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—?“ Female ixodid-tz ks employ thelr sa11vary glands as e

osmo- and volume re tory organs. Aw the female 1mb1besh".

blood she secretes a coplous volume of dllute flpld backh_.
1nto the host via the sallvary glands. After 7 14 days'of-.""v
feedlng (dependlng on the species), the engorged t1ck drops

| off the host Durlng the next few days, the sal1vary glands:-

degenerate and v1tellogene51s is 1n1t1ated l;)*

The course of sallvary gland degeneratr\h was studled

u 1n the 1xod1d o1ck Amblyomma amerlcanum L.. Sallvary glands ‘

of thkS welghlng >60 mg lost v1rtually all the1r secretory
competence by 4 days post removaf from the host. ?hands fromL o
| Fmaller females (20 60 mg) remalned competent at 4 and 7 -

days post removal (although the rate of transport was

'_ approx 50% less than on’ day 0) ThlS loss in. fluxd

el

Iy secret1on was not due to autoly51s however, because if- the -

| t1cks wete allowed to feed aga1n for 2 3 days, thelr glands
k regalned full competency \ . ‘ l B |
| Sal1vary glands taken from 1arge partlally fed t\bks -,,
(66 120 mg) and cultured for 4 days, secrete 64% of the rate

of glands tested on day 0 post removal Hence, cultured‘*"
glands of large partlally fed thkS secrete as:well as |

non- cultured g}ands from day 4 small partlally fed t1cks. n
the presence of several ecdyster01ds (1 ug/ml), however,)the P

't

cultu ed sallvary glands showed true sréhs of degeneratlon..tvf

iv
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I.mGeneral,IntrOductionffl.

T;cks of the famfly Ixodldaﬁjemploy the1r sal1vary

glands for numerous funct1ons- In most spec1es, the glands

.‘\secrete a cementv thus preventlng dlslodgement by ‘the. host'

(Moorhouse, 1969). The sallvary glands also secrete a -
hygroscoplc substance as part of a water vapour uptake

,mechanlsm when the t1ck has been dehydrated (Knulle &

' DeV1ne, 1972), and ant1 coagulants to prevent clogglng of

. the food ci?

‘nnel (Hellman & Hawk1ns,_1967) The sallvary

glands are also the pr1nc1pal organs of OSmoregulat1on in

'.the female (though probably not the male) durlng the blood

;meal It is also v1a sal1va that most of the pathogens

;'transmltted by 1xod1d thkS ga1n access to‘the host. Becaus

3acarologlsts. c o

f “of these and other_functlons (see_Sauer, 1977) salivary

glands of:ticfsvhaveuattﬁacted3much attention among

The sallvary glands bf female ixodid t1cks are COmpo St

X

of three types of ac1n1. ‘The type 1 ac1n1 are found in the

- anterlor portlon of the gland and drain thelr secretlon

E d1rectly 1nto the ma1n sallvary duct. The type I ac1nus

, probably secretes the hygroscoplc substance (ment1oned

«1above) wh1ch allows the unfed tlck to galn water from the

N _a1r (McMullen et al 1976 Needham & Coons, 1984) Type II

ac1n1 are found ma.hly at the prox1mal parts of the

secondary ducts (branches of the ma1n sallvary duct) and m



| contrxbute to cement productlon and flUId secret1on (Fawcett
f“et al., 1986) Type III ac1n1 are located on thErdIStal
':port1ons of the lobular ducts (branches of the secondary
nducts) and, as well as secretlng cement, are the major acinl"
‘ ;1nvolved 1n osmo- and volume regulatlon durlng feedlng .

' (Meredlth & Kaufman, 1973; Fawcett et al. '1981)

“‘Ixodld t1cks usually take 7- 14‘days to feed to

'replet1 n. Feedlng can be d1v1d§d into two phases. a slow
phase ast1ng most of the feed ng perlod, and " a rapld phase

'whlch occurs dur1ng the last 12- 24 hours (Snow,11969)

Dwring ‘the slow phase, Amb]yomma hebraeum Koch females
11ncrease in we1ght from 30 mg (unfed) to approxlmatelyi'
300 400 mg To prevent excess dllutlon of its own bédyh-
flu1ds, the t1ck must dlspose of a- large volume of flu1d
from ‘the ‘blood meal Fluid excretlon h;dlxodld t1cks is not
3accompllshed by ‘the Malplgh1an tubules as in other
_haematOphagous arthropods. It is 1nstead carrled out by the R
sallvary glands (Gregson, 1967- Tatchell 1967; Kaufman &
'Ph1111ps, 1973), Kaufman (1976) demonstrated that, at the
'onset ot feedlng, the sal1vary glands are 1ncapable of »
»excret1ng the large’ volumes of sallva nefded ‘for
«hosmoregulat1on..However, radlcal cytologlcal chanqé& occur

R
:1n the cells of the type III ac1nus durlng the feedlng ;

‘perxod (Megaw & Beadle,-1979) Most notably, the f- cell and
ablumenal 1nterst1t1a1 cell show a marked 1ncrease in the
| number of cell processes wh1ch_form a labyrinth of

" interdigitating cell membrane (Fawcettfet al., 1981). These

..



ne e
" changes enhance'the fluid 'secretory ability of the salivary:

"l-;,gland

. degenerat1on factor (TSGDF, Harris & K

When the t1ck flnlshes feedlng, the sallvary glands'

i
vacuoles appear in certaln cells of the type III ac1n1-

.

