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PREFACE

This study was concerned with the mode of entry of Beauveria bas-

sianq into the corn earwdrm (Heliothis zea) and the consequentialbpisf
tological ramifications. An understanding of these phenomena may.un-v
cover a means of enhancing the efficiency of the pathogen. - The primary
objective was to determine‘the location and nature of the initial
penetration by B. bassiana into and proliferation within first instar
corn earworm 1arvae using both light and scanning electfdn microscopy.

I wish to express my-sincere‘gratifude énd hppreciatioﬁ to Dr.
E. A. Grula for his patient guidance, éupport,vand encouragement
throughout this endeavor. Appreciation is also extended to Dr. Robert
Burton for his counsel and assistance in understanding the morphology
and maintenance of the corn earworm larva.

I wish to convey my deep gratitude and appreciation to David
Cockrell and my parents, Hart and Barbara Pekrul, for their continual

friendship, understanding and'encouragement.
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CHAPTER 1

INTRODUCTION

The fungus, Beauveria bassiana,>has been recognized as an entomo-
pathogen since 1835 Qhen Agostino Bassi proved it to be the organism
responsible for white mhscardine of the silkworn-(Pramer,‘19§5.).Since
bthen it has been fouhd‘tQ be a widely distributed, nonspecific éntomof
'pathogen (Barson, 1977). As such, it is a potential biolpgicall
finsé@ticide;

| .

Conidia of B. bassiana aré globose to oval_and vary greatly in
size with an average diameter of approximately 3’pm (MacLeod, 1954).

v " These conidia are ahong the smallést in the fungi (Hawker and Madelin,

- 1976) and have been reported to be unornamented (Mangénot andkReisinger,
197635 Reisinger and Olah, 1974). Primary spores are produced on coﬁi—
diophéres which may be simple or branched; these structures vary greatly
in size,_éhape, ahd numbér of conidia produced (MacLéod,A1954). ;Second—
ary spores and bléstdspores are.produced directly:qn the‘mjceliuﬁ and
‘are ﬁore cylindrical (7—12'pm by 3—3.5'pm) than conidia (MaCLeod, 1954);

On germinapion;‘conidia,swell and produée 1-3 gerﬁ tubes. vTheSe’.
may protrude from any place on the spore (amphigeous). Septate hyphéek
.will inérease in width with age and, hehce, vary in diameter from 1l.5-
3.5 pm (MacLeod, 1954). |

Infection by B. bassiana has generally been regarded as a result

of direct penetrétion of hyphae through the integument (Lefebvre, 1934;



Vey and Farpues, 19773 Fnrron, 1978 Pr;mer, 19653 andlSteinhaus,'1949)
which is facilitated by both mechanical and enrymatic activity. How-
ever, peﬁetrétion through rﬁe alimeﬁtary tract (Broome et al., 1976;
and Gabriel, 1967) and the respiratory system (Clark er al., 1968; Hedf
lund and Pass, 1968; and Steinhaus, 1949) have also been reported}v

1t was intéresting to note the integument is thezmosr‘commonly
nored-route of infection és it appears to érojecr thé m§st formidable
barriér,i Tﬁe intégumént is composéa of rhree layeré,vthe epicuticle,.
-exocuticle, and endocuticle, as shown in Figure 1 (Chapman;‘1969).

: ‘jhe_epiruticle itself ran have four 1ayer$ and corérsvthe entire
insect. The outermost layers are the cement layer, conraining a
shellac-type material, and a wax layer (Hackman, 1974). The cuticuiin,

.the third layer, consists of staBiIized lipid wh%ch can_bind to protein
to stiffen the cuticle (WigglesQorth,:1972). The dense, homdgenoué
inner cuticle layer appears to contain lipid, iipoprotein, aﬁd_wéx
‘(Hackman, ]974).

" The bulk éf the cuticle consists of the exqéutirlerand endocuticle -
which are primarily protein and chitih. Almost half of thé dry weight
of.rhe cuticle is prorein along; its amino acid compogirion is ;ﬁg same:
thréughbut the cuticle. éhitin, unbranched chains of p-(1,4) N
aceryl-D—g]ucosamine, is ofren fbund.éomplexed with protein. These
egcbproteins consist of rods of chitin surrdurded by protein, which
are bound by both covalent and weaker bonds (Hackman, 1974).

’Srlerotization (hardening of the'quticle) in the'exocuticle occurs
Qﬁen prqteins are grosslinked by reacting with quinoﬁes*(Hackmén, i974).
Conscquently, both_protéin‘and chitin become more'highly-briented. The‘

" intersegmental regions lack these sclerotinous proteins.
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Penetretion of the integument by entomopatﬁogenic fungi hae been
reportedly’accbmpaﬁieduby a dissolution of the cuticle (Lefebvfe,.1934;_
koCauley et al., 1968) indicating enzymatic'acfiVity."Itnhas.also’been
reported that mechanical forces are involved in penetretion (Lefebvre,
‘1934; Yendol and Paschke, 1965). 'Penetratipn usuelly occurs at the
intersegmental regions (Lefebvre, 1934; MeCauley et al., 1968) where
‘sclerotization has not occurred. Once the infection is in progresé,
the reported order of tissues infiltrated by the funéus varies. Dermai
cells may be destroyed neer the point of penetretion.(Steihhaus, 1949),
" but the fat body is usually attacked first (Lefebvre, 1934; Yendol and
‘ Paschke, 1965 McCauley et al., 1968 Yen, 1962). Dis;ntegratlonvof
muscle, nerves, and glandular structures may follow (Lefebvre,.1934;.
Yen, 1962; Yendol and Paschke, 1965), however, upon larval death, these
structures may still be intact along Qith the allmentary tract and |
tracheae (Yen, 1962; Yendol end Paschke, 1965). Since death can occur
.with little tissue damage,Ait hes been speculated that toxins or'a1¥
terations of the hemolymph are involved (McCauley et al., 1968).

