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ABSTRACT
Biochemical Ipvastigations of the Host-Parasite Relatvionship

of Mosquitoes and the Parasite Fungus, Lagenidiuw giganteum

The study of the utilization of sterols by the fungus Lagenidium gigantcum

has been continued and expanded. Tae organism uses a wide range of natural sterols
and synthetic sterols, ! ich induce zoospore formation. The antibiotics

nystatin and amphotericin aave been shown to repress zooapore production.

The study of sterol utilization znd metabolism has been initiated, and work

on general fungal physiology has been coatinued, It has been noted that lipoidal
substances seem to be reguired for utilizatien of zmwoniun ion. The fungus
protease has also been further isolated and purifisd and it seems *o kelong

to the serine, alkaline trypsin class.

Mosquiro proteases have been further analyzed fxrcm Culex pipiens and

P

Acdes epactuis. On the basis of further examinztion ard study, it appears

that a new trypsin like z2lkalophilic enzyme is preseni. A new, more reliable

purificaticn procedure has been developed,
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Annual Report to
T.S. Arvwy Medical Research
and Development Command

for period July 1, 1975 to July 1, 1978

Army Contract ¥ DADA 17-77-C-2168%
UNC Grant # 1-0-107-3234-5C014

yitle: Biocherical investigations of the host-parzsite relationship of
mosguitos and the parasite Fungus, lLegenidium gigantonm.

Dear Sixs:

The discovery that phytsstercls sre necessary for zoospore preduction

-of the fungal mosquito parasite has stimulated and exranded our rusearch

area. The implicaticns in this reseazch are many, oxtinding fron enzvie
study to worphogencesis apd cancer. At this tize ve have been concentrating

=%z

on acquiring more information on the spplication and utilication of these

sterols in zcospore production as is shown in cur anmuzl report.

1. Phytosterols and zcospore produriion

a. Natural sterols

The identification of the phytostercls as the principal (and only)

requirement for the production c¢f zoospeves in the fungus Luajenidium

iganteum faciliiated our work. Ve found, that te z large extent, nearly
B2 Joni < Aviflvidhmitiafht b & P

al

Cha
1)
»

sterels an

o

terols derivebtives vere utitizable by tle fungus. Taekle 1,
virich vas excerpted from & paper suboitted lor publicatior gummarizes the
data in a copcise zanner. Fowever, in order *n aveid disputation concerning
the complexity of the PYC rnedjun, we ran tvo repeal sets using 2 dsfiped

medivg (Gleasons) and the resulis of these espevisants are listed in Tatlc 2.




Furtl.ermore, GLC analysis of PYG media showed no sterols presént, but only

when-stercls were added. The dsts is totaliy convinéing, and there is no
doubt that this fungus must have stersis of some ind in-order to produce

-ZOOSpoOres.

b. Synthetlc stersls

A number of syuihetic sterols have been tested as shown in Trble 3,
plus a sitosteryl glucoside. From this duta it can be seen that the organ-
4sm utilize cholesteryl and sitosteryl phcsphates, and can use steryl
glucosides as vell. The lag period would irdicate the hydrolysis of the
latter substance and jts transformation from sitosterol to x, an unknown
compound. The nature of the transformations will be veported on in a later

-section.

c. Effec: of antibiotics

During our study we showed that nystatin and amphotericia inhibited
zoospore producrtion as shown by Table 4. "endrix {(personmal co munication)
feels that the quantities are rather high, but Fowlkes et 21 have used

these concintrations, and obtained s.utisfactory results.

4. Sterol metabol : in the fungus

We are now alile to observe zoospore production of the fungus growm
on solid medium., During our zovospore study we noted that sugars such as
glucese, fructose, sucrose, maltcse or trehalose at conceatrations of
less than 0.1M induced sporangia and zoospores ard these were readily
ajscernible by low power microscopic scanning. Zoosperes were {ortiiconing
only on sterol supplemeated media since PYG grown lLzgenidiiz only pro-

duced thc sporanfia extensicns, and this indicztes, inferrentially that the

sterol is primarily involwved with the zoospo.r,

o
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In several -ipvestigaticns we have erdeavored to trace the metabolisa

cf the applied sterol, but we have had no success in detecting any meta-

bolites stermning ifbm the substrate. The big problem is that the fungus
needs very ‘dttle sterol to affect jts transformation to zuospore induction,
There is #lso a problem in timing, that is to say that the fungus must

é be actively vrodcuing zoospores before any transformation of sterol sub-
strate occurs, Using a halophilic Lagenidium sp. whish is parasitic oa

Pacneid shrimp, we have detected several unknown substances tbat appear

R

to be of a steroidal natur:. By parallel analogy we hope to find these

i
i

substances in Lagenidium giganteum, The use of tracers is also indicated

in these studies which are being vigorously pushed.
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Effect of various treatments and lipid supplements. ;
on zoospure production of L. giganteum as measured by E

bioassay.