(Harrls & Kauman, 1981). Sa11vary gland autolys1s is

r'begln to degenerate (Tlll,,1961) At th1s tlme,'autophaglc

. ,trlggered by a-haemolymph borne f 'tlck sa11vary gland
.‘fman,'1981- 1984)
Harris & Kaufman (1985) 1nduced sallvary gland degeneration .
in vttro by exposrng glands of female A. hebraeum to the
_arthropod moultlng hormones,.ecdysone (E) and |
;120 hydroxyecdysone (20 OHE) Slm1lar results were obtalned
when - 1ntact females were 1nfused w1th 20- OHE for 24 h
’V-n Follow1ng drop off from the host, - a number of
s1gn1f1cant events occur: a). ecdyster01d 1evels 1n
haemolymph and other tlssues 1ncrease markedly pr1or to .
ov1p051t1on (Connat et al. 1985) b) sallvary gland
'degeneratlon occurs w1th1n 3- 4 days post engorgement° c)
v1tellogenes1s occurs w1th1n 4 10 days post engorgement-'and
d). resorptlon of the endocutlcle occurs throughout th1s
'perlod (Lees;°1952) Because the above work has suggested an -
“1mportant role er ecdyster01ds in: the female t1ck o
’post engorgement, I w1shed to exam1ne further the actlon of
' ecdyster01ds on sal1vary gland degeneratzon and |

_‘v1tellogene51s. ThlS the51s will explore ecdystero1d

.1nvolvement in these two events. :
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II.,Salzvary Gland Development and Degenerat1on in.

. ————
EA -

A amenrcanum
’A},Introducgionr

Degenerat1on of the sal1vary glands of thkS was flrst
l'_'recorded by V;tzhum (1944 quoted by T111 (1961) Tlll‘ ‘
(1961) descrlbedlthe appearance of phagocytlc cells amongst N
‘_the degeneratlng acini of the s y glands of female
-‘»Rrpicephalus appendrculatus NeUmann, w1th1n a few days
.vpost engorgement Degeneratlon of the sallvary glands has
’lalso been observed :in A. hebraeum (Harrls & Kaufman, 1981° ';
VConnat et a7.,_1985) 'ab”. T :”;‘ | N
' B In order to test whether sal1vary gland degeneratlon 1s
‘ 'controlled by a hormone, Harrls & Kaufman (1981) 1mplanted
‘“sallvary glands from partlally fed A hebraeum 1nto the’
haemoooel of engorged females TwO days later, the type. IIIl
»ac1n1 of these sal1vary glands possessed autophaglc vacuolesl

LRl

;conta1n1ng cell debrls of varlous organelles Slmllar
=y
sallvary glands transplanted to the haemocdel rof small

partlally fed thkS d1d not have thlS ultrastructural

feature characterxstlc of autoly51s. These results 1nd1cate

‘\%hat a hormone (" tick sal1vary gland degenerat1on factor"

TSGDF) tr1ggers degeneratlon of the sa11vary glands of

engorged females. .’ v

3



°Recent‘ev1dence has suggested that TSGDF 1s ‘an
f ecdystero1d (Harrls & Kaufman, 1985), a class of ster01ds

_related to the arthropod moultlng_hormone,.ecdysone (E). Forf

' r';example, haemolymph t1tres of ecdyster01d 1ncrease about 50

}‘fold in female A hebraeum w1th1n 10 days post engorgement
h(Connat et al., 1985) Moreover, Harrls & Kaufman (1985)
~demonstrated that exogenous 20-OHE 1nfused over 24 h 1nto
partlally fed t1cks, trlggers a dose dependant degeneratlon'
~of the sal1vary glahds. ] ]
’ I wanted to conduct studles of structure act1v1ty
relat1owsh1ps of ecdyster01ds and’vertebrate ster01ds on E,“

9

sallyary glands in organ culture 1n order to probe the .

. fspec1f1c1ty of the ecdysten01d receptor._Unfortunately, L

.:ihowever, the A hebPaeum colony d1ed and 1 was forced to
fturn to another 1xod1d spec1es, A amerlcanum L.. Thus,-

'fhad to re- establlsh some of the bas1c parameters of sal1vary

gland development and degen ratlon already determlned £de |

| ;A hebraeum. These 1ncluded 1) secretory competenoe df the>

sal1vary gland throughout t e feed1ng cycle, 2) the . t1me_

"'course for sallvary gland

'egenerat1on post engorgement, and -
3) the crltlcal welght ab've whlch TSGDF 1s released ThlS
‘chapter w111 focus on’ the e parameters and compare them to ﬂ"
»characterlstlcs of salxv ry gland degenerat1on in

- A. _heblf'aeum.



B:_MatérialsAand,ﬁethods*f .

- 1) Feed1ng 'bb ) l ; :':‘fi - 'Ffle - o
A__.-::f"_\'\\'hcks were »confmed to rabblts as descr1bed by Kaufman

| & Ph1ll‘ps\\\973) Br1efly, a foam rubber corral topped WIth’fg{
-cotton cloth was\glued u51ng an ammonlacal based latex Ql '

'*:(Latex Compoundlng Co.,‘ oronto, Canada) to a shaven area on

~

‘backs of mature rabb1ts. Slnce rabbzts develop an 1mmun1ty

followlng a. 51ngle exposure to t1cks (B\wess1djaou et al‘
. 200
'1977), a g1ven rabb1t served as host for only one batch of