Eﬁtry of the fungus through the respiratory system is'anothef pos—
sibility. This type of invasion is reported to occur by penetration
through tfaeheae adjacent to spi}aclee (Clark et al;, 1968; Hedlune and
Pass, 1968). However, eOnbenetrating gefm tubes have been observed
withinltracheae (McCauley et al.; 1968). Death ﬁay be due to toxin
-product1on or mechanical blockage of traeheae (Clark et al., 1968)

The enzymes necessary for penetration of the tracheae would. prob—
abl} be proteases and/or chitinases. The tracheae are formed by in-
vaginations of the ectoderm and hence, are composed of cuticle simiiar

to that of the larval surface. Its procuticle, though, is much thinner



and it contains no cement or wax (Hackman,‘1974){ Consequently, pene-
tration of the:tracheae and integument'coﬁld involve similar or idénti—
éal-eﬁz&ﬁes. | |

The last possible route of infection is the alimentary tréct. In
this case, an ipvading germ‘tube would need to'penetréte the enteric
‘eéitheliuﬁ which is iined By a cuticulaf layer of chitin and protein.
(SﬁédgraSS; 1935). Again,-a chitinase and/>r protease could Bé inJiJ;
yolvéﬂ. -One important requirement for this typé of infection is that
conidia must survivevthe high pH of the gut, thch for the corn earworm
' .isipH 8.6 to pH 9.27 (Burfon, unpublished). Micrbfeedingvof conidia to.
larvaé has yielded some data on this problem.. Penetration of the -gut
wall has‘been reported (Broome et.aI.,.1976); hoyevef; germinétion in-
hibition is evident (Gabriel, 1967); Germination before ingestion may A
be necéssary for survival (Yendol and Paschke, 1565).

Most of the studies of entomopathogens have been based on light
microscopy; a few notable ones haQé been made using electron microscopy.

- A study of infection by Metarrhizium anisopliae with transmission

electron microscopy (TEM) revealed that peﬁetration occurs throﬁgﬁ.the
integument by appressoria (Zachhruk, 1970a,b). Appréssorial cells were
found to contain numerous mitochpndria, dictyosomeé, ribosémes, and
endopiasmic reticulum, suggesting a high leﬁel of metaBolic activity.
chharpk concluded'the penetration was primarily enzymatic in nature,
but was initiated by mechanical activity. A later study of M. aniso-.
Bliéf using scanning electron microscopy (SEM) revealed ﬁhat germ fubes
" grow extensively over the cuticle beforé forming appressoria (Schabel,v

1978). Appfessorial—like structures were also found using TEM in an

iﬁféction of Leptinitarsa decemlineta by B. bassiana (Vey and Fargues,
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1977). All three of these electron microscopic studies emphasize the
formation of specialized structures before enzyme pfoduction.
The target organism of the present study, the corn earworm

(Heliothis zea), is the most important pest of corn and the second most

deétructive insect in the United States (Swan and Papp,”1972). Also
 known as tne cotton bollworm and tomato fruitwnrm, this inSeCt can be
found world-wide feeding on a variety of vegetables and flowers. Adults
‘ '-émerge in the spring from overwintering pupae and lay eggs nhroughout

_the summer. The life cycle is only about 35 days; therefore,‘B or more
generations may occur annually. : ,

In the present study, infections of Heliothis zea by mutants of B.

: bassianavwill be observed usingvlight microscopy!and SEH. Scanning
elecnron_micnoscopy is essential in understanding the nature of fungal

: gfowth on the larval surface and the route of infection. The later in-
ternal}stages of infgction are best revea1e§ by light microscopy. It is
hoped that understanding the infection process of B. nassiana will lead-

to methods for enhancing the entomopathogenicity of this fungus.



CHAPTER 11
MATERTALS AND METHODS
Test Organism

Mutants of Beauveria bassiana (Vuill.) were obtained in this labor-

utqry by irradiatiﬁg (UV) conidial suspensions and sele;ting for differ-
ential proteolytic capabilities on Sabourauds dextrose agar_(SDA,

Difco) containing litmus milk (caseiﬁ protein). Spme mutants were col—
lected from larval passages (i.e., from a mummified larva). Patho-
genicity of these mutants toward the corn earworm was determined by'
probit analysis in this laboratory. A‘pathogenicity ranking of the mu-
. tants aqcording to LD

0 and LC.. values is given in Appendix A.

5 50

Larval Colony and Maintenance

Corn earworm larvae (Heliothis zea) used in this study were ob-

£hined from the USDA Entomological Research Laboratory, Stillwater,
Uklaﬁoma. Larvae-weré grown at 25°C on Burton's CSM diét (Burton,
1970) and a modification of this diet in which D-chloramphenicél (0.5
mg/3.8 L) reblaced the antifungal agents (formaldehyde, sorbic acid,'

and p-hydroxymethybenzoic acid) ﬁdrmally employed.
Media

Cultures of Beauveria bassiana were grown on SDA slants at 25 C.