TABLE 1

Nature of medium

s
hsa
IWHS — lipia depleted

WHS 4 'S oil
rezonsvituted

jmethyloleats
tristearin
‘squalene
phytol

‘soy oil

peanut oil
1S oil

PYG control

2 Iafection

Day l’ Day 2 Lay 3
30 90 nc
6 82 nc
0 0 5
25 80 nc
0 0 0
0 ; 0 0
0 0 2
u 0 10
50 80 nc
0 37 ’ €2
- 0 62 37
b 0 0

0.1 ni of methyloleate, tristearinr, and oils were added
to the hot PYG agar rmedium. Phyrol and squalene were

added at 0.03% levels.
as described and contained 1 mg protein/ml. Test

LA 41

#ilS, WSh :xtracts werc prepars

organism was Aedes epactius. ne - pet counted.
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TABLE 2

Effect of various sterols on zoosygore production by
L. picenteum as waasured by bioassay.

:.Xature of Medium £ of Trials z(é“ég;riggiggygp .
Sterols fros YHS 3 50-86

Sterol depleted wHS oil 3 0

Sterols from WSE oil 4 28~88

Sterol depleted soy oil 2 0

Lanosterol 1 30 :

Cuolesterol 10 40-78
Dez.aosterol 1 45
Canlestadienc 1 25

Ergosterol 4 52-87

Campesterol € 72-90
Sitosterol 6 70-90
Stigmastcrol 3 5-10

Caupesterol:stigmasterol
1:1

™~
N
W
!
wr
w

Stigmastercl:sitosterol 2 0

Sitosterol:campesterol:
stigmasterol
3:1:1

[+
W
&
1
w
[2-]

0.1Z sterol depleted oils were added te PYC agar. Digitsrip precipitated
sterols were dizscived in cither C§333 or Medi Lo give approvdsately 30 g
sterol/el pedia. All acthentis sterols werce added iU the ievel of 32 .8/
al PYG pediz. Tast larvae werc acdes sp.
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TASLE 3

The effect of sterols on zoospore production on

L. giganteum grown on defined medium.

Nature of sterol

% Isfection

supplenent 3rd day
none O
sitosterol 22
campesterol 32
sitosterol:campesterol:

stigmasterol

3:1:1 45

soy oil sterols 28
soy oil 36 '

futhentic stevols and oils added as indicated
in the text. Test species Cylex.
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TABLE 4

The effcect of amphotericin and
nystatin on zoospore production as
weasured by infection against Culex sp.

7% Infection

Antibiotic and Amount 3rd day

0 85
109 mp/ml smpbotericin 68
200 ™ " 44
306 " " 22
100 og/ml Ryszavin 38
2 " " 24

300 1 1] 1" u

T ] Lo

L
T

R TEAIE TN Mo

i ek

i

'

e ey

o e o

oo




Eos - oty e | e e e ) e
S e T A - STE o TSt eI T T i

12

TABLE 5

=

The effect of sterols on zoospere production by
L. giganteun measured by bioassay on Culex sp.

Z Infection

00000 R A ISR R

Nature of sterol supplement f of trials 3rd day
cholestan 33-o0l 2 14.2, 38
cholesteryl disodium phosphate 2 29, 83
cholesteryl dihydrogen

pliosphate 2 16.2, 28
cholestan 35, 6a diol 1 4.5
sitosteryl glucoside 3 35, 65, 68
sitosteryl triol 1 ' 73

sitosteryl dihydrogen
phosphate 1 55

sitosteryl triol difcrmate 1 70

Substances were added as described previously in text.
Sce also Table 2.
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A, Amontum sulifdte wtilization

2

Mr. M. Moosa, .an honors biology student, has been :studying :the problem
©of ammonium Jon uwtilization. ‘This dhas turned out to be -a xather wtricky
.one, :since often enough we get no :growih on amonium sulfate .even after
28 days, although it has .grown in @ time ;per:iioé as short .as ten days. This
problem is of some importance because the -organism -cau :survive in -open
waters provided it ‘has .enough catalytic material., MWe are .uncentain.at this
time of ithe mature of"factor X" the "catalytic material" but we are
proceeding with .a mumber .of .substances. 0f iuterest s the fact that
Yyeast extract helps this :growth and it may be xrelated 'to a vitamin.