,'2) T1cks
A amenlcanum t1cks were reared in our own laboratory

from spec1mens generously prov1ded by Dr. J.R. Sauer,

S

o Department of Entomology, Oklahoma State Un1ver51ty. Ticks .
of all developmental stages were stored in darkness, at 26°C

1and 95% relatlve humldlty (RH)

a) Iar-vae
Larvae were fed at. least four weeks after the eggs had

' 'hatched The larvae fed to engorgement w1th1n 10 days and

;‘-usually moulted 1nto nymphs w1th1n 8 10 days.///j

L . . R
‘.

b) nymbhs . |
’ Nymphs were stored for a m1n1mum of 4 weeks after

mou1t1ng They fed to engorgement w1th1n 8 10 days and



-
F

c) adults | -
o Newly moulted adults were transferred to clean v1als.
:fand stored for at least four weeks before be1ng fed.. Because
' copulat1on is necessary for full engorgement, an equal
;;number of each sex (usually 60) vere conf1ned to the backs
. of: rabbrts for: feedlng. The females usually engorged w1th1n
1 days. :, f :g : _ | _ i

- From th1s p01nt onward tlcks welghlng 20- 60 mg wlll be

!

,referred to as fsmall partrally fed thkS" 60- 120 mg. thkS
.w1ll be - called 'large partlally fed t:::ks ; ‘and engorged
E t1cks will refer to those that welgh >300 mg'and whlch have },
spontaneously detached from the host. ' ' 4’»7 |
) ;3) Assay for Secretory Competence of Salxvary Glands
| Harrls & Kaufman (1984) demonstratAd that a-simple
-quantltatlve assay could be used -as an 1ndex for sal1vary |
“glahd degenerat1on. Each t1ck was glued (cyonacrylate./
-compound' Card1nal Industr;es) to a str1p of adhe51ve tape dl
appl1ed to the bottom of a small petr1 drsh The d1sh was -
.-flooded with a mod1f1ed Hank s balanced sallne (se\}Appendlx
for comp051t1on) The dorsum was removed us1ng a f1ne
, razorblade scalpel and the main sa11vary ducts were llgated ’
hw1th 511k thread (The silk thread (8- 0 Dav1s e Geck) wasv '
_ cut 1nto approx1mately 2-cm. lengths and then separated into

© 3 frner-strands, each of wh1ch was-used as needed) The



sal1%ary ducts were severed dlstal to the llgatures and the
:glands were transferred to fresh TC med1um 199 (G1bco~ see

" Append1x for comp051t1on) where the " glands remalned for

o approxlmately 15 min. Wet wezghts of the l1gated glands weref~~

gmeasured on a Sartorlus 2474 m1crobalance 1mmed1ately after

, gentle blottlng, the glands were then 1ncubated 1n TC - medlum“
,_199 (at room temp., 22 C) conta1n1ng 10 uM’ dopam1ne (DA

'h:51gma) Thas corc entratlon e11 ts a maxlmal rate of flu1d |

/'V

o ftransport (Kaufman, 1976) Tﬁh 1ncubatlon medlum was stlrred |

,»constantly._Followlng 1ncubat10n (10 m1n) the glands were

Lublotted and we1ghed aga1n to- determlne the net amount of

'ff_fluld uptahe The degree of flu1d secretory competence can

be used ‘as, an 1ndex of sal1vary gland degeneratlon (see

'_vHer1s & Kaufman, 1984)

. 4* Exper:ments

Experlment 1~ The sallvary glands of females welghlng .

‘A-110 200 mg vere exc1sed soon after the t1cks were removed

vfforom the host and 1ncubated 1n 10 uM DA for 5, 10 15 or.

; 20 m1n (fqg 1) The purpose was to. establlsh the perlod
Eover whlch flu1d uptake was l1near. | B

Experlment 2- I measured the secretory competence of

- sal1vary glands throughout the feedlng cycle, because 1n

other spec1es, it is known that as feedlng progresses the
A

“maxlmum secretory ‘rate 1ncreases unt11 a plateau 1s ;eached

(Kaufman, 1976 Sauer et al., 1979) Female t1cks ve ‘ghzng

-—

v20 600 mg were removed from the host and sallvary flu1d

L
. . s “
[ . . NN .
B . DU . 3 R
. . . L a ]

s
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. secret1on measured as- descrlbed‘above u51ng 10 min |

Ineubatlons (f1g 2) ' | N
f Exper1ment 3 In order to exaane the course of

sa11vary gland degeneratlon, females >400 mg (most of whlch
were engorged) were removed we1ghed and stored at 95% RH ‘

E 26 C The sal1vary glands were exc1sed from the t1cks‘on day
-0, 1 2, 3 or 4 post removal from the host ahd assayed for' .
secretory competence (flg 3).,~f?* “ .gf" S

Experf;ent 4 Sallvary glands from females welgh1ng

. >400 mg secreted almost no: flUId at 4 days post removal

| (flg. 3). In order to determ1ne ‘the cr1t1ca1 we1ght above

whlch sallvary gland degeneratlon would occur, I removed

smaller ticks (20 140 mg) from the host and measured the

‘secretory competence of the sal1vary glands after 4 .or 7 yd

| days (flg 4). _ B :
" Experlment 5 Experlment 4 showed that small partially
‘ fed thkS had a. lower f1u1d secretory rate on day 4 than on
day 0 Harrls & Kaufman (1984) showed a 51m11ar loss of - -»'.
~secretory competence 1n A. hebPaeum. ‘The: 1oss in A, hebraeum

.was not due to autoly51s because 1f allowed to feed aga;n,

the sallvary glands of these thkS almost completely
| regalned the1r secretory competence. I therefore repeate

the experrment‘of Harrrs & Kaufman (1984) using A

ameFicanum. After 4 days removal from the host,'small
‘ partlally fed females were glVen the opportun1ty to resume ot
| feedlng The t1cks fed for another couple of days and were

W

o removed and we1ghed Thelr glands vere assayed for - secretory

Fet



- competencejﬁfig;.S}.'

