The mesoprotoplast stage, because of its ability td f: - f:??
;;};.alf- ' readily reVert to protoplasts and the distinct absence of a'.. : dfﬁi
j;: ;ﬁ'iﬂﬂ;itf Jcell wall, ,was not believed to be the ;same structure as the | ”?&ffiy.{ﬁf
I"zg. } il'i /{postprotoplast.: It is thought that the mesoprotOplast stage | 1;2;"
i o 2 fffﬁgives rise +o the elliptical mesoprotoplast which in turn ”f;: fféﬁ
;'i;. ‘;t*ireverts back to the normal protoplast stage. . ' '._ ';F
j;ff | ;Jr ' ‘ For the most part the refractile granules and fila—';'&i.
fj;: } fbgments may have reflected a feeding'activaty comparable to ﬁiftff.,;'iif
y i i;:that f0und w1th microvilli._ Although pangham and Bethica 'f:,iy.. .
;;;' .'(see hmbrose and Easty, 1970) believed 1hat ce ls in culture fﬁg -{}
;;}; E;L adhered to surfaces via fine projectionsﬂon'their surfaces, | P S
G;-‘ {Tthls/was not believed bo be the case for E. egressa meso--". E .}J
'{'; ~""_"'_1'.:'rotoplasts because these structures yere found suspended in - =
i';} . iﬁia 1iqu1d medium (M13Aa) "'Oberling and Bernhard (1961) - fﬂ
;ﬁ-' o '?igreported the presence of miJrOVllli varying 1n number and éh? f'ujs'” :;
'::”‘ ‘ _ﬂ;llength on the membranes of cancer cells-and Ambrose and L - ?ﬁ
' wmtﬁnasty (1970) confirmed the presence of microvilli on Hela‘ P jf%
: Llif‘}cells._ Fawcett (1966) and Giese (1968) reported 1arge ' o ;J
;:i'ifnumbers of microvilli only On those cells whose only function‘n:;f l ;f
: E : e .
i SRR R R T “%‘5? )
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:ffnidulans.l Although there was no eVidence of protoplast
‘ 'stion by E -egressa protoplasts the pleomorphﬂc forms
deLected may have been the result of fusion. ' 8

'ngjiﬁff Rod-shaped hyphal bodies have been reported by
Gu '

;lwas the exchange of materials with the environment

.o
-fj Although the release of granules from the longer

'ﬂ~f11aments may have been an excretory process, MacLeod (1976f

postulated that the granules may be: a form of reproduction
ak o ) P S
analogous to microbody ﬁormation.f; :*.rf"

‘plasmlc thread; connectlng protoplasts of quystlctus

T

ersicolor._ The threads were believed to serve as an

o
..' Lttraction focgs“‘between connected protoplasts which/later;7i
\ "l sed, a belief shared by Peberdy and Gibson (1971) for the:%j:fﬂ e

‘ > ’ L ¥ R
o formation of pleomorphic protoplasts of'the w1ld type A %_?.fjﬁ'“

I

tafsson (1965b) for l7‘species of Entomophthora

'"~“yj:* Prasertphon and Tanada (1968) reported that the rod shap‘d S

; hyp al bodies fOund in Gelleria mellOnella L. an;ncarner/~3;:1jvil
f: .3\ - (1976) and the two spotted mite, Tetranychus urticae Hast.;
5 :i; ; reproduced by binary fission.. The ratio of the large to |h:i~ |
'iﬂ . \ggll rod-shaped hyphal %odies formed by E.:egressa proto-t"'l
8 ; ?l\p ééts in medium‘Ml3Aa was two implying multipllcation by;”fi;”7'
binary fission.; Carner (1976) also reported early formed'a:_fT‘
hyphal bodies to be somewhat irregular in’ shape, beeoming:fki fﬁﬁn
_ morewrod-shaped with time.- These events seem to. paralleli
Lo those reported here for E. egressa.t ' Lo ’ ; |
) o Cohn (see Prasertphon and Tanada, 1968) reported the
— *-';'-ifwe;ﬂﬁ;?:bﬁéﬂvﬂk':ﬂé" :au?-wlég;;w — m» m~_\_.:a-v'“'\“ T ‘-‘r“ ‘i'x‘?cwf 'F”““m%;ﬁ“" "Q:‘ I y
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g

".-(i;f[ﬂfﬂfiyregeneration rate of F culmorum.A However, regeneration of B T
o

2o B

.90

. - .\b * . . . .

' 'presence of ovalular hyphal bodies for Entomophthora muscae

(Cohn) Fresenius. " The. spherical hyphal bodies of E. egressa .

readily germinated forming dichotomously and asymmetrically . .
"branched hyphae whlch a591sted in holding the mycelial ball ‘ .
:together.,'ﬂ o -] - wf‘ ﬂfﬁél : j - "v',‘ o f”, :
The formation of conidia and/or»resting spores from .

A hyphal bodies has been well documented (Alexopolous, 1962-

r .
Kt

1 . . A N
¢ i, : Sl . ,,...' o .
€ mretan, ) L.t P ot = s
S S i it ST T .%—‘ R L f

-7

:1tGustafsson, 1965b, Prasertphon and Tanada, 1968) but was not

S Tt

'fobserved in thls experiment.f The granular spheres with walls

'J_ffailed to/develop further and were not identified.f The ﬁfﬁgﬁ;gﬁf"lf"

W |

_jjauthor 15 not aware of any report documenting the production

"ﬂifw'Of two types hyphal bodies by a given spec1es of Entomophthora.'f}7?’

Fmerson and Emerson (1958) and Hamilton and Calvet 'f'f i'fﬁdiif;

";1.(1964) reported osmotic Pressure to be the main factor‘;gri'l.nﬂ“.

:ff?inhibiting cell wall synthesis of N. crassa resulting in. thenj
;”formation of protoplasts._ Because the osmotic pressure of ';tm;;;5.‘

. fmedium M13Aa remained constaht it was believed that osmotic,'_'lf:fu

ffﬂpressure alone,-in the presence of constant pH, _ouid'nqtf”fiﬂ'

-iaccount for either the formation of the prot"‘_asts nor cellungf

.-wall regeneration.:

o

The factors eliciting protoplast regeneration and

R ¢ \

'*fhyphal body formation for E.-egressa were not determined'

&

o Garcia-Acha et al. (1966) reported that the amino h'ih:; o

ujﬂa01ds glycine, glutamate, and aaparagine had no effect on the

{i (Sietsma and DeBoer, 1973) ff /m ﬁﬂ?
:. L. BER
v - —— . .
L . - coeRE
. o . o . [ i . P . Lo - . - I_-/"' . I
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ep.

L

fumosarosea (Wize) Aoki.

::amino acids and methiOnine (Table 20).,

. hours..

-.“occurred.