Transfers were made only from sporulated cultures. vFrequent transfers



(every 3 weeks) were necessary to maintain cultures.. Storage was at 4 C
or at room temperature.
Submerged cultures were grown for 7 days in Sabourauds dextrose

brotl (SDB) aerated on a rotary shaker.
Preparation of Conidia for Infection

-Cohidia*from 7 dayvold cultures of B. bassiana gfown oﬁ SDA'plafés”“
" were harvested by two methods. The first involved washiﬁg’the coﬁidia
from the'cultﬁres with 0.1% Triton X-100. This suspension was theﬁ
ceﬁtrifuged and washedf3 times with distilled water. vSméli VOiﬁmes
.(1—2 ml) of the reéulting suspénsioh’werethen épplied to stefile filter
paper in a petri dish. |

Tn ﬁhe.second method, sterile filter paper.was placea on fungal
é@ltures‘and either_dampened with 1-2 ml distilléd»watér'of left dry.'
Aftervten minuteé, the paper was invérted and placed in é sterile:petri
‘di;h.

Fof both coliectibn ﬁethods, no attempt was made to appl& a cdn—

" stant amount of conidia to each larva.
Infection Process

First instar larvae were allowed to crawl for 10-20 miﬁutes 6n
filter baper covered with conidia;_ During this time, aﬁ'effor; was -
.made éo keep the'iarvae on the filter paper, but thig waé not aiways
bossiblé; - Larvae Qere later placed on regula;‘or'modified‘CSM diet.-
In order to conserve diet, as many as & iarvae were bléced'iﬁ a cup.
Larvae not treated Qith conidia were grown on modified and reguiaerSM

diet as .controls.
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Light Microscopy

Preparation of Larvae

Infected larvae and controls were killed aﬁd fixed ét various time
" intervals following infection with alcoholic Bouin fixative ét 60°C for
2 hours (Grimstone and Skae, 1972). Following a.24 hour wash in 70% .
,éthéhol, larvae Qere dehydrated and embedded in paraffin using a ﬁadifi—
'~ cation (sée ApéendiX‘B) of Zirkle's ﬁertiary butanol series (Zifkie,
1934). VSéétioﬁs of 4«10 pm thickness were ébtained using a Speﬁber ro-
_ tary microtome and fixed to glass slides with Héupt;s soiufion (Berlynv‘
and Miksche, 1976). Modifications bf Hamm's séain and‘Mayeris hemalum
stain were used (Hamm, 1966; Grimstone and Skae,|1976). The staining
formulae and'sequenges are provided iq Appendices C and D. Stéined
séctiéns were then examined and pﬁotbgraphed usiﬁg a Nikon phase con=

trast microscope and Panatomic-X film.

Preparation of Fungi

Mycelia and conidia were observed in smears stained’with_lacto;
phenol cotton blue and in paraffin-embedded samples preparéd'as de-

scribed above.
Scanning Electron Microscopy

Preparation of Larvae

Infected and control larvae were killed and fixed for 2 or more
hours at room temperature in 47 glutéraldehyde buffered with 0.2'M_

cacodylate buffer at pH 7.3. After washing with buffer for 1 hour,
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larvae wefe postfixed for 1;2 hours with 1% osmium tetroxide (Hayat;
1970). Dehydratién was in an ethanol series (30-100%) with each .step
lasting 15-20 minutes. Care was taken not to aggitate the larvae so -
that conidia on the surface would not be disturbed. The samples were
then critical point‘dried usiné liquid CO2 and mounted on'alumihgm
éiubs with silver conducting'paiﬁt or double adhesive tape. The larvae
were plated with gold—paliadium for 2 minutes psing a Hummer evapd%étbfi
this resulted in.a depositién ofvapproximately 4008 (Hayat and Zirkin,
1970)._,E¥aminationvwas accomplished using a JOEL 35 JSM scanning
electron microscope at an acceleféting voltage of 25KV. 'Photographs

- were made using Polaroid film.

Preparation of Fungi

Suspensions’ of conidia were prepared from cﬁltures grown on SDA by
washing with water or 0.1% Triton X-100. Spdres from broth cultures |
'wére collected by filtration through cheesecloth. Spores were'plaqu
on membrane filters (pore sixe 0.4 pm, Bio-Rad Laboratories) bybfiltfah _
tion;or immersion. The samples were then fixed, dehydrated, critical

point dried, plated and examined as described previously.



CHAPTER III
RESULTS

Surface Morphoiogy of Beauveria bassiana

Conidia from seven day cultures vary from globose to“pval (averagé :
diametef'of 2.13 pm)‘énd from unornamented to slightly Qfﬁémentea. Mﬁ-x
tants différ sﬁmeﬁhat in these qualities. For example, mutant 8 is |
usually more ornamented and oval than oﬁher mutants such as R1 aﬁdyg TA‘
(Figures 2-4). However, conidia produced by éach individﬁal mutaht
also vary in shape and ornamentation. qusequently,‘mutants cannot be
 identified by surface morphology of their conidia.