5) Stat1st1cs-

The results are repo‘ted as mean + S.E. M. (n);

S v .

' Statlstlcal 51gn1f1cance (analys1s of var1ance (ANOVA) and

Student s t- tests, as appropr1ate) were calculated u51ng the '
N .

MIDAS stat15t1ca1 package of the Un1ver51ty of Alberta s
-.maln computer (MTS) Statlstacal s1gn1f1cance is 1nd1cated

elther at the 0. 01<p<0 05 (%) or p<0 01 (%) level
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C. Results

: EXperimént'1 The t1me course for fluaé-uptake was

' measured for sallvary glands of large partlally fed t1cks,
_w1th1n 2 h removal from ‘the host.-Fluld transport 1ncreased

‘v1n a linear fashion for the flrst.ls minutes of 1ncubat1on o

‘(flg., 1)."on the basis of these reSults,'a'lO ‘min 1ncubat1on-

perlod was adopted for further exper1ments in order to

ensure llneaUKtransport k1net1cs A :
- - - Q

Experament 2: F1g 2 shows the secretory competence of

Sallvary glands from females dur1ng the whole - feeding‘cycle

Secretory rates rose gradually from that for small partlally

fed thkS (1 71 + 0.11 mg/gland/10 min,\n= 43) to peak in

t1cks we1gh1ng 150-180 mg (3 72 + 0 29~mg/gland/10 m1n,

"g;anS) Secretory competence of sa11vary glands from larger

ticks (>360 mg) decreased to 2.18 + 0 4 mg/gland/10 min

'(n514). Because of the difference in.secretorygab111ty of

salivarb glands'from ticks of'varying weight this factor

‘had to be taken into account in the de51gn of all subsequent

‘Hexperlments.'

e

Experlment 3 The secretory rate of sallvary glands a

~

fvrfrom engorged thkS (>400 mg) decreased markedly (p<0 01) as

Coa functlon of time post removal from the host (ﬂ1g. 3). Qy

day 4 post-removal ‘the sal1vary glands lost V1rtually all

.

the1r flu1d pecretory competence o : LT

_(2 70 % 0, 46. mg/gland/10 m{n,.n 10 vs

o

hij: ‘bv



'1984)
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- 0.03 0 01 mg/gland/10 min, n=32 on day %)
- ‘ Experlment 4: Sallvary glands of partlally fed- thkS
showed a decline- 1n flu1d uptake at days 4 and 7 »l' '
post removal (f1g. 4). Sallvary glands from small partlally
fed ticks lost approxlmately 50% of their secretory
competence by day 4 or 7. Salivary glands of large partlallyi?:‘
'fed tlcks assayed 4 days. post=- removal secreted ' B

0.12 % 0 05 mg/gland/10 min (n= 11) whereas sallvary glands

of 51m11ar day 0 ticks secreted 2. 28 + 0. 19 mg/gland/10 min,

*Only the sallvary glands of small partlally fed ticks rema1n:
g competent by days 4 and 7 (flg 4) ThlS suggests that 1n S
":'A. americanum, the cr1t1cal body welght for TSGDF release 1s‘

:-approxlmately 60 70 mg. o _! L o A'ﬂa
'u: Exper1ment 3¢ When small partially fed t1cks were left ?‘
.'off the host for 4 days and then ‘put back. on, . they )
reattached and fed to a much la?ger size. The sallvaryv
'glands of these t1c;s regalned full secretory competence
I (flg' 5). Thls indicates that the partfal loss 1n flu1d
"secret1on from glands of small partlally fed thkS (flg.‘ )
is not due to salxvary gland degeneratlon"a's1m11ar “result

e, T o
was also seen pEéﬁ;ously for A, hebraeum (Harr1s & Kaufman,

b

flg 2) Thus, it is apparent that - °



" D. Discnssionv I N o l_g,'<;i
e ' L S P a

v

As 1nd1cated 1n the general 1ntroductlon, t1cks feed 1n'f'

o 2 phases a slow phase lastlng 6~ 10 days (dependlng on the o
spec1es) durlng whlch the t1ck'1ncreases in size at a slow,
steady pace, and—a rapld phase occurrlng in the‘last
'+ 12-24 hours durlng whidh the t1ck rap1d1y enlarges to a 51ze
"approx1mately 100 ‘times its unfed- we1ght (Snow, 1969)
Female'A hebraeu each a welght of ab&~;)300 mg durlng-the
. slow phase,‘ wher‘eQ. amer'lcanum females feed to a we1ght
"of . approxlmately 20@ mg (Sauer & Essenberg, 1984)

urlng the slow phase of feed1ng, there is aﬁgradual

B Deraceﬁt ’ andersonl (Kaufman,_1976), and’ 1ndeed

: .1n another study %Sauer et al. 1979)V2F1pid'
secretofy'rate' observed by Sauer et al. (1979) were N
i;v1rtua11y 1dentr\§& to those rates whlch 1 observed |
’(200 300 n1/m1n vs. 2 3 mg/10 min, respectlvely)