91 -

- . : SN
Aoki (1966) reported that glutamic a01d, aspartic ,
acid histid;ne, arginine, serine, alanine, glycine, lysina

tyrosine, and phenylalanine favoured hyphal body formation

,".in Beauveria bassiana (Balsamo) Viullemin and Isaria. X

Because any stage of the stated regeneration pattern

could be used to form protoplasts in fresh medium and the

) addition of young protoplasts to the stated test medium

Vfa metabolite(s) concentration and/or productidn of excretory

\

ffproduets may have determined the regeneration process. ;ff;fihf'
: j72 Furbher modification of medium M13Aa N

L Y

In v1ew of the metabolic versatility of glutamine and

e

,';ffasparagine 1n amino acid catabolism and anabolism (Meister,:};@;,

19655 Nicholas, 1965, Neiderpruem, 1965, and Lehninger, 1975)
~><p-\b : :
- medium M13Aa was further simplified to contain these two

Because the medium

:';?contained three amino acids it was designated M3Aa

The growth curVe (Table 21 and Figure 8) revealed
-

.ﬁfmeasurable growth by 24 hours with a generation time of 13 4@7

Maximum protoplast growth of 1 34x105 cells/mlawas

5'ach1eved by 89 hours after which a 9.8 hour stationary phase,'yj

v

oo ‘ e
';]medium M3Aa decreased 1n conneetion with the morphological

events previously described for cells in medium M13Aa.Vf_”7

vy

- .
Yo 2
“a o, '-"' R ) s N : .
e Frdeging f«m.u@?“““ “"y‘gﬂ;%ﬁ N R %ﬁl
‘

Nt
H { .
o ]Vresulted in: the acceleratio¥§of regeneration, a- decrease 1n .fff_yft"

*‘Q.j/f?4. Relative to the results in medium M13Aa the increase.-;fw""

in generation time and significantly 1ower maximum in medium'_}:"ff:m‘

P S S PP SR T T R

After 99 2 hours the number of cells suspended in;f37;:r B
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Table 20

a7
&

T NaHyRO

.':ZGlucoseuf;

Lt
s a

- ": . CO,,mPOund s .

concentration
(mgm/L)

-Concentration

" (mgm/L)

2

GHZO

2

o .'::,.L'Asparagine
’ '\'_‘:L-Methionlne

%rructose i

272,Malic acid
“:Fumarlc acid

”WfiKCl ;.H: 3
. »'Cac1
-:;”TMQC12

F%fxf":7oo :

'“fflolq
. 2220. -

‘5’3'5Tiiooo

(RO LI

o
.755Q3_,J;"

56172
400

670

SRS qu i

.‘;‘-',

-

a—Ketoglutarlc ac1d
, Succinic.acid ;\f'4
‘iMES";:*}'}‘f,ziﬁ
* mhianinocr

PyridOXine HCl

7

"?Folic acid;:;f._
Niacin oo
i-Inositdlxx

Biotln S
Chollne claﬁ,y-ﬁ
Fetal calf Serum

Biboasian 1 7 e

Para-amino ben201c ac1dﬁ};

" 370

" " | -‘. '- .‘ 6I0 )

1952

- 0.02
0,02
70402
0..02

.?0.62
- 0 ..' 02
- 0,02

0.02

S 0.01
0.02 -
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_ M3Aa was expected | By ’dec'rea'sing" the amino acid .comple_xity -
i 'one woul\d antic:.pate a corresponding 1ncrease ‘on the ~=
metabolic work load of Ehe protoplasts and consequently ‘a
v .'slower rate of growth. Because of the reduced avallability \
flof nitrogen a lower maximum yield would, ‘.result. ) 'g\
'E\\r The results (Table 22) revealed higher values for the '

fmesoprotoplast and elliptical mesoprotoplast stages than ':

c...t‘ "those of medium M13Aa. . Theomorphological types of cells {vere »

AT

- lso present over ‘a ;longer period of time than their
%

B counterpazts of medium M13Aa: - ', .' o

‘ },_',the osmotic pressure and pH remained constahi: throughout the

. Lntediuxn M13Aa. . 'I‘he dn.mens:.orxs of the same stage 1n‘ both types . a.‘_,"- :
L of media were not statiatically slgnificant. P0981bly the o
! ";-" _'_type of medium does not influence either the regeneration

"'.pattern or the dimensions of the various stages..' Because

’. .
0..-

The morphological patterns were :t:he same as t ose of . o i

S .',-,4

, Aeno B Ve
IS coe

It -

. /

- - growth cycle,\ they did not appear to influence cell wall
- .o .o “ »’ L e _. S RSP
_'"regeneration. 1‘_.;:;.-: :_.ﬁ' N o SN ,..( P Lo f
. I\ L ,‘ . . S - Lo L . : ".!I‘ . oL T l .
; 3 Effecta cf protein and serum components on protoplast \ cra
) » '-"-T’ﬂ i L ) ’, " \ J ] “ " o . | '. _’." ) . . li
growth and developme:nt. - I -'_'\ S ",'"\!;;.” ' ‘
3 . 7 » . D

SN *i)s.-'r

, Effects of the absence o:E serum and presence of _' oo
o ;"5,'3,,-»serum components orni- protoplast growth in shaken Crey Ll
ST . vculture..{.. e LW T P

K73 - o P T ...'.’ P I AP

e

T}_;The components of mest sera includie vitamins, free

amxno aclds, lipids, organ:.c acids, and a multitude of
different types of proteins (Tem:.m* et al., 1972, and ' Ii.',ff-::(\ .
PR B v . T e R R . ‘. e / 1, ) . - .,” = ,. . S '_"'(:\
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Table 22

ff types of E egressa grown 1n.M3Aa"f

e

.V . rod hyphal bodies..

mesoprotoplasts:f'::""

mésoprotoplasts .. ) S
elllptlcal mesoprotoplasts;f~

elllptlcal mesoprotoplastsff

elllptlcal mesoprotoplasts*f

.O e

elllptlcal mesoprotoplastsfij

elllptlcal mesoprotoplastsf

<

' elllptlcal mesoprotoplastsﬂw

spherlcal hyphal bOdleS

" Lndﬁbéﬁionﬂ{h;'- & Structure :f:i i{ Abundance}j
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‘ section V 1,

"-"~flasks such that the amount of li/pid introéced by fetal calf

oA E R T F e
TR A

. Lehninger,

or M3Aa wguld produce a wholly defined medium.

; ‘,Removal of the/serum from both medium M13Aa and. M3Aa,’

in apprec1ab1e growth.

":'__-in the latter med:Lum, _the cells becqme deformed and~ réduced

a - serum in 50 ml of mddia was obtained
":.n either medium M13Aa or M3Aa containing the extract
- .:extracts in conjxncticm w/ith 100% :anreased concentration of

": amino acids and/or\organic ac:l.ds and/or v:.tamins in modified

'occurring f requently.

97

'1975) . . Removdl of .sénmﬁ« from either medium Ml3Aei o
“In- section I. l the need for fetal calf serum in. the
standard medium ‘when cu71tures were shaken was discussed

w1th

el

, osmotic pressure compensation. using sucrose, did not result R
: L . .

The yields obtained with medium

_'_M13Aa 1acking serum, us:.ng the same s:.ze inoculum as in

are given in Table 23. The results mirror those

‘.f\‘,\ "

2 ,'.

/

Attempt/ to grow the protoplasts .':.n medium M13Aa at

......

. g “

~'_"In the former tWO treatments the cells rapidly 1ysed, whereas, . .

el . .. \

L ._in volume.. LT EE '/;j-":":- L .;5?1 R T ,-'."j

7

Media composed of double concentrations of am1no acids, :.‘:
‘.vitam:l.ns and organic acids present 1n medium Ml3Aa and M3Aa

A .
individually and in’ combination failed to support growth. .

A llpld extract pf the serum was afdded to Bellco

?
._‘.

Growth in all media,ytested was sporadic with 1y315 , R

The cells did form a /minute fungal

. i -
\ [ .
) R ; : RE : K
R T ST T R I Y B G I ) SE St
Xm0 1) % LG Nyt Bk i 4 5 ¢l e 7
AR R SR “:ree Y

E LJ.p:Ld /

"'obtained in medium M3Aa. " :.: S .‘" . Yo D

Tow, .

No growth was obtained;; S

A
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... . w=wable 23

, . ,Growth of protoplasts an medium ATRR P
et , M13Aa deflcient ‘in fetal calf serum. - JREE

S ‘Incubation Cell yield: « ® . pH - , o
/ time (hours) (cells/ml) DR NS Do SR
EREE R o R e 091600
wf 9,5 [ 7al 28x103 401 8x103 6. 10.5_,‘0 00 7 s S
5t s5x102 }5 Sx;az 6 10470 oo_'f,
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f acid to the membrane. / : SRR ; AT ‘
- '"5"':"."&~ / E_'f.' Effects of the presence and abSence of fetal/calf
- yserum on protoplasts grown in medium l3Aa in .o / .
- "It_j'stationary culture. S o . 8 .