Conidia surface'texpﬁre can be altered slighfly by washing with
Triton X-100 (Figures 4 and 5). Ornamentation is occasionally in-
crgased3 but‘still varies éﬁong individual mutants. |
B  when grown in broth cultures, B. bassiana'produces Eléstosporeé
“which differ Substéntially from conidia. Blastospores are elongated
(as iang as 26 pm) énd bleakly;qrnamented (Figurev6).v
| “Ubon germination; conidia swell and produce 1 or more germ tubes.
These germ tubes can protrude from any point of the spore with respect
to the birth scar. No spgcial-cellular‘strﬁctures or texture differ-- :

ences were observed at the hyphal tip.

- 12



. Figure 2. Conidium From 7 day Culture of'Mutant
” 8 Grown on SDA. The conidial sus-
pension was prepared by washing the
culture with water. Structures in
the background are the pores of the
membrane filter. 12,000x.

Figure 3. Conidia from 7 day Culture of Strain Rl
Grown on SDA and collected with
water. 15,000x.






Figure 4. Conidium From 7 day Culture of Mutant 9
o Grown on SDA and collected with
water. 12,000x. ‘

Figure 5. Conidia From 7 day Culture of Mutant 9
' Grown on SDA and collected with
~Triton X-100. Note the increased
ornamentation compared to water-
washed mutant 9 conidium. 12,000x.






Figure 6. Blasostopore From 7 day Culture of Mutant
9 Grown in SDB. Note the elongation’
and lack of ornamentation. 12,000x.

Figure 7. Germinating Condium of Mutant El. This
sample was fixed 15 hours after the
broth was inoculated with conidia
from a 7 day culture. Note :the outer
wall fragment. 12,000x. '






Figure 8. First Instar Corn Earworm Larva.
Spiracles (black arrows) and
setae (white arrows) are quite
noticeable. 100x.

‘Figure 9. Surface Features of First Instar
‘ ' Corn Earworm Larva. Included
" are nodules (n), a seta (s),
and a spiracle (sp). Note the
angular geometry of the arti-
factual wrinkling of the '
cuticle (a). 1200x.






Figure 10. Distribution of Conidia (c) Near Nodules.
(n). Enzymatic degradation of the
integument is shown by the hole at the
point of penetration by a germ tube
(arrow). The conidia are of Mutant
El. (This sample was fixed 18 hours
after infection). 2000x.

Penetration of the Integument (arrows)
at the Base of Nodules (n). Mutant
El. (24 hours post-infection) . 2000x.

Figure 11.






Figure 12. Cluéter of Conidia at the Base of a
' Seta. (Mutant E1) 3600x. '

Figure 13. Heavily Infected Larva with Many Germi-

' nating Conidia. Note the hole in the
integument (arrow). Most germ tubes
are oriented toward penetration.
Mutant El. (30 hours) 2000x.






Figure 14. Enzymatic Degradation and Production of a
Hole in the Integument by an Invading -
Germ Tube (arrow), Mutant El. (18
hours) 7800x.

Figure 15. Strong Orientation of Germ Tubes Toward
the Integument. Penetration does not
always occur at the base of nodules
and some penetrating hyphae exhibit a
slight increase in width (w). Forma-
tion of a hole is occurring at the
base of one penetrating hypha (arrow).
Mutant El. (24 hours) 3600x. '
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and were able ;o»ponetrute that structure soon after gerﬁination.
Penetrat ion was Qbscrved as carly as 18 hours after infection (Figures
']6, ll,‘and 14). Penetrating ‘hyphae had An average visible length of
1.4 pm. Dﬁe to the 1ocation of the conidia, peﬁetration usually oc-
curre&”at the base of Qodules (Figures 10, 11, and 14), but coul& be
- observed elsewhere (Figufe 15).
4;Not all germinating conidia of mutant El pfoduced penet;a;ing\éerﬁ.»,
" tubes. ‘CIuSters of germinating conidia commonly yiel&ed'some errant
hyphai grsﬁth (Figufé 13). Dispersed conidia exhibited a greater ten-
&ency to produce penetrating germ tubeé, but even some isolated cdnidia
failéd_to penetrate soon after germination (Figures‘iO and 11).
‘Penetration throuéh the cuticié 6ccurs‘without tﬁe_fofﬁation of
appressorﬁa] structuresf There is aﬁ occasional ;light thickening'bf.
 ';he germ tube just prior to penetration (Figure iS), but this is not -
‘enough to signify appressorial formation. A hole in the cuticle was
often visible around the gérmlfube at the poiﬁt of pepetration (Figures
1’3,. ll;,‘:md 15). | | |
| '.Germina£ing conidia were sométimes présent oﬁ‘the ﬁeéd of heavilj‘
infected larvae, but penétration was not eﬁident (Figure 16).' Ingﬁead,i
hyphae'greﬁ exténéivelybwith no appareﬁt 6rientétiong :

In addition to'direét.penetration'thrpﬁgh the ihtegumenf; the
[ungﬁg may enter thféugh the'respiratoryigystem. g; Béssiana coﬁidia
are small eﬁough to be tfapped within a spiracle atrium and‘are abie-to
- germinate there (Figure 17). Germ tubes are also able to enter the |

,éériuﬁ and to penetrate the spiraéle pfopér (Figure 18);
':Muﬁmified larvae reQeal fungalvgfowth protruding first at the

intersegmental regions but eventually appearing over the entire insect



Figure 16. Hyphae From Germinated Conidia Growing
: Errantly and Unable to Penetrate the
Head. Mutant El. (20 hours) 360x.