More receni sstudies demonstrate thal -0il is extremely thelpful for mitrogen

assimilati.on.

b. Fungal .exoceliular -protease

Mr. D. Dean thas isolaled the .enzyme by disc gel -electrophoresis anid
:shovm it to be c complex .of seven .different proteins. Only cone ‘ban8d shows
enzymic ;activity which is very '».hel;;!}ul for its further isolation .and identi~-
fdcation., Further work thas .shown .that :the artificizl substance TAME,

(Tosyl L-arginine methyl ester) is hydroluzed by the cnzyme and in addition
the enzyme is irnhibited by :soy 'bean ‘trypsin inhibitor. In TFact &ll the
details, ;properties and charu teristic. of this enzyme show thal this

1 L)

enzyme can .alsu be classed as a "trypsin-iike'" substance. Work is proceeding

¢ this subject with the dntention of characterization and determination

of dits structure,
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Mosquiito iproteases

A

a*

A mew purification procedure has been -evolved vhich gives a far better
yield of proteases, .and thigher specific activity. The procedure is .applicdble

to Aeues epactius or Gulex pipiens rrith egudl ease, .and the assay procedure

invelves ase -of Azocoll, and an inscluble dye sibich is solubilized by he
€unzyme ¢0 a xed -color measured at 520 mm. Asumt Is {i&fined .as that
quantity of enzyme wviich gives a .change -of 0.1 =zt 520 =m in 30", at i3(i°;;
sspecd fHc activity ds aunils/mg protein. Typical fractionation is shown in

Tdble 5 for Aedes ‘sp.
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patterns in both Culex pipiens and .

b. Nature .of the protease

‘The puritied preparation from.above is .extraordinarily potent at :pH
1105, which is its -optimum activity, and at this pH there is absolutely
mo tclassical chymotrypsin or trypsin activity (see Yang and Davies). Both
.of these .enzymes ‘had been demonstrated previously by ws and thelr activity
was found to be restricted between jpH range .of 6.8 1o £.0 It :iturns -out
mow that this is a mew enzyme(s)., athich has previously been unreported. The
enzyme is very stable, -since it has bewun kept jn water solutions for several
months at —7°. Its temperature .of -denaturatdon is 60° without :substrate,

. 0 e 4 P .
:and :ca 90" in the presence -of substrate. Both Aedes and Culex spp. have

b

ibeen :shown :to :possess £his -enzyme.

«c. Effect .of dnhibitorns

‘The information supplied here in is .applicable to .enzyme from -either
:species and a pl of 11.:05 was wscll throuvghour (see Tdble -6).

At this time, the .data indicates :that this is a trypsin 1like .enzyne
which does not | wirolyze TAME, .an arginine .derivative. Tm;ﬁhermote the
properties :of ithis -enzvime .are very similar to the thornet midgul protease
frepo;‘ated by Hagenmaier in that the epsyme is strongly .alkaline and is
inhibited by tyypsiu inhibitors. ITable 7 sshows the substrates which are

‘hydroloyzed by this .enzyme.

d., Development in growing mosguito populations

Both chymotrypsin and trypsin activitier were followed in the develop-

ing Aedes larvae from first instar to pupation. Both enzymes attain a high

level/larvae at late third instar to middle fourth instar and then drop

to :a non-measurable level. The alkaline trypsin like .enzvme shous identical

ede

L3
p-23

epactius, There is no evidence as

Rt

whw

i i A K L O i

o




¢t
i

A
i %

i

yet that the fungal enzyme is invoelved in infection to ary degree. Imn fact,

in the infected larvae of Aedes and Culex, che "crypsin-like" protease stays
very high and is not significantly .diffcrent irom controls. The fungal
enzyme has an 8.5 pH optimum and shows no activiiy at pH 11.05; we are thus
forced to conclude that it has no role in the post-infection pathology.
That it may be involved in initiztion of infection by zoospore peznetratioan

through the cuticle is yel to be demuvnstrated.
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Table 6.

larvae.

17

Inhibitors of the alkaline protease of Culex sp. and Aedes sp.

Substance Z Tuhibition

0 0z

EDTA - (0.001M) 58

EDTa -~ (0.005H) 81

cysteine HCL - (0.001) 0

" "= (0.01M) 20

Phenylmethane sulfonyl 44
fluoride (9.001)

Soy bean trypsin inhibitor 100
(Img/n:1)

tosyl- L-¢-clanyl chloromethane 0

(TPCH — 0.0013)
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Table 7. Substrates of the alkaline protease of Culix sp. and Aedes sp.

larvan.

Substance

Azocoll

Casein

Hemoglubin
Benzoyl le~arginyl

p-nitroamiide

i
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lbosquito sterols

We have initiated investigations into the nature of the steroids
present in third and fourth instar wmosquito larvae. This work has never
be;n done to the best of cur knowledge and is of critical importasce
from the standpoint of infection. At this time we have detected two unknown
stersids and a sterel which is similar to cholesterol but not the same
substance. Alsou, we have detected no difference in steroidal character

in infected vs. uvninfected larvae.

L e L e LA b A A SRS

T




References

.

Fowlkes, E. R., Leben, C. and Snell, J. F. Phytopathol. 57, 246(1%67).
Gleasen, T.H. *m. J. Botany 55, 1003(1968).

Hagenmaier, H. E. J. Insect Physiol. 17, 1995(1971).

Yang, Y. J. and Davies, D. M. J. Inse.i Physiol 17, 117(1971).

Yang, Y. J. and Davies, D. M. J. Insect Physiol 18, 747(1972).

I

T

o e et

b

W g S s 18 gy

e

o W S