. . R . . . . ' . / [ -
: pellet in all. media- tested but only after 400 hours ‘of

' J.ncubation.' Melam.sm was detected by 300 hours, possibly

%

P - the conSequence of phenol oxidases released during cell

."

‘ Lysis 1n 349 mOsM :melied a- change in membxane g

.' 1ntegr1ty and a protective funct:l.on by the serum. .'_ Mei?er /' e
(1965) reported that ‘the presence of serum J.n manunalian L TR
"-':'cell cultures was essential for maintaining form.;{?rhe-._-' A L 4
o ,1_,'I'manipu1ation of some of the non—proteinaceous components L };-‘f' N

\ "'l-.', of serum in the present work impl:rcated a protein compon\ent"m

""-"I"}'favourlng prot0p§ast growth under shaken cond:rtions. Maddy

‘.'.'(1969) proposed that prote:ms confer sthbillty anﬁ\strength»

to membranes either through the direct interaction at the

."~,l.-:_membrane exterior or indz,rectly by the b:mding of sialic '

'. Z "-Using medium M13Aa with and wz.tl}gut fetal calf ) ' _
N serum at 349 mOsM osmotic pressure, growth rates of the L /
o "protoplasts 1n stationary cultures were compared e

The results ('rable 24) reveal ponent:.al growth for '
)(

L

cells in both types of media. ) The 95% confidence J.ntervals
. revgaled no sign‘ificant differences among the treatment . :_' P ".‘i

- meansf for a given time interval. : The popn.}lati-on doubling

_t:x_mes of mediu.m M13Aa with fetal calf serum and medium M13Aa c . R

:"~',",without the serum were 7 5 ho/urs and 7 6 hours, respectiVely .:}.s-_..l
. _. o {, R ' ', o -'_: ‘ \ ..”‘-l.": : '/n _.,‘. .,,_ _— N " »:_f_ -:;
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Growth of protoprasts in’ medium M13Aa g
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\Table 24
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oy e g
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Fetal_calf serum

N

e with and. w:Lthout fetal calf serum - :
o ,' X / e Yie}d (cells/ml) / .‘.
-Incubation ' ~ :

No fetal cal‘f serum B

o v 0 ° : :

:\ Co ’ _..,\_.'-__' 4’ ‘ . :- ) 3“ 3 .
24 1.,-17%.0.-.1.,2,._5:;1_‘9 1 23x10 ‘a 2. 6x10
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'_ The generation times were not significantly different. .

T readily occurred in the absence of sermnu~-m3erial trans-

-~

120 transfers;@/s,additional evidence that the protoplasts

.' //.
did/eot/ require serum for growth 1n stationary cultures.

A

. .
.

g under shaken conditions. - ‘\

‘ o ‘j’ ..”h .. L . ,./

o -“1975) ‘-"“‘The bov:ine albumin (Cohn, Fraction V) was reported

KN

see Materials and Methods)

: ’ . "Chemical Company,

Tgrowth . The cells revealed extgsive shrlnking- N UBlng a
.'concentration series of albumin ranging from 2- gm to 10 gms
ke / .-":,-'-_of albumin per liter of mediu.m, in 2 gm increments, growth
- : was detected by v:.eual i.nspec'tion for increased turbidity in :;'_, .
. .o j_the medium corresponding to- 4 gme of albumin per liter. The
/ l - "_ osmotic pressure at which growth occurred was 334 mOsM.

’ This level of albumin ‘was used for physiological stud:l.es. g
The results (Table 25 and Figure 9) showed initial

\

¥

R ;;{ , f z 64xl0 ells/ml by 57 s hours.-.,

The ‘doubling time was

It was, thus, apparent that.. fetal calf serum did not

' confer a nutritd:onal benefit to the media used smce growth :

P 'ferring of the culture in. the medium lacking serum for over_-"

c. Bovine albumxn as a protein source for protoplasts"'.",-'

Albumin has been reported to be the majo; protein -
et al., 1972; and Lehninger,'-_. R

"',";be 96 99% albumxn, the remaining 3 0/1% being globulins (Sigma

The addition of albumn.n to medium M13Aa lacking serum ‘

: ‘,;to give an. osmotic pressure of 349 mOsM failed £o support i

L ' ‘growth by 14 hoﬁrs, the cells achieving a max:.mum concentration
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TAble 25
Growth of 'prétoplésts in mediur}\',"

M13Aa with bovine albumin
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= - .. . time’ (hours)

Yield
(cells/ml)
AT -

on

0.0

77 1450
34.5

31.5

7440

: 7370~

ol 2l 48x10

. 2 78x10

'5§a253£99

3
3
4
5

"-7;2 64x10 :

P 8"88x10‘

.',.1 79x105-.

l_'

" 0.0

"4 38x10 -

-«;;?axlcg;

‘5

"6, 78x10 ‘

1+

"{.4‘.

: "'|"+i‘ : t'+,'.- H-{ :

i+

_l:-l- "

I l+.

. .,

0.0 .

1 2‘;&17'03-"'
1.6x10%

-5 2x10
'1,9x1_,0:... ;

2.0x10% |
1.8x10%"

1,1x10

B T R -

3
4...

B, 9s+o 07

1. 09.

i.

Lo

6. 00 T
0,01 f-'." e

e,
- .'-:.'6~,'01'.-,'

r OP '.'--,- R

' 6 00

. 5% 98
‘-OP

'ﬁis 99 + 0: 03—'-

N t'+'

I+

001

wl +. o

[

000

. |’+ -

+006

6.07°£0.10 R S

g 6 09 $00.02 0 i
' '3"36 2 + 0 2 mOsm-;.

;5,

0 ’ VIS L
. . 5 <y
~.
¢
. s
' IR
TR
¥ ~ e
. R
r B
i
“/‘_ .
- ) -
\, AR
n PR
. " 3
R R

Vi P,

L n-—lO for all values

PR

OP osmotic pressure in mllyié{b_.ia’r P

e .
.- .

I KA
RN Lot .
Lo -
- R < :
B n o
. - .
y !
at Ca
: e
P P
: S
. T
- PN .
S o
. . -
R N
N\ o~

o 01 -ii'-'_: A
4 0 + 0 7 mOsm

= 336.7.+ 0. 4 mOsmf o E

e U ST e

. cN

s

=7334.5.4°0.5 moSmaJ_-' L




-! -~ ~
; .
t -
‘\ ” *
\ , ) F
N '
. . “n 3
. L
’ »
S
, L f
. )
e

i
.
-
»
N
L
3
TYUSE WO

-
N
-
L
Sl e T ot e i

) b -
- . . Il
- : ’
. -
- ot e -
, . - ¢
P =2 ‘ W . .. ! o
N ! ~ S
L , , . o L e a- . o
\ . .
' e . v
i . ' N . N
- ' . ‘
f B . . . - 3 N
' vy .
- . f . .
. ) ; . "~ " L
e R . N S o
. .
S . T
. ! . f
N . - - o~ »
. T 5 :
. v '
- 3 . - ' W -
. o SN )
f - ; * . ’
. N . -
2 - \ .
N y . \ N e
' . . o . oy s N
- '0 L .
~r ~ - (I ' .
A . . - M
- . . ] . . . ) . . . . . . . . C , i L. et . LY
T . et D : : ! ) t - !
. . o

‘ So Il .y Figure: 9,‘ Growth curve of protoplasts in- S R ]

e . s d - . i

o ) o : \ o medlum M13Aa w:.th bov.me album:.n. ) ‘

L R Inoculum 0 '1 ml, 2 3x10 .cells/ U I
- ml ‘24 hours ola, s . i el T




' A B R i R e R ey VSR e ot e
. Ve
.,w N
_.. - N -
E - ¥ o
’ T .-

60 . 80

_OF INCUBATION

40"

H

\ ; 5.
n e Pl Ly TN @ e B e
R avo.x.!\m._._uu. L
S 7 e NOILVYINSONGD 13040 907



 real oAV T e
T L r A AT O e .