Figuré 17. « Germinating B. bassiana Conidia v
Within a Spiracle. Mutant El.
(20 hours) 6000x.

Figure 18. Germ Tubes Entering the Spiracle Opening

7 (g). Note the enzymatic degration at
the edge of the opening near the germ
tube (black arrow). A germ tube is
also penetrating through the side of
the spiracle (white arrow). Mutant
El. (30 hours) 1600x. '
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(Fighre 19). The integument did not appear: to be degraded atlthe point
" of hyphal exit as it did upon penetration (Figure 20).4.Rather, the in-
'tegumeht was almost indistinguishablezfrom~thé'protruding hyphae. No -

hyphal growth appearéd‘frqm the spirécies.

Light Microscopy

. With the staining methods used,'various organs'and’stfﬁctures*cbuld
be distiﬁguished in thick cross-sections of first instarviarvae'(Figure
21). Tﬁe'cuticle, including nodules, appeared somewhat transparent with
varying thicknesses (Figure 22).__Sec;10ns ﬁhfough setagland spiracles
were réfgly observed. The epithelium is a éingle layer of dense cells
(Figure 22) directly beneath the cuticle. Silk glands staiﬁ very darkly
"(Figure 23), wheréas the.musclé andﬁmid—gut.are ;uch lighter (Figures
leand 22)} Thévfat body is a'ioosely—bound‘strﬁcture with various':
:étaining §Uaiities (Eigures 21 and 22); some’areas'df.thé fat body are .
quite dense whileladjaceﬁirregions may appear ektrémgly lacy. The
staining quality‘of trachéae is similar to that of the cutiélé‘(Figure'
23). The ribﬁed texture of tracheae is often‘noticeablé. Malpighian
',! tubules may be mist#ken for tracheae except for their irregaiar shape

. and tﬁickneSs (Figures 21 and 22).. The hemocoel of ﬁninfétted larvae
is more easily noticed due to numerous empty areas (Figﬁre 21). Base-
"ment membranes, peri;rﬁphic membranes and hemocytes were difficu}t to
 ,di§tinguish_w1th consistency.
' Penetfation of the éuticle was rargly observed in;;hick sectiﬁns,,
'.éVen in'léfvae infected with a high conéentratioﬁ Qf conidia. ‘When qb-
séfved (Figure 22); thé léngth of germ tubés éxtgriofvto the qutiqlé"

‘'was comparable to those observed by SEM.



Figure 19. Mummified Larva. Note the fungal growth in
the intersegmental regions and the lack
of growth from the spiracles. Mutant
El. (6 days) 660x.

Figure 20. Hyphae Protruding From a Mummified Larva.
Note the lack of an enzymatic hole
(arrow). Mutant El. (11 days) 1100x..






Thick Section of an Uninfected First
Instar Corn Earworm Larva. 'Note
the'éppearance of cuticle (c),
‘muscle (m), epithelium (e), fat

" body (f), gut tissue (g), and Mal-
pighian tubules (t). 1400x.

Figure 21,

Thick Section of a Germ Tube Penetrating
the Cuticle (arrow). Fat body (f) and
epithelial cells (e) are evident.
Mutant El. (22 hours) 1400x.

Figure 22,
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Extensive fungal growth is evideﬁt in the hemocoel withinv48 hourg
after exposure to conidia (Figure 23). This growth takes place with no
apparent tissue damage. The fat body was the first tissue té be in-:
filtratea; this‘occurs.about 60-72 hours after infgc;ion.' On the fourth
~to sixthvday, gut tissue and Malpighian tﬁbules'show signs of degrada-
tion; mummificatioﬁ has usually begun by thié time.‘ fissues which aﬁd
pear unaffected, even in exten;ively mummi fied larvae, ére the silk
glands, muscle, and tracheae (Figure 24).

Hemocytes could be observed (with difficulty) .in all stages of the
infection. However, due to extensive fungal growth in the hémocoel,
?éiative'ﬁumbers of these cells could not be determined.

Muﬁmification could occur‘without any appargnt tissue damage
(Figure 24). The hyphae could'bg protruding through the cuticle while.
.the gﬁt, muééle, tracheae, silk.glandé, and spmé'of thekfat body were
still ih;act. At this stage, the hemocoel was completely filled with
v*mycéliél growth. It seeﬁs.probable that’deatﬁ could occﬁr without ex-

cessive tissue damage.
Less Pathogenic Mutants

On fhe larval surface; the behavior of mutant El is different from
that exhibited by less pathogenic mutants. Conidia of some mutanﬁs,
such as #3, fail to adhere well to larvae even.if a high concentration
of coqidia are used to infect. Also, nongerminating clusters of conidia
..can,be.obsefved (figures 25 and 26).‘ Conidia'thatvéerminate‘do yield
hybhae that'are higﬁly oriented toward penetr;tion (Figurg 27). In-
stead, the majority of conidia produce'hyphae &hicﬁ grow e#tensivelyﬁ

over the larval surface in an.errant manner (Figures 28 thrbugh 30).