' i By day 4 post- engorgement the sallvary glands of
‘replete A. amePicanum have Iost v1rtually all their
_secretory competence (£1g y3)r Slmllarly, in A. hebraeum,
vglands from largeSfemale t;cks degenerated by day 4 (Harrls p
& Kaufman,‘1984) However,\the-cr1t1¢al welght above whlch
degenerat1on occurs is only 60- 70 mg in A amerlcanum

v(f1g 4), compared to, 250 300 mg, in A. hebraeum The reason

for th1s dlfference may be asﬁfollows. unfed A. hebnaeum



welgh approxlmately 20 35 mg. Thus, sallvary gland

A

degeneratlon Seems to be 1n1t1ated when the thk 1ncreases

5~1ts welght approxlmately 10 fold Perhaps putatlve stretch

>

,receptors in the abdomen mon1tor 1ncreases 1n abdom1nal

51z€§ thus a 10- fold 1ncrease may trlgger these receptors,ugf*

onsequently tr1gger1ng TSGDF release. Unfed A amerlcanum

welgh only 3- 5 mg, therefore, one mlght expect sa11vary

2

gland degenerafron to occur at a much lower absolute welght

: 1n A amervcanum, 51nce relat1ve stretch o£ the abdomen

3 would be s1m11ar 1n both cases.»l

A

THe sal1vary glands of small A hebPaeum femaies

(200 300 mg, i. e. below the cr1t1cal we1ght) lose 75% of”ﬁ

‘ thelr secretory ab111ty on day 4 and remalnj;t th1s level at

\}east up - to day 15 post rempval (Harrls & Kaufman, 1984)

'-Thls loss of secretlon 1s not due to degeneratlon because

\a

:the glands regaln almost thelr full secretory competence 1f
'the t1cks are allowed to>recommence feedlng Also, |
5ult6astructural exam1nat1on of sal1vary glands of these 3

mtlcks conf1rmed a dearth of autophaglc vacuoles (Harr1s &

:;Kaufman, 1985) F1g 5 shoWs that my results for
"‘;A amerlcanum are 51mllar. These experlments 1nd1cate that"

che loss of f1u1d se%fetory competence alone cannot be used o

vas an. 1ndex for degeneratlon. Therefore, only a loss of
‘isecretory ablllty below the level found 1n small partlally
“: fed thkS 4 days-post removal can be attr1buted to ,j,“

'-‘degeneratwn ef the salwary gland

SRS A

Y
yot
Ll



.. In the next chapter, I examine the effect of Te.x‘QgénOl_.lS B

~ecdysteroids and vertebrate steroids on-salivary glands_ln?

_organ culture. -
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1° F1u1d uptake 1n sallvary glands of A. amerlcanum -

']t1cks (100—200 mg) day 0 post removal when exposed to |

.10 uM DA for 5,10, 15 or: 20 min. Ind1v1dua1 sallvary

'-shown. Fluid transport 1ncreased s1gn1f1cantly in-a

‘glands were 11gated we1ghed and exposed to DA at’ one of

‘the time perlods 1nd1cated Means‘i S E. M. and n are

”fllnear fashlon for 15 .min. In th1s and all other

w'vfollowed by post hoc tests,.unless otherw1se stated

“flgures, dlfferences were compared uslng a 1—way ANOVA

"
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o Flg

Effect of 10 uM ‘DA on flu1d secretory competence of_

aallvary glands from A amerlcanum throughout thei-
gfeedlng cycle. Means‘i S E. M and n are shown. Fluid

5secret10n from sal1vary glands of tlcks we1gh1ng

. 120. 1- 210 mg were 51gn1f1cantly hlgher than <120 1 mg

xtlcks (0 01<p<0 05) Fluld secretlon from sallvary

glands of 150 1-180 mg ticks was 51gn1f1cant1y greater

~ than >21o 1 mg tlcks (o 01<p<0 05)

S
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c‘_Fig;_3:jReductioh“df secretory competence of sallvary glands

:@“fffom.enéorged A. amerlcanum t1cks as’ a functlon of tlme
| 'post removal. By day 3 4, the glands secreted v1rtually ;
e f1u1d Means S E.M. and n are shown._F1u1d '3"xrdf¢tq
.secret1on decreased 51gn1f1cantly as dgys post reﬁoval ~',*f‘d.t)

ﬂ;ncreased (p<0.01), S ST _f_ﬂ’ :_.§_:V



~ Fluid transport =
. _(mg/gland/10min)
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Flg

~Sectetory ¢ompetence of salivary glands from Smallf

'.part1a11y fed ‘A, amenlcanum thkS as a functlon of t1me

- :post removal (Day ‘0 (<>) Day 4 (Zl)) Day 7 (E])

v Means S E M~ and n are shown. Flu1d secretlon from

’-sallvary glands of thkS exc1sed at day 4 and 7 was

‘51gn1f1cantly less than Day 0 (p<0 01 for day 4 and 7

tlcks welghlng <40 mg and’ >50 1 mgt 0 01<p<0 05 for _4'“
£ ‘
day 4 and 7 thkS welghlng 40 1- 50 mg) There was no

. 51gn1f1cant dlfference in flu1d secretlon between small

'part1ally fed thkS assayed on day 4 and 7 (p>0 05)

':However, flu1d secret1on at day 4 was 51gn1f1cantly less .

in >60 mg t1cks than in <60 mg t1cks (p<0 01)
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5t Restoration of'secretOry cdmpetenee'Of saliyary ‘