W

°
’ .
e ’
e .
| Do
; .
. T
PR
AL .
" .4. . .-' -~
D: : ’..‘
e o
e
@
' [
. T,
. )
:. “
[ T
5

S ' ‘ .
N AR LI -
1y . S
il f ot VT .
i L S >
J . . . L R PN
":. --""~’ s
- -
s ~ B S oy P

from growing' protoplasts in medium M13Aa with fetal 'ﬁcal'f
‘ w:Lth serum’ (section V) statistlcal comparisons were val:.d. A

‘ was signiflcantly different from med:.um M13Aa plus serum SR N
f':.; - rate. B

’ were comparable to those 1n the serum based medium M13Aa1

: rate and morphology may represent the effects df the lower -
osmotic pressure and/or the elbumin protein. _ The lower :
RIS osmotie pressure required Was possibly indic'éative of a form o ; ,

RS of membrane—album:.n interaction. L A '.V' ,

T

S . - . .' . . .:‘ Do C
oL T L PRSP
N . - 1 B

6.6 hours, This pattern was comparable'to—that oﬁtaihed V.
* 2 . - . ' Lo -~ )

I

serum. ‘ Since the inoculum and incubation conditions were \ "

the same as those used - J.n all the analysis of mediutn M13Aa - \
Statistical analys:.s revealed the cell yield at a given -,' \ ‘

time and the generation 'fime for medium M1'3Aa plus albumin __f-'_fl. \

s R Ve L
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B e I T S PRRRI) . L . . . y .
o T AT Sns e i e e ttaml - " S S v N
Lo - BT R R g 3 o e R
: S T Lo c .
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'I‘he former medium supported a lower yield arid slower growth':'.,_-_

;-

The morphological developmental patterns ('l‘able 26) ‘ \ o

In terms of relative abundance only the hyphal bodierat TR . \
A 1A

66 hours growth were‘gre?‘ter than those of medium MlaAa. plus T

serum.~ All other stages were generally less abundant

'l‘he s:.hgif:.cantly poorer results in terms of growth /»-"::',

4 The effects of Vitamins on protoplasts‘ T :'j', E -'-:'n.":

’-'3; A. Growth in medium M13Aa without vita.mins-_ / TREIN

. '_-'-w :\

Protoplasts in medium M13Aa withoutl del:.berately - ‘ L
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Per cent abundance of varlous morphological type5°

of E. eggessa 1n medium M13Aa plus bov1ne albumin

- Iaeabatlon
time (hours)
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' Abﬁpdance7
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'.imesoprotoplasts .i: f~ff,?iﬂ;

'fiumésoprotoplasts mffquf';ffyffi

s

”iffmesoprotoplasts‘”'lJ'53  °":HT

i

i_elliptical mesoprotoplasts

.'frod—shaped hyphal bodles

-“}rod—shaped hyphal bodles
'fspherlcal hyphal bodles

1geLliptical mesoprgxoplasts

:lh,elliptical mesoprotopiasts
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T 'fj _°M13Aaﬂminus vitamins
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Table 27
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BT jﬁ* Incubatlon R
et “time. (hours) ._,b~¢ .

}f4900x10
1'7 88x10

U'l

i
f;gi 65x10
M‘iz 08x107
'“fl 73x10
1-19x10

71,33x10

'ﬂiﬁséxid%

b *ﬁ

_u m m_ m o

L ;
“Yield. (cells/ml) 5?"J.ffg“ﬂﬁ ;G {,;‘5*',-%3
i

0.0

+ 4 5x10
+ 5 7x10
+ 8 5x10

+:9

+ l 0x10

,3x10
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A A L
time: o;\medium M13na with ‘vitamins. nB& 59.5 hours'oellular
aggregatlon started. and mycelxal ball Eormation occurred ‘ -
" by 140 hours. o g | PR
h Vltamin auxoautotrophy has been reported for numerous : i
members 6£ the Entomophthorales. Wolf (1951) and Smlth ; ': o ;.?
'(1953) reported v1tam1n autotrophy for E. co;gnata grown ,. ‘ i
. ' in seml-synthetlc and synthetic medla. Latge (1975b) . o, . ]

'reported that B. ranarum, g. osmodes, E destruen& E..

-v1rulenta and E.)near thaxteriana were vitamln autotroph;c..Jv,"a‘ a_ﬁ?
. 'EIn the present experiment, because the generation tlme ;n st '
: hﬂth ,“vitamln-free“ medium was greater than that 1n the' : e

f‘v1tam1n contalnlng medlum M13Aa, the protoplasts were _f'

'57 Tbelleved to exhiblt a partial vitamin autotrophy7

:.l ""=:ﬂfﬂ Using stationary cultures of medium M13Aa w1thout N
ﬁ;'wi?fadded vitamins—q;yfetal calf serum, 1t was possible to i ;
? :T::successfully subculture the protoplasts every 2 days fOr |

:”vaver 35 transfers representing,thousands ‘of . generations and '?zélf“f.h"v

e

;flfta dllutlon factbr of l 5x1070 for possible serum and V1tam1nﬂ”iff

;. ,carryover.f The growth rate was not determined,.but because .2?
- R - ) e ,;('\.
— -i(‘of the duration of subculturlng, it is proposed that vitamlnshqlnf* AL

tﬁym:and fetal calf serum were not essentialffor protoplasts in' jﬁfff“;f;‘iJ
4 tatlonary cultures.: The presence of Kreb's cycle acids ﬁﬂf' ffiﬁﬁe;;
.F;'S#;ﬁ,.' nd/or amlno acids have been reported to by-pass vitamin e
i | requlrements of numerous higher fungi (Fries, 1965). The:gyiﬁiﬁ;ffg ?&t

.'“zeffects of the tricarboxylic acid cycle intermediates/ln
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, f.in part, a reduced amouht df nitrogen.“

ﬂh ahcreasing protoplast yield With incre&éed glutamine—nitrogen :'w;,fu;-

'Vilevels (Table 29)

'ﬁfmedium M13Aa was simplified to- medium M3Aa may have reflected,,

iﬂglutamine in medium_MaAa was 8. 2 mM. a’ series of glutamineei

f'jgtion oﬁ'nitrogen gave?statistically comparable yields, they

A-ﬁwere significantly lower than,the yields of the comparable

B.”érowth in medium,M3Aa'without~Vitamins' SR S
h ! . B , . . . . . . [,
The pattern reported in the preVious section was i :
CODSlStent with the present data (Table 28 and Figure ll).i""
Interestingly the generation time for protoplasts in mediumff'-g: S

;M3Aa plus vitmnin (l3 5 hoﬁrs) was’ significantly greater 7._'" |-

'than that in M3Aa Without vitamins (6 9 ours) The result -;.w/

/-

may have represented a.Vitamin growth inhibitrng ffect

,Fries (1965) reportfd growth inhibition of izopus speCies: f‘_gte o

by thiamine. _'.': i '
2

The protoplasts were subcultured in stationary

1

'cultures in.medium M3Aa without vitamin or fetal calf serum / e

The cells were shown i

Ein the same fdsion as in section V 4A.
2 -l X3

}to be capable of growth in a vitamin free and serum free

/ )

l,medium 'fhj-ff;ﬂﬁi .vsﬂjﬁg-J~q' :

'-f5;\Efféots‘ofZinéreasingfglutaminQTCohcenfratiOnl RN S
L The decrease in maximum cell yield obtained as the no

-

. P

PN v . ..
. e R c, - .
N R o, :
UV S S S ) SR I

Because.the level of, S

- ST e
I -

Tiﬁnitrogen levels above And below this value (Table 29 Was TR Ty, o

]

'

used to provide evidence for glutamine utilization.