-



Figure 23. Extensive Fungal Growth in.the Hemocoel
(h) with no visible damage to the gut
tissue (g), silk glands (s), and
muscle (m). A hypha is visible within
a tracheae (arrow). A nodule (n) is
also present. Mutant El. (48 hours)
1400x.

Figure 24. Mummified Larva with Intact Fat Body (f)

o and Muscle (m). Some hemocytes are
present (arrows). Mutant El. (12
days) 1400x. -






Figure 25. Conidia of a Low Pathogenic Mutant
(#23) Unable to Germinate on the
Larval Surface. (24 hours)
1300x.

 Figure 26. Accumulation of Conidia Near Nodules
- ' - Mutant 10. (24 hours) 1800x.






Figure 27. Isolated Conidium of Mutant 16
Producing a Germ Tube Unable
to Penetrate the Cuticle.
(26 hours) 2200x.

Figure 28. Hyphae of a Low Pathogenic Mutant (#9)
Growing Errantly and Unable to Pene-~
trate the Integument. (26 hours)
780x.






Figure 29. Errant Growth by Hyphéevof a Low
Pathogenic Mutant (#14). (26
_hours) 1000x. .

Figure 30. Errant Growth of Mutant 20 on the
Larval Head. (26 hours) 480x.






45

Penetration by hyphae of some poor pathogens can be observed. It

can occur soon after germination (Figure 31); however, it is more com-

monly made by hyphéé that have undergone significant elongation. The
external length of hyﬁhae may range from 2 pm (Figures 31-33) to as
long as 20-30 pm-(Figures 34-36). Extensive”élpngation'of h&phae prior
to penetration is rarely seen with mutant El. As with mutant El,.When
penetration does occur, it is apparently due to enzymatic activity
since holes are produced at the point of entry (Figurgs 32-34). Ap-

pressoria are never observed.
Nonpathogenic Fungi

The conidia of fungi which are not pathogen;c to the corn earworm,

such as Aspergjllus niger and Penicillium chrysogenum, are unable to

germinaté on the larval surface (Figures 37 and 38) eQen after 6 days. -

The conidia of these fungi are more uniform in shape and ornamentation.



Figure 31. Penetration by Germ Tubes of Strain
R1 Soon After Germination. (26
hours) 1300x.

Figure 32. Hole Formation by a Penetrating Hypha
(arrow) of Strain Rl. Some growth
is evident prior to penetration.
(26 hours) 5800x. .






Figure 33. Penetration and Hole Formation (arfow)
‘ by Hypha of Strain Rl. (26 hours)
2000x. , ‘

Figure 34. Penetration and Hole Formation by
Greatly Elongated Hyphae of
Mutant 1 (arrows). (26 hours)
1600x. :






Figure 35. Extensive Growth and Eventual
Penetration (arrow) by
Mutant 14. (26 hours)
1800x.

Figure 36. Penetration (arrow) and Errant Growth
by Hyphae of Mutant 20. (26 hours)
10,000x. B '






Figure 37. Nongerminating Conidia of
Aspergillus niger on
the Larval Surface. (6
days) 1800x.

Figure 38, Nongerminating Conidia of
' Penicillium chrysogenum
on the Larval Surface.
(6" days) 1500x.







CHAPTER IV

DISCUSSION

“Since mutants of‘Beauveria bassiana cannot be diétinguished by o
cqnidial morphology, it is assumed that no external structural feaﬁure
is responsible for the variation in pathogenicity. Triton X-100 ﬁay
rcmer some compounds from the outer wall of conidia resulting in in-
creased ornamentation, but this does not seem to affect the behavior of

~conidia on the larval surface.

The consistent aggregation of conidia near setae‘and nodules makes
one tgnd to consider a possible chemical interéction.ﬁetween conidia
and cuticle; The thicker cuticle of these regions could differ from.

N the rest of the integument in composition or deposiﬁidn'rate and conse-
quently be more conducive toward conidial attachmenﬁ. Qf course,‘£he
mere protruaing nature of these structures may be the sole reason for
increaéed aggregation 6f conidia in this area. This could easily be the
case since conidia adhere to all regions of the cuticle when the iﬁfec-
tion‘inoculum is large.

Certain strains, such as mutant 3, could have difficulty in adher-
ihg io the larval surface. However, ﬁhis does noﬁ seem to be due to é
morphological diffgrgnce and surely does nop_affect the pathogenicity
of thié ﬁutaﬁ?. : | |

The preéence of germihation on all are;s of the integumént Qegétes‘

any possible diversity in the concentration of germination activators
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or inhibitors present on the cuticle. The lack of germination by

Aspergillus and Penicillium may be due to inhibitors or lack of nu-

trients.

Following germination of conidia from all mutants of B. bassiana,
three different sitqatibns have been observed: 1) immediate penétra-
tion, 2) errant gfowth qf hyphae without‘penetration, and 3) a limited
amount of”hyphal‘gfowth with eventual penetration. The most highly
rated pathdgeﬁs, éuch as mutant El, display immedi;te penetration,
whereas low pathogenic mutants exhibit the two latter types of acﬁivify;'
Intermediate pathogenic mutants, like R1l, may exhiﬁit all three typés
of activity.