‘glands from small partlally fed A. americanum thkS

(20- 60 mg) whlch after 4 days post removal vere put back 3

__on the host to feed. The ticks fed for a day or so. (up

f'to 500 mg in some cases) were then removed from the

»host and thezr glands were measured for secretory

‘competence (Z&) Engorged t1cks wh1ch had fed &.,-_ ~

”'cont1nuously (1 €. not removed from host at a small

: we1ght) had thelr glands assayed at day 0 post

"-engorgement for comparlson (C)) Means *S.E.M. and n

| are sﬁphn;‘plfierencesr(Ns) were ‘compared u51ngvthe ’

‘étudent's*t?test.i

e S R e

S ——
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III. StnﬁCture-activitﬁiRelationshibs°o£ Eédysteroids andr°é~

Vertebrate Sterolds on Salzvary Gland Degenerat1on

t

-

_A;vintrodnEtion""

\gﬁ%f.ei - frt :,: N , ',‘.- SV :l 3 : o
, %ﬁ Recent ev1dencevstrong1y suggests that TSGDF is an-'r"a

{“ 'yecdyster01d Harr1s & Kaufman (1985) 1nduced sa11vary gland
ﬁegeneratlon 1n A. hebraeum after 4 days in'vitro using E or

f 20 OHE (30 300 ng/ml).iThey also sBowed that 1nfu51o of

V 20 OHE over a 24 h perlod 1nto small partlally fed t1cks
1nduces degenerat1on of the sa11vary glands. Moreover,.‘ N -
20 OHE and E are effectlve w1th1n the phy51olog1cal range,‘
as, measured by Connat et al. (1985) us1ng radlolmmunoassay

| 71; ng/ml 1n unfed and day 0 post engorgement females, to‘
600 ng/ml one ‘day pr1or to ov1p051t1on) R

In some 1nsects, ecdy ter01dg§§re also 1nvolveduln‘

‘v1tellogenes1s.AThe bést

mple 1s§3he mosquzto, |
Aedes aegypti -whlch requ1res a bloodimeal to develop a
qubatch of eggs (Fallon et al., 1974) When»unfed females are¥
dlnjected w1th 20- OHE v1ab1e eggs are produced Hagedorn
-et al. (1975) demonstrated that '20-OHE - actlvates '
'1v1tellogen1n synthesrs in the fat body of thls mosquﬁto.
Dur1ng thellogene51s there is.a r1se 1n haemolymph and:
ovarian ecdystero1d levels in thkS (Connat et al., 1985)
'However,kecdyster01ds have not yet been shown to stlmulate'

a4 Y.

'vxtellogene51s in ticks. It is p0551ble tha the ovarlan .

-

Y

§ ‘7&



[(Lagueux et al., 1981- Hagedorn, 1983) It is- belleved that

o ecdyster01ds are used for some other funct1on,.For example,‘:;z

tecdystero1ds also accumulate 1n the ovary o£ many 1nsects

ovat1an ecdyster01ds accumulate in the eggs and eventually

L juare used to enableqthe laréa to. hatch (Lagueux et al., "'r ’\fu

'ecdyster01ds and vertebrate stero1ds on’ sallvary gland -

. degeneratlon In vttPo, and 2) the effect of . ecdysteroxds

3

1979) ot

. . : -

" In thlS chapter, I address' 1) the effect of various

N

in VItPo, ‘on v1tellogene51s in the ovary R



‘B, Materials and Methods . -

-

R

B S - . Y.
o B ; . : S R "».‘

"-h.fl) Organ culture Assay el 2_;7~'2‘?a?--:~*5;,}ff‘

A I used the 'backless t1ck explant' organ culture method
'[f;'(Bell 1980) as mod1f1ed /y/garrfs/i Kaufman (1985) Female

it_tlcks were remeved’from the host washed in dlstllled water,

/ L e s—
/

‘".welghed and surface sterlllzed by submer51on for T min 1n 1%

':_id‘thlmerosol (Slgma) and then 1 min ia 70% ethanol (ETOH) The

1cks were glued ventral sxde down to the bottom of a .
fsterlle d1sposable petr1 d1sh in a horlzontal lamlnar flow :

'sterlle a1r cablnet. The t1ck was covered/w1th sterlle TC

““-1»med1um 199 (for preparatlon, see Appendlx) the dorsum was.

_lremoved and the gut was exc1sed§and dlscarded ThlS

explant‘ was rlnsed 3 t1mes and then covered w1th 5 ml vd

"*“sterlle medlum.’The t1cks were held at 95% RH 26°C"for 3 5

’ipdays and the sallvary glands tested for flu1d secretory g
“icompetence. Where appllcable, the ovary was assayed for

idegree of V1tellogene51s as descrlbed 1n chapter 4

.;2) Infu51on Exper1ment

A Harvard mlcrolltre syrlnge pump was custom fltted_

the company w1th a two t1er platform bearlng slots for 12'f

d

';syrlnges. The solutlon to be 1nfused was taken up 1n 1 ml

. 9
A



>~,‘pr1m1ng dose of the 1nfu51on medlum (2 ul/lOO mg t1ck body

'-_;welght) by means of an 'Agla m1crometer syrlnge (Wellcome

'Reagents Ltd) To mount the t1ck the needle was 1ntroduced

’-1nto the haemocoel through the camerostomal fold (the

'art1culatlon between the scutum and capltulum) All trcks

‘were 1nfused for 24 h at a rate of 5 64 t 0. 8 ul/h (n 8)

o 3) Electron M1croscopy

-

After the sallvary glands were assayed for flu1d

o secretory éompetence~ they were prepared for electron

'fh ‘mlcroscopy as descrlbed by Fawcett et al (1981) w1th some

,mod1f1cat10ns. The glands were trlmmed 1mmersed in 2 5%
: e

‘gluteraldehyde in 0 05 M cacodylate buffer,»contalnlng

0. 15 M sucroSe at 10° C, and st1rred every 5 m1n for’ 30 m1n.<

*IfThe glands were. then post flxed 1n 1% osmlum tetroxlde at

1”room temperature for 80 m1n. After flxatlon, the tlssue was.