The results, after 48 hours incubation, revealed ff}‘ f'f; .Jf

Sy f

T T
Although the‘4 mH and 8 2 mM concentra— T.r.ﬁyiﬂg“
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Growth of protoplasts in med:.um

T M3Aa minus vitam:.ns
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'-yiéldjkgéils/m1£¥‘
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‘>; ; 21. o
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l
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T ,?9 20x10

'f 7208000

. 14x1033+ 7. 1x102
4:+ a. 1x103

4i+ 7. 8x10

T+ 1 lx10

' i'{4 00x105
5
4
2

- “5 34x10-,+ Tiexrod ’*'f”
| .1 .

3
4
4
’ 1 62x10 ".+ 3. 5x103

. . 2

(.

 }3 33x10 '+ 1 7x10

—
,: ;i ’m. o
- e *

0 o

‘7 6 15 + o oo

g1

'?* 6315 & 0; oo e

____,_f————ll

-0 01,%U

615

I.+

6_15 0. 01ij;fgfljuqﬁ{{§}f

6. 15°+ 0% odi;‘7'

O&QQT?;5~-nn-

Al
IR ey

A, s

nl2 for a1l valdes™ - -




B . . : T

e et g+ Ay s | 1 e i . e - :
‘ " " .. . P . d 3

Y

e
-
-
=
Al




\
v v

e 5 L 1 1 L PO S

Dot 1 ?4-_,;:

e e e e

s

RATION

yTRAT

~

- ' . . j \/
SRR T I S
o a -
‘ - |
‘ | 08




L v Table 29 .

The effects of glutamlne concentratlon on cell
5". . y1e1d and protoplast numbeé per chaln R ' \

oo . ;

UNitrogen il | T Yield f(.c’é‘i‘.lézl,r'df)r\. PN T pn - |. Protoplasts
7leveli(mm) | 4 BEEE U R 70N per chain

U'l.'
»~

2 85x10 ot 1 7x10 L ..s 1o ! 03 oo,..:-._ 1 - T.56 +.0.26 , ' SNEE

4 o4x105..+ 2. 0x104"»*"_}. z,;{,'f-'_'e 10+ o 01: L 2.83 + 0.40

U’l

'

"' ,,""-3"_3 72x10 Fioxio® (A7 610 !k\ o 01-" 1 2.10 +0.32
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pair at 16 andn20'mM,nitrogen concentration, The pH

remained constant in all test~media.

D U L

' f Counts of the number of cells per protoplast chain _
¥ revealed that the level of glutamine in media of the'same- . . ‘f_f
fu / osmotic pressure strongly 1nfluenced the chain cell number L ) Z-éh>
?5:;' ,' ;:/_' (Table 29) The number of cells per chain increased ?

‘1,51gn1f1cantly as the glutamine concentratipn incréased

i achieving maximum length at 8 .0 mM glutamine (le. .0 mM f~?“?ti_f.'if;¥
V n1trogen) f Thereaften the count decreased 51gn1f1cantly;: _;;Fl.l3:iﬁl;
- _ .“ Thus, inlkeeping with the initial objective to ;{i{f””“ ;iJT
y O f"“’51mp11fy Grace lsg: modified\insect tissue culture‘medium andf: - V:'lT{
1 ‘?fﬂ.;”“ sustain cell grdiyh‘ the glutaminellevelimashraised(toﬁBhoifﬁidféha-AE;H
5 B 'ﬁ;lff*”7: mM (Tablé ,D)-.h;,tlf*ffi{iﬁ“fﬁfpjui'::ﬁapd; e - S
C LT
B f VI Further experiments w1th the medium based on the hemlock _
' " looper haemolymph analysis. ' _ ';W_ i
- ‘f l Rate of growth of Protoplasts -;”in';fjtt;‘;fjjwiwi”‘ k;: 8
'?‘ Because it was desirable to compare the effects of the.lf;aﬁi
;ﬁ":;'fl:_ff;jf medium based on haemolymph ana1y313'with those of the standard -2_'e1>dl
L T}i;iiljj medium ror shakln% cultures,28 ml oflfetallcalf serum was ;ﬂin;~lj:;;;¢'
| ;i added to the %ormer medium _y-Lﬁ*ffajﬁ&v§;3~ﬁﬁ. ;,ﬁ;';‘"f ”ggwfllfi",
q:ﬁfjpff Growth occurred ag- early as 12 hdurs (Table 31 and i :
-'i;“fﬁ Figure 12) f With a population doubling time of 4 4 hours a - f )

maximum yield of l 43x106 protoplasts/ml was obtained by 64:%rf“qu»'{éw;

hours.; The decline phase represented cellular aggregation&li{hj'?“:”'

Thé osmotic pressure and pH checked at 0,/36, 64, and 77

hours were found to remain constant gt 349 mOsM and 6 0 f;t::pn

7




’.Flnal 51mp11f1ed gfowth medlum for protoplast . o
S cells grown under shaklng condltlons Lo

T
e
-
~

'ﬁffdéﬁﬁoﬁhd*Fiﬂf'.' Concentrﬁ&;gnb. J {'ff?c¢mpoﬁﬁdf3-~ " Concentration

'-ﬂi%;aﬁ-yif;;ﬂi,Jjﬁuaabpo4 “20 ';:. 1013 o;' o] :L;§a¢¢sej*j ] 5333p R

3;~{.1jfff;;ﬁ7yjffaxc1 y 2240 o;_i oo o Fructese 400.0 B
_“CaCl '

o 1000 0 ""'}];Glucose f:'j.l.". 10000 e
- .iii$;;MgSO VH 0 .'if’1~ 2780;0jf,f'f . ;;??a—Ketoglﬁtarlc ac1d - . 370.0
"';iiziufr"iNaﬂcb ;::ilﬁi_E-. 3$O;Q:.\j ;:?:'.EiD succxnlc acia - - . 60.0
£ ““IL Glut%mlﬁe e Zﬁ-_ ﬁi1ég;é33 #:. '_2;:ffpm§£1§;a§1§ :_ - n~ ‘: 56.0

:f -Asparaglne ‘;Kfféf?'ZBSO,b;:"i-'”ﬁ'f«jMES*HF{(;Ti\;; C . 1952.0

'“ffMgc1

ﬁfififf r-?v”{‘”L—Methlonlne f%u‘fA'::‘SO,Q‘é:'"f 3' :?jFéﬁ§l:é$1f.séfﬁm ] 1280

~'

L ﬁfjffgf'Q¥:¥“f§ 1nocuLum of 0. 5 ml standard medlum, 2 7x10 ééiié/mif- - T e .' S
' {u §!? 'b “in mgm/L .,,ﬁ' _i-g.u_ _ '*~.53w;. 'u:*‘:fi”.ﬂ'i”'4' . . . « i”

ml added to one; lltex of medlum
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Table 31

Growth of protoplasts in the medlum based
on 100per haemolymph analysis with fetal calf serum FEEER 1

< Incubation < | .A¥iéid (célis/m;g. S
o time. (hours) Ao o -" R

b,d;',ﬁwf“f{_:f:;;ﬁ'o; 0,0 ;f}uﬂh 555}10f4-0 00 -,

w\o" -
|+

i+

1200 e [75000x107 & 1. 7x10 if‘f}3.g;6}1bﬂ4 0,00

i
I+

7 O PSR T 2 32x10 ,3 2x10 : fbjlf:{é}iof+ 0. 007

»
- |4~+’ ‘._

'u36-6*1_”'5f75¥7] 7. 76x10
\. A f -

42,0 l4x10
.~~°: '.'. - v,

45_0 kf;%;eéf?‘ 4 87x10

'6 0x10
\

o

8. 0x10

\
Ul
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a

U'l
I
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The superiority of the medium based on haemolYmph

.