Holes in the cuticle at the point of penetr?tion are usually ob¥
served aﬁd must result from enéyﬁatic dissolution of the cuticle. These
holes could not be due to wrinkling during déhyd?étion since artifacfs
of that sort have an angular geométry. " In all probability, wrinkiing:
of the quticle could not occur with the precise and uniform curvature
.of the observed ﬁoles, Also, shrinkage;dﬁringAcriticalfpointvdrying
could not be responsible for the holes since the diaméter 9f hyphge‘oﬁ_
served using SEM (1.5 pm) is in éccordahce with previopél& reported
measurements using light microscopy (McLeod, 1954). |

Since penétrétion by the highly pathogenic mutants occurs very
soon after germination, the enzymes utilized (chitinases, lipases, ﬁro-
téases, and/or waxases) must be produced by the fungus during géfmina-

/ tion or soon thereafter. Poorer pathogens may requiré more growthvbe—
~ fore prbduétion of fhese enzymes can‘ﬁe initia;ed.
It is interesting to note that penetratiqn'ddes not occurvoniy at

the intersegmental regions as might be»anticipated because of the
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flexible, nonsclerotinou5vcuticie inbthese areas. Instead, penetration
" frequently occurs at the base Qf nodules. Therefore, enzymes capable
of degrading hardeﬁed &uticle must be produced by the fungus.:

The errant growth displayed by mutants withllow infectivity is

similar to that described for Metarrhizium anisopliae (zacharuk, 1970a;

Scﬁabel, 1978). Liptie; if any, penetration by tﬁé very poorApathoggns
is observed. ' When it-does'occur, it is ﬁith the formation of holes.”

The reason for guch differences between mutants is unclear. It
has been found that all the mutants produce enzymes,capablé of cuticular
degradation (Grula et al., 1978). ‘Therefore, lack of pénetration‘cannot
be due to lack of enzymes. The time of enzyme productibn may be im--
portant as stated above and will have to be stud%ed. Even if this is
true, some other factor(s)'may‘also be involved. One possibility is a
hyphal tip receptor which direéts growth toward fhe cuticle. If the
fungus must identify certain sites on the larval surface, it is pos-
sible'that.ghe better pathogens are able to recognize é variety of
. sites while pbor péthbgens are limited to a few; hence, the poor patho-
" gens may need to undefgb extensive growth‘before encoUntefing a site.

An§ther possibility is that the hyphai tip is able to direct a
high'éoncentration of enzymes toward the'cuticlé. It may be necéssafy
for the tip to have a semi-attachment to the cuticle befqre enzymes
" liberated there can act on the cuticle. This "focusing'" mechanism may
be highly regulated and more efficient in the better pathogens.

Erraﬁt growth was more noticeable for all mutants when high con-
centrations -of conidia were used for infections. This could be in—
dicative of a self—imposed inhibitory effect similar to that found for

-germination. Conidia produce germination inhibitors which prevent
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germination of\gome‘conidin‘in lafge clusters. A penetration in-
hibitor may also'be,érodpced so that ali germinating conidia in a
cluster will not benetrate. The physical nature of a cluster of coni-
dia could also interfere ﬁith the fuhctién of a hyphal-tip receptor.

1t is péssible ﬁhat'infection can result from invasion tﬁrough:

the respiratory system. As far as is known, any enzymes necessary for

‘penetration of this system would be similar to those needed for penetra-

tion of the integumeﬁc. A fatal blockage of the trachgae could result a
if extensive grthQ, without penetration, occurred. |

rSince the larval diet contained no aﬁtifungal agents, dislodgéd
éqnidiafcéuld remain viab[e for some time. These conidia could then be:
iﬁgested and invade via the a]iment;ry tract. HPWQver, no evidenqé for’
this type of infection process}waé 6bserVéd in this study;._g. bassiané
. conidia are not visible within the éuﬁ and the gﬁt‘fiséuevremains intact
_even after death aﬁd mummi fication Have bccu;red;.'ln addition, it has
) been_qbserved in this labgratory that germina;ion and’grbwth'of ﬁhe
fungus aré.ektremely’boor at the high pH (near pH 9) existing in the
m-idgu't. | o | |

Tﬁe exact cause of dééth is undetermineda ‘Apﬁafen£1y, soluble
"compopenfs of the hemolymphrsupbly sufficient nutrients for gréwgh'and
extensive multiplication of thé fungﬁs. Degradative enzymes of the
‘fungus (lipasés'analproteases) aré'proﬁébly helpful and aid grbwth by
‘ solubiliéing_tiséues sUch=qs the fat body. bue to the7ex§énsive groﬁth
' of the'fﬁngqs, death of the lérvae could easily result from ekhaﬂstiéﬁA,
of ﬁutrieqts in gheAHeﬁolymph; ‘Howéver,:it has been found:in this
Iéborafofy that;minimal dééradatibn of heﬁolympﬁlbroteins"occuts dﬁfihg‘ 

ihféction using highly proteolytic mutants. Ancillary'physiological
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changes, such as alterations in pH and dehydration, are most likely in-
volved. Soluble toxins could also aid the infection by immobilizing
the larvae or certain of their life systems; however, no evidence for

this has been established (Chaﬁplin and Grula, 1979).
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APPENDIX A

RANKING OF BEAUVERIA BASSIANA MUTANTS

~ ACCORDING TO PATHOGENICITY

Selected mutants of B. bassiana were given the following ranking
(Cheung and Grula, unpublished data) based upon probit analysis (150~
. 200 1arvae/test) of the number of dead'lérvae foﬁr days.éfter infeétion.
. At this time at least 95% of those larvae which woul& die>of.the initial

infection'have been killed;