a washed for three 5 min perlods in Mellonlg s phosphate'f

i buffer (for comp051t10n, see Appendlx) After th1s,_ h |
Tt1ssue was treated w1th two more 5 min washes 1n drstllled
fwater. The glands were stalned en bioc in 0. 5% uranyl

x acetate for 1 h, r1nsed for 5 min,in dlStllled water and

A';dehydrated in ETOH (50,70, 85 95 and 10Q%) for 10 min at each '

- lconcentrat1on. Then the glands were. g1ven three 10 min -

Uf vashes " in propylene ox1de and embedded overn1ght at room

'fxtemperature in 25% EPON ‘75% propylene oxlde. The t1ssue was

b transferred to a 50/50 EPON/propylene ox1de m1xture for 2 h '

t,before be1ng f1nally embedded in 100% EPON and 1ncubated for



”L

'_48 h‘at 60 C in a small oven. ,dfcc ri: '»"-,vn
Th1ck and thln sectuons were cut with a glass knlfe
l'"us1ng a LKB 3 m1crotome._Th1ck sectlons (O 5 um) were ;;

e stalned uithltoluldlne blue (1%) for examlnatlon under the'

111ght mlcroscope. Th1n sectlons, Wlth a s11ver/gold to gold f’

«1nterface,;were stalned us1ng saturated uranyl acetate .
'(45 60 m1n) followed by saturated lead c1trate (1—1 5 m1n)
Th1n sect1ons were v1ewed u51ng a Phllllps 201 electron
,m1¢r°59999'7' o o ' ‘
4) Exper1ments - _ e
. Exgerlment 1' To test the secretory competence of

»;_sal1vary glands ln v:tPo, backless t1ck explants were .

;prepared from female thkS we1gh1ng 20 mg. or more.. After 4 B

'days, the sallvary glands were tested for fluld secretory
‘competence (f1g 6) o | .

- Exgerlment 2} The hlghest rate of secretlon occurred 1n

~t1cks welghlng 60 120 mg (experlment T, f1g. 6). Therefore,'j

“'I used thkS in this welght range to study the effect of

fecdyster01ds and vertebrate ster01ds on Sallvary gland

- A

f‘degeneratlon and in some 1nstances, on v1tellogene51s. In
‘prellmlnary experlments, I found that 4 days 1n culture was
the best compromlse for allowlng suff1c1ent t1me for the
ster01ds to -act (a culture perlod of 3 days was too short)
l:and not 1051ng too many cultures due to. deterloratlon or'
. contam1nat1on (a 5 day culture was - somerlmes too long)

_tested the followlng ecdyster01ds (f1gs. 7 8) 20 OHE-

A
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,es, Italy) onasterone A ponasterone G murxsterone A,
‘,.& o

"fpolypodlne B, cyasterone (glfts from Dr,,K\‘Nakan1sh1,),
.'&‘v

t; Department of Chem1stry, Columbla Un1Ver51tz)° and

T2 deoxyecdysone (g1ft from Dr. D S. Horn, Dlv.vAppl Qrgan1cftjj

- Chem., CSIRO Melbourne %ustralla) The vertebrate stero1dsf

| ”used were' progesterone, testosterone,'cortlsol B estradlolt'
,(Slgma, f1gs.49 10) All compounds (1 mg/ml) vere dlssolved

'.1n 70% ETOH and d1luted in TC. 199 to work1ng concentratlon

;_-such that sal1vary glands wer! exposed to 1 ug ster01d/ml 1n:§g;

0. 07% ETOH. Control sal1vary glands were exposed to 0 07%

EREE'N

ETOH. ;;dtf'i" -”'f;gz R B

\ Experlment §: Small partzally fed A hebraeum females
(5200 mg) were set up for the 1nfbs1on as. descrxbed above.d_'h
 ‘The 20-OHE (10 ug/ml) was dlssolved in 70% BTOH and dlluted LR

such that each tlck recelved 2Q uM 20 OHE 1n 0. 07% ETOH.__F .

Controls recexved 0 07% ETOH All tlcks were 1nfused for f
- about 24 h. The females were then moved to an 1ncubator’(95%

: RH 26°C) and held for 3gdays, when the sallvary glands were

ke »7 Y JJ
‘.,' ' o
LAk LA

exc1sed and assayed for secretory competence. IR ;-nt:.ﬁ,i

. . ‘~f N . .
. ke 1 . PR R . PR -



o tlcks (60 120 mg) cultured for 4 days;secretgdﬂv

RV

p#’?ﬁtiéi}.y_' fed. -

- Experlment s gllvary glands from large -

R 1.44 O ! mg/gland/10 m1n (n 46 flg 6} Thgs was a

h‘slgnlflcant 1ncrease over small partlally fed tlcks
fe(20 1- 60 mg) whose cultured glands secreted -b'vf J-Jd:-_.
ddO 81 0.08 mg/gland/10 m1n (n 17, p<0 01) T;cks >120 mg
':had progf§§51vely less secretory competence, and thkS
_{>200 mg. lost almost all the1r flu1d secretory competence