.janalysis has been previously documented (section II 2) when

thé’medium lacked fetal calf serum

The present medium with :
- T "‘:_,' . 0 .
.-.;tjuffﬂc:~- the;serum supported greater cell yields than the standard

:_medium or either of the s;mplified media (M13Aa or M3Aa)

EN

The generation time was 51gnificantly less than most of the.j

t other types of media tested and comparable to that of medium = ff

M13Aa_-'." N L -

The 1ncreased values obtained 1n thls medium may have

stemmed from two sources acting alone or in concerted fashion. N

.. ° .

The medium, because of its. closer sxmilarity to the larval 71

E3

haemolymph ‘may have supplied more necessary amino acids and

v

their derivatives than did the standard’medium The higher;

concentrations of amino aCldS and therefore, nitrogen levels

o

may also have favoured the 1ncreased growth rates and cell

y'lm-yield." ~ . h;,

T 2 Morphological development of protoplasts:;"

o oa
) .
< .

s

bore similarities\to media M13Aa and\MBAa but w1th 1nteresting

differences (Table 32) 'f/_ |

[}

. \' 4.)‘:' .

.

At all times the relative abundance of the mesoproto-'

P

plasts, elliptical mesoprotoplasts, and hyphal bodies were ;

greater than those of medium M13Aa and MsAa:; The stages also

. .
o0 occurred sooner than 1n the two 51mplified media. \Develop-

‘ ment in the pres ‘ent medium was characterized by a low ~

~

frequency of qulOn spheres from 46 to 52 hours.. The greatest

A kel BLVRSASISHNE!  MEREMNEGHT - TR e
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The morphological development of the cells 1n the mediumliuu_r__ L
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L Atimalersan oo / "
fj:f!f Relatlve per cent abundance of varlous morphologlcal types of ' }';,f'ST?f,,;g-”,ﬁf.
L E. egregsa in the medium based. on.; looper haemolymph B S '

H'QQijﬁﬁii$zf. ﬁi'z;fl;,_flf' analysis after varying perlods of, incubaR;On - ,:'fi'flla?§f¥ﬁ:-;. R
_;“r'Lf:;Wi;;“"1néébatidn,"' ];“1f17"Struptﬁre;;l»"fi: g'ii".:'ggf_" Abundgnce.fz 'jvgvif}jff; T
S Geenoo time (hours) f "'-iiﬂ z;'~iu”€--'n B T L A VRl s
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“-.mesoprotoplasts R SRS IR 1 T (AR
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occurrence of regular protoplasts occurred from 46 to 64 ’ i

o . o

i o T The dlmensn.ons of rod-shaped hyphal bodles (22 3 nm, . o
. 8= l 5 um x 1. 4 um, s—l 1 um) and spherlcal hyphal bodies ' i

N co R :(24 3 um, ‘5= 4 4 .um) were found to be s:.gnificantly greater . i
- o than those of med:Lum M13Aa..' 'I‘he abundance of the rod-—shaped - ' ) f

\ hyphal bod:.es remained essentlally constant over a 61 to 71 5

hour period, whereas, the level of the spherical hyphal bod:LeS',"
o increased to 60% by TL.5 hours.. By 112 hours '!:he spherlcal
' hyphal bpd:.es had a th:.ck cell waIl (6 1. nm, s=0 9 nm)

In contrast to development 1n the other media tested, 5.;_. A

' "'.-:con:l.dia were detected by 245 hours. Based on cursory exam:.-f' .

~nat10n of selected samples mycelia on” the surface had more S
"..iconldia than those in submerged culture. ) The conidia hare 7
: observed :Ln different stgges of development from conldial
inltials to the mature globose form w;l.th a: central o:.l qlobule
. , g .' (43 2 um, s 5 8 jam x. 34 0 pm,’ s-B 5 um) The more mature :

L '_;conldium was found to be statlstically and morphologlcally .

"comparable to the descrlption bf Otvos et al. (1973) of .
! f con:dla lsolated from the larval stages of l?. f:.scellaria g : i '
: .';_._':.*_;f‘iscellaria. - The conidla often gave rise to primary, SGCOndary, e
/,:: _‘:tertlary and quatenary conidla.l A septum was usualLy pro- ;.;.“;; @o - i :"
, :Aduded across the gerx;l tube. Behlnd each sv:ptum the tube vas. / el
I ” h devoid of . cytoplasm whereas J.n front of the' cross \wall : . ‘
B l'granula; cytoplasm was observed flowing into ‘the new conid:.um o |
, "..j':'_f.,.tOften a conidium gave r:Lse to another condfdium by‘Budding, _" -
" '.--the bud usually forming ‘hear: the apex Of the columella. The / , '.A'p:
o - ;. a - \;.\ [
f’tl{-ﬂm ~~.‘Zn~,. gy T . “‘g}_"
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. s L ,-pH of the medium by th:l.s time was 7 4. ,‘ : :'- o {
The formation of conldia and the:Lr rese.mhlance o - STy

L those isolated from the host/was considered ae further P o ﬁ

.T“upport for the superlority of th:.smedimn_‘felative to thei'-:' - - i

. . standard medium and slmpllfled medla T \ A S ~. —i

A
PN . el

’ PR i 'Phe failure of the conidia to inltiate vegetative ,‘ o

|
¢

‘Vgrowth was probably due to staling effects whlch resulted-i"_:" “
L from the growth prior to conidia format:a.dn.- 'rhe fungel .
':_'balls hed ceased spher:l.cal growth and Were forming sheets- of

S mycelia as’ ths ballé "brok/e down" ’,l‘he strat:.ficat:.on of'.:;'“'".-"‘

NF n__-’con:.dia formation impl:l.ed a possible oxygen requirement. ' the/ {'.'{. :
‘ IR o amount of dissolved oxygen in the medium béing less, under : .
B :.‘. , the present culture conditiOns, ‘the further from the. medium s '..:; 5
w surface. : Krejoova (1970) reported better conldia product:.on

'“.’.I i / ) . . ..,':. . . A"
T by E vinulenta in flasks that vere aerated.e_ The effects of S

N (

- . - o ‘. e R . _i ../
r RS 'aeration are not only the introduct:l.on of: oxygen, but also i T B

' '~~,.'-the reduct:Lon of carbon diox:.de and/or reduct:.on in the N L "

- . accumulation of free ammonia (Hawker, 1966] and a better

’ ‘-ﬁcirculation o_g x_nedia components. Media. rich 1n amino scids J
. gand proteins have been reported to favour con:.dia production Vs . B

'»'"_"(Krejzova, 1970: Latqé', 1975b).- Hawker (1966) reported that . 3

e the hexoses glucose and fructffse strongly 'favour con:.dia L ;

PR '.:_

o Hutchison (1962) reported spheri‘cal hyphal bodies - ' 1,._:’.;,1ff
' "-[‘of Entomophthdta kensa.na Hutchison"‘ in the hhemocoel of / ST “’
o ""'calyptrate flies. 'rhese hyphal bodies were observed giving ;

N
S
,

"'_;rise 1:0 conidiopfiores.
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/ decreased Taurine utilization peaked at the time/of me/ximum o
‘;'meaoprotoplast level 36 hours. Phosphoethanolam:.ne decreased

‘continuously throughout the gFowth curve. B T S A P
< _/
o poeitlve compounds which prev:.ously decreased in concentration

N increased in concentration (Table 33) .' The indiv1dua1 con-'-'

"""centrations usually achieved a maximum level by either 46 \_« '

Jutilized and after 77 hours was’ released into the medium

Do ! ' N - ’ l ' s
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3. Changes in the concentration of ninhydrin—positlve

e

compounds throughout the growth curve.