TABLE 1

PATHOGENICITY OF MUTANTS

MUTANT LDsq LG50
' spores/larva ~ spores/ml
El- . : 15 ‘ 6.31 x 102
3 - 30  l7sx1o;
7 35-40 . _ ' 6.31 x 105
16 | © 37-40 . 6.61 x 10,
23 | . ~ 70-80 _ 5.01 x 10,
1 ' 75-80 o . 6.31 x 105
R1 ‘ ' - 105 3.47 x 10
10 ‘ - 150-160 2.63 x 106
20 . ' 300 ' 1.32 x 106
14 : .- 320 ' 8.90 x 107

x 10

9 - | - * 500 | 1
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APPENDIX B

DEHYDRATION AND EMBEDDiNG PROCEDURE

Samples were dehydrate& in stock solutions of tertiary butyl

alcohol and ethanol in proportions outlined in Table II.

TABLE 11

STOCK SOLUTIONS OF DEHYDRATION ?ERIES

Tertiary

_SolUtion Water Ethanol Butanol
A 15 50 : 35
B 5 40 55
C 0 20 75
D 0 0 100

Samples washed in. 707 ethanol were dehydrated and eﬁbe&ded in

paraffin
Sy
(2)
(3)
(4)
(5)

by immersion. in the following sequence of sqlu;iqnsé

Solution A for 70 minutes

Solution B for 70 minutes

Solution C for 70 minutes
Solution D for 70 minutes

Solution D overnight
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(6)
(7)
(8)

(9)

(10)

(11)

65

Solution D for 70 minutes in a vacuum

Solution D with a few paraffin chips overnight (stoppered)

‘Addition of paraffin to solution in step (7). Increase

temperature to 40°C for 24 hours (unstoppered) .
Addition of more paraffin and further increase in temperature

at 58-60°C for 2-4 hours (unstoppered).

Pour off remaining alcohol and add more paraffin. Keep =~~~ = :

temperature  at 58-60°C for 1 hour-(unstoppered);‘.Repeat
until no alcohol is present.

Embed in melted paraffin.



APPENDIX G
MODIFICATION OF HAMM'S STAIN

This stain is a modification of Hamm's stain (Hamm, 1966) for
detection-of virus inclusion bodies. The solutions used are as fol-.
lows:

Solﬁtion A -

distilled water : . : 100 ml
phosphotungstic acid - 1.0.g
aniline blue (aqueous) : 0.l g

- Orange G 0.5 g
fast green FCF 0.2 g

Solution B - ‘ ‘ . ,

distilled water 100. ml
alizarine red S ‘ ' 0.1l g
glacial acetic acid : - 2 ml

Séétions mounted on glass siidés were stained with thg;fqliowing
sequenée of sdlutions:. |
(1) 2 changes of'xylene for 5 minutes each
- (2) 1007% ethanol for 5 minutes
(3). 95% ethanol for 5 minutes
(4) 70% ethanol for.5 minutes
(5) 50% ethanol for 5 ﬁinuces
(65 - Water for 5 ﬁinufes
. (7)  50% acetic acid for 5 minutes
(8) Water for 2 minu§e5 
(9) Solﬁtion Akfdf 15 minutes

(10). Water for 5 seconds
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an
(12)
(13)
(14)
(15)
(16)
(17)

507 othanol for 30 scconds
Water for 5 seconds
Solution B for 15 minutes

50% ethanol for 10 seconds

2 changes of 1007 ethanol for 30 seconds each o

2 changéé of xylene for 5 minutes each

Mount coverslips with Eukit
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APPENDIX D

LACTOPHENOL COTTON BLUE AND HEMALUM STAIN

Lactophenol cotton blue aids in detection of fungi in sections of
larvae stained with Mayer's hemalum (Grimstone and Skae, 1976). Stain-
- ing solutions are as follows:

vLactophenol cotton blue -

lactic acid 20 g
phenol crystals 20 g
glycerin 40 g
-water 20 ml
cotton blue ’ OTOS g

Mayer's hemalum Solution A -

hematoxylin 1.0 g
sodium iodate 0.2 g
potassium alum 50 g
water 1000 ml

Shake until blue-violet, then add '
chloral hydrate 50 g
citric acid : _ 1.0 g

Shake until redéviolet

Mayer's hemalum Solution B —
Eosin Y saturated in 90% ethanol

Sections mounted on glass slides were stained with the foilowing
sequence of solutions:
(1) 2 changes of xylene for 5 m1nutes.each
(2) iOOi ethanol for 5 minutes
(3) 95%4 ethanol for 5 minutes
. (4) 70% ethanol for 5 minutes
(5) 50% ethanol fof 5 minutes

(6) Water for 5 minutes
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(7
(8)

9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

S (17)
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Lactophenol cotton blue for 5 minutes
Water for a few minutes

Solution A for 2 minutes

Wash with water until blue (about 10 minutes) 

50% ethanol for 5 minutes
70% éthanol for 5 minutes
90% ethanol for 5 minutes

Solution B for 5 minutes

100% ethanol for 5 minutes

2 changes of xylene for 5 minutes each

Mount coverslips with Eukit
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