(0. 16 0 05. mg/gland/10 mln, n= 12)

Experlment 2: Most of the ecdyster01ds caused a

”~51gn1f1cant decrease in wet welght of the sallvary glands

| after 4 days 1n organ culture (flg. 1) wlth 20 OHE hav1ng
[the greatest effect (a 42% dag;ease 1n wet we1ght compared )
to 0.07% ETOH controls, p<0 01 flg ) The extent to wh1ch1:"
: the we1ght loss represented extracellular water loss .as - -
opposed to the loss of metabol1cally actlve tlssue 1s not
known._ : ’ ‘ o _
FlUld secretxon was 51gn1f1cantly reduced by all the

'~ecdystero1ds except for 2- deoxyecdysone (see below)

N QS1gn1f1cance level&ﬁwere p<0 01 for all the ecdystero1ds

when compared to ETOH controls (f1g. 8). In 20- OHE glands
.ffsecreted at only 3@% the rate of the ETOH controls. By ‘
contrast,.2 deog{ecdysone actually 1ncreased sal1vary gland o

3 _‘f1u1d secret1on by 43 3% (p<0 01) compared to ETOH controls.
. “A ST :-—_":



Doy
e &

.QETOH (0 07%) showed no’ 51gn1£xcant effect on wet welghts nor
‘iflu1d secret1on compared wlth glands cultured 1n TC med1um '

‘»f199 alone (p>qt35, flgs..7 & 8)t Harrxs & Kaufman (1985)
.3observed howe@@r, that 0.07% ETOH enhanced flu1d secret1on

'dof cultured A. hebraeum sal1vary glands by 61. 5% compared to

- glands cultured w1thdut ETOH. I. have no explanatxon for the

el

a ~. :

'lescrepancy between the1r observatlon and mlne._w

- "‘/

Salrvary gland vet. welghts were not sign1f1cantly

- affected by progesterone, testosterOne orqﬂ estradlol
ER0 R [ ARV "

~'(p>0 05) after 4 days 1n culture.;Howeve ioort1sol caused 5

q.

‘ about a 25% decrease in sallvary giand wet we1ght ffhj

. (0. 01<p<o 05: fig. 9)

After ¢ days in. culture,_sallvary gland secretory
ompetence was 51gn1f1cantly 1ncreased by a}l the vertebrate .

Fster01ds (flg.glo) Progesterone and B*estradlol the most

"1effect1ve, enhanced f1u1d secretxon by 53 .0 % 7. 7% (n 10Y

'fland 50.4 * 9. 4% (n=10; p<0 01) respectlvely.-
| Ecdyster01d—1nduced degeneratlon of the Sallvary glands o

Lol

luas conflrmed by ultrastructural observatlon. Autophag1c
vacuoles were abundant 1n certaln cells ag the type III‘

f ac1nus of sallvary glands cultured in 20 OHE (1 ug/ml

| f1g 11b). ETOH—treated control sallvary glands d1d not’
'p‘possess many ahtophaglc vacuoles (flg 11a) ‘
Exper1ment 3 After 4 days in culture, sal1vary glands
- exposed to- 20 OHE or E d;d not lose the1r flu1d secretory S
' ;competence to the same exte?t as was observed by Harr1s & L
..Kaufman (1985) for A hebﬁaeum sallvary glands. I thought

. L N



th1s m1ght have been due to.. one of three reasons' 1) our _
samples of E and 20 OHE (powder) were several years old and L
'-b‘m1ght have deter:orated ’ 2) A amerlcanum tlcks mlght

ffrequ1re a hlgher concentratlon of E to achleve complete

o degeneratlon or,.3) some other factor necessary for sal1varyv<

c fi(n 9) Thus, a hlgher concentratlon of e

.?:gland degenerat1on was present 1n the cultures of Harrls &
'fKaufman s (1985) thkS, but absent from m1ne. Therefore, 1)”'
1 assayed 5 explants in 1 ug/ml 20 OHE prepared from newly
-fpurchased:hormone After 4 days, these sal1vary glands gl
| secreted'0.59; .0 1 mg/gland/10 mln (n—5) The older batch 'd
ilof 20 OHE caused the sallvary glands to secrete | l.i_
- 0. 60 + 0. 08 mg/gland/TO mlnd(n 12) 2) I then tested some_f-
bf-explants w1th fresh 10 ug/ml E or 20 OHE E- treated sallvary
| «_glands secreted_0,89 + 0. 07 mg/gland/10 m1n (n= 6), and
xnéd*OHEftreated:glandSrsecreted 0. 72 : 0. 06 mg/gland/10 min -

a ster01d

Tg(10 ug/ml) d1d not 51gn1f1cantly ina ase the degree of
'_degeneratlon to more than that 1nduced by 1 ug/ml E or

b;20 OHE (p>0 05) 3) 1 also tested some A hebraeum females
‘u51ng RE ug/ml fresh 20~ OHE or E. and,observed srmllar results
as for A. amePIcanum, namely a 65% and 70% decrease 1n f1u1d

’secret1on from E and 20 OHE treated glands 4) F1nally,_I'

- 1nfused some A hebnaeum females w1th 20 ug/ml 20 OHE and

S . IR ?ﬁ,&y;-
L (0.71.t 0 13 mg/gland/10 m1n, n 13 vs.,;_ . _f;Jﬁﬁ&‘
IR . ‘ . o e

observed more degeneratlon