Throughout the growth curve the concentrations of

continu usly.' After 112 hours of incubation the 1evels of
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alanine, }s—alanine and Y—a_min_o_buty:/rlc acid decreesed. _

By l2 hours the concentrations of phosphoethanolam:.ne, e '

SN

taurine, thre)mine and/or an unknown believed to be methionine

.

sulfox1de, glutamine, asparagine, glutam:.c acid valine, ’

oot e e o Ea

methionine,‘ .1soleucine, ornithine, lyeine and/or a unknown o
decreased in concentration (Table 33) . Thereafter, _the oo TR I

B -

levels of threonine and/or an unknown, asparagine, glutaxnic

acid, valine, methionine, isoleucine, ornlthine, lysine and/

or an unknown increased in concentration while taurine /" :

During th/e regular protoplast stage those ninhydrin-";{"; ‘j‘ﬁl

B

o or 64 hours after whioh’ eignificant decreases occurred.-,

Sa,rcosine waf maximally released J.nto the medium unt::.l \ -

:'46 hours incubation Fron; 64 tp 77 hours ,/the auutno ac:.d wae "'.'_' -'_' '. :\f‘_

?roline was utilized until 77 hours after which it wae also 1 T

0o N a3= [ E] Y e
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T &f basedk:n the change 1n concentration of

~ﬁﬂfc

*';Perfpént

Table 1 ;]~;_:'

T SN,

change in concentratlon of ninhydrln—p051tive compounds' ’

'l‘,T¢bmp6uﬁ§“A},

the medium based on looper haemolymph analysis

o Incubatlon time (hours)

117

116

Q;Phosphoethanolamine '\;
. Taurine - -

" I=Aspartic’ acid - :
. . L~Threonine- +.unknown -
., I~Serine + unknown .

':~7L-Grutamine v ;fﬂ

~ ‘sarcosine -:- - U ..o
. " L~Proline R b
- L=Glutamic acid AT
». Glycine = - .71
L-Alanine" S
. L-Valine \.__”"‘|¢

.. L~Tyrosine .
- B=Alanine : L .
‘ Y—Aminobutyrage],
~Ornithine - }\ R
- Ammonia’ SN
L-Lysine + unknown BN
IL~Histidine. SRR
_L=Arginine , SR
--L—Phenylalanine R

L—Asparaginez '_

L-Methio ‘
L-Isoleucine .
I~Eeucine |

17 -
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".j‘jon the type of emino acids present (Meister, 1965$ a.nd the K »' ,

realeased 1nto the medium. | Phenylalanine 1evels decreased S / S

N
~cont1nuously after 64 hours while tyrosine decreased after S /

‘7112 hours. The reduced levels m phenylalanine and &ater

. tyrosJ.ne may account for the melanism in the cells detected ."

- fby —985 hours and later J.n the medlum by 112 hours. " \ | ;

~

A4

‘.,'.by E. egressa.. The extent of amino acid useage. also depended

concentrata.on of these amino acids (COchrane, 1958)
L BN N . . r,,‘ - S
v ',. . e ° : A T
2 o ' TR o .‘ N "~ 2 ’ o /' R
L a Tt . O . .

the phys:.ological .stage; ;. glutamine, asparagine, proline, /. L L

| Durlng the cellular aggregation' hyphal body ang/cell - )
wa11 formation stages of 77 to 8MQurs the concentrations | , ' ;
"of methionine, leucine, J.soleucme, and phenylalanine O '.-7_.
' '.'decreased L * N . "-:'-. f ; ) '.' ) * .
N By 116 hours most of the amrno acids and theJ.r deriva- ': o
tives revealed pronounced decreaseS\in concentration the g §
o lcompounds exempt from this being thoee previously stated to ) 3
continuously ink:rease 1n level.‘. The marked reductrons .
occurred when the mycelial stage was fully developed '
\"Patterson (1965) 4reported changes 1n am:mo ac1d concentrations _~‘ ‘:‘-;'
"“in cell culture media reflecting dlfferences due +0 the pro- - /
.:liferatlon phase. In v1ew of this the n:.nhydrln-positive ; : : . K ;‘#
. ""'-—."compounds analys:.s results c.f the growth of protoplasts in . “ "
",-."Grace 'S medium/and the present med:Lum were not rigorously dis- 1
_cussed due to pronounced differences /in rnorphological o 1
development. co ," .7. G o L
S /From both studies it wae apparent that, depending on ‘.-

. | fleuclne, _1soleucine,//;heny1a1anine and tyrosine were utilized




. ""-‘-Alysis occurred‘ Co . . .

124
-

: Diam:.nes and polyamines were not detected 1n either

the present medium or in the Grace 's medium substantiating
y s

L 'the/belief that no decarboxylases were released and no- cell/
The increased level of Y-aminobu/tyric ac1d may have

been the result of degradation of argin\me,/decarboxylation

"'of glutam:.c acid and/or the oxidation of" succinic acid o

oL

thanolamine was probably the consequence of inc’orporation of

e T .
/ -\/- .,-" -

il

‘i":.the 11pid into the cell membranes., -

-';‘.V Total lipid and fatty acid analysis of E

1. Lipld production by E. egressa . ',, |

- | e. ‘I‘he total lipid analysis ('I‘able 34 and Figure 13) of
.cells grown in medium M3Aa wn;hout vitamins (section V. 4 B)
. revealed a significant increase in lipid production during
- ".'the exponential growth phase. Lipid pro\duction was maxn;o.wn
?.,-':"_:.‘_at 72, 5 hours, the time y maximum cell yield (Figure 11)
'-,'._".t"'rhereafter the li/ J.d content decreased 'suhstantially.

RN This general pattern of lipid turnover has been
Faes ‘_".. .' . \ '
s -reported for two other 2ygomycetes, ‘ Phycomyces blakesleeanus
- l

"""f'_-_‘and R arrhizus (Weete, 1974) Weete et al (1973) postulated

Pt |

'to reproductive growth or to a depletion of icertain nutrients

Ain the medium The decrease reported in the presenb experi-

‘ / ment might reflect 1ipid utilization for carbon and energy '

.'._;‘%/t '_:,,._.
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o (Bender, 1975) The continuous utilization of phosphoe- o ‘

,-\- .
N ,
Il

'.'v""'f-'-_':'that the decrease in l{pld may be associated with metabolic P

' .alterations which occur during the transition from begetative -

<

e 1 "'*‘""‘W;ﬁ"‘;f" .
"l BN e o] e

bl et AN AT T N




K

Hours of

-~

.f/" 'I‘able 34

A

125,

incubatlon -

Lipid yield
(mgm/gm)

" 1
k,
o A S

- b

v *
7 S
& :
BER}

" I3
.".. .




i e e L Erain s i ¢

SO LAN




N .
o
| .
°
¢

40 SMAOH

o0t

van

&
02l

2 NOl
or

oe

P, - ' . . i i)
\ . W L N X P .
. - [ ‘ vl . : L
. ‘- . [ L . . N ’ - P
* . " '.— N ' s l .
.- | . L. * [
, PR o 8 ' o . .
. : 4 . ’ . ._ : . * 0
. Jd st . . - . LS
o ' . . o . - ' ' . . 4 ' ’ C ' .
. N . .
e ~ ' [ N , ) ) L.
. . P i . . . . - . '. A
Y N . et el o ’ . T
. . -

L-

|

o

'S

Qb e/ it Dot -+ S



Caw L

-auriﬁg cellu'l_a‘r" eégregetion and’ extensiy-e nce11_ wall s;.y'p;-

thesis. . Singh and Walker (se‘e‘:,Weete et al., 1973) .
" repo'rt'ed a decreese in lipid 1';v§1§ 'presumwly' ) for "energy \ o -
. and to prov:Lde substrates for polysaccharide synthesls O o
during stalk dormation of Dictyostelium dlsc01deum Agg. 3
. _ 2 Fatty acid analy81s of E _92_9_9_ : 4
, : g ~' 'I'he results ('I‘able 35) :Lndica.ted that the major fatty / J
: 'aclds were Cl4~:0 end,Y—'ClB 3 at 30 '7% and 24 l% nspectively ~-
ITra‘ce amounts of C8 0. ClO 0,: ClS l C20 3 022 l and C24 0 :-.I'f_.
: . wér'e alsO detected The percentage of short chain fatty : ’.
M acJ.ds (1;2.3 than C16=0) was 35 8%.-: :"';.“_ " .' e | T
. ) ;._.-;1 ,'l‘yrrell (1967) reported the presence of C20:4 and hlgh . "“.“.
1evels of C14 0 for 17 1solates of E.ntomophthora to be a '
. ’ Characteristic feature.~ All Entomophthora isolates tested 3_%-.;

had low levels of ClB'L The present result of a high level

Of.C18 3 apPears contradictory o 'I‘yrrell s results. _ wThe""f -
preselﬁz results dld not 1nclude C13 0 Cl4 l, C16 2 reported .

v : ) by Tyrrell (1967).. However, _t=he authorn obtained fatty acids

of the c22 o, c22 I and c24 o a:evels. Tyrrell (1967) SR

' reported fatty acids in excess of the 020 series rang:-ng from ’-’f».
i 0% to 24 4%. _ i",__ '.'“I_"*"i-b_. o ' N L ,_.-_‘ ° K
B — : Becaus: 'Onfﬂ the differences‘ in érowth med:.a, hal.reest g _ ‘.‘-’f _
| time and the non-welled"stage of E. egressa in terms of T '7::: b
Tyrrell's work (1967) the guantitat:.ve values of the fatty I “ :l ;;

T acids were not rJ.gidly ComParEd and the taxonon!ﬁ:c grouping

- proposed by 'I‘yrrell (1967) was not applicable.
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( L days growth in v:.tamin free medium M§Aa ;/;":
e :

T —— .

Table 35

e e S YD

Total fatty acid analysa.s of E. gressa after three '. . ; '

/' ' .'.'.- e

Per cent T

R T

"1‘12 +0 l

'_,17 10 -F.;"’

27 +00
\?\”

44+03 ;',

Fatty acid Per cent Fatty acid
e o total e ,
: :; L 8-‘0--' traceb '
] ‘ 10 0 trace
' 3 1f2 0" / 4 0t o 3
SO ;f'._" 14 o 30'»7 + 2 1
| 15 o 1_,~1 + 0. z -
S l_5="l, . trace _.‘\_:_-‘ ‘:
. B Cle0 s 4 u z

N
" R

-'b. All values less than 1%

'.‘/

. First number is: the number of carbon atoma, the S
AR second is- the numbe:: ‘of: double bpndg.\, T
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L B 11; The optimum physmal Qrowth parameters of fetal L

. calf serum concentration, type‘ of osmotic stabiliz:mg agent, L -

osmotic pressure, temperature“ type and concentration of ' i
- — . . o e e T

-."..' . . . b . co R 71

buffer and pH were determined.‘,[' o 'f Y T o

" el LT
] '1\_):3.1 llpld and £atty acid analysis of stages of f. Gl .

“ ;_., fiscellaria fiscellaria were studied for“possible ins:.ght

x< into the nutrltional requirements of the protoplasts.:_. * e

3. NinhYdrin posxt;x.ve compound analysis of the

~

larval haemolymph resulted :Ln the development of a medium

'- superior to that of the standard mediu.m in terms of -." o Ty

. generatlon time, maximum c«ell yield and protoplast morphology_' -

4 : Protoplasts utrlized glucose when grown m the

o b ,I A -
o Soon e e T

standaéd medium bnt only 1ate in the l:Lfe cfycle. -

: ’5.. Ninhydrln—posi-tlve compound analysis of amino acid o i
2 uptake by thé protopl:a.sts from the standard medium allowed : :
reduction of the number of types of compounds from 21 tO 3

3 amino aci:ds. 'ja B 0 L ~~ { t ""-'°" o

S

'I‘he prbtoplasts were found to be vitam:Ln auto—,:,'..,_.‘

R

.. .

trophic when grown 1n‘two types of med:ra. 'I'he cells tlso j'

require protein for‘membrane integrity in _Baken culture but" ‘

."_ anot in statitmary culture. __'_. " A e

o ; _ -rhe protoplasts readily utilized glutama.ne/. Theﬂ "_. -+
. ce:ll.l.ular yield 1ncreasing.1n pumber wz.th ingreasing glutama.ne '-\," )
LR ." concentmtmn.“;ﬁ,; B R RS e
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o - .7i f"";fi ?\ E{ The cells were found to 1ncrease 1n lipid IR :
p— L . [y \ o

content during exponential_growth followed by a reduction'i“,'r;:;."'ili

. : e .
_ gassoc1ated w1th a change 1n development. The major fatﬂvﬂ*';ﬁ RN o
’ e"fffh-' ac1ds were cl4: Q and C18 3.-.Tf "5mif’A\w f'f'- . '-?ﬁ‘f‘_* e i.-

“1? T d; o {_.”*-9. Analy51s of the uptake of ninhydrxn-posxtive

compounds from the medlum based. on haemolymph analy51s C L -

. o .
e PR

qf. ,1"'f:;;: revedled dlfferences 1n,am1no acxd utilization compared v T e
. w1th the uptake from the standard medlum. .'.g - ;;T$*<'f” A

-5*"' ‘ (Zi;j'*_:pf_; 10. Morphologlcal development was observed through- o
out the’ experlments, and\the eleven dlfferent stages',"ﬁ"43miif‘j~ .y

| S 3j.’detected were- compared._. f,hvx‘ ,':-1:Au,'vi,;":'i,‘ Sl sl
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' Appendix I "

S S - . Nuclear staininy procedure . - - .. '*}"i,"gL
) L]

— . - .o e e .o - . S . LA . K

T

A sample of 24 hour old protoplast cells grown 1n .

< -

"Grace s’ modified insect tissue culture medium was centri—

: ?-;~_ ,fuged at 155 xg until a. pellet was detected. The Cells

;}}?'.' 'f,o.'.";.were transferred to microscope slides and exposed to l"i, :jfi _'}ff
- , -.osmium tetraoxide (2%) fmmee For~five minutes. To this : . SR
:il d'}*.ﬁ two drops of 2% OsO4 was added followed 30 seconds 1ate;- ’;dﬁ
oo by quer ‘s albumen. " The - slides were ‘heated at.70° C for .
S \l 1 to A 5 hours._.' ;'-; {~;:u"-;;/;dl o ‘ E e
f';.',d“ - \,f Hydroly31s 6f the . nucleicqecxd occurred by immefsion}‘.f ﬂ'g',gif
o of thé ﬂmatereial {nto. 1N\/HC1 for 1. és to '1.50 hours ‘followed « | .. ' |
: by rj_nsing with N Hc1 and distilled water-_‘ The cells were.;'.'_-‘ L

stained by soaking in Schiff's reagent for 1.5 hours. . The Do .
A e
slides were rinsed in three separate one-minute washings in .

sulfurous acid (l gm NaHSO3 10 ml 1IN HCl, 200 ml distilled

:“iu”ng? water) followed by rin91ng with distilled water. The slides

B were held - in a’ 60% ethanol bath until a; pink cmlouration ' i
.“Q'..;‘ occurred.- This was followed by°three ten—minute immersions , ”4
f*ﬁ'; ;1: in 80% and 100% ethanol. The nuclei stained pink against fg*; e ﬁ“
/;',' . . RETR . . , . Lo R y
Soa brown backgrouna. ~.fu e ;': j” €.5;¢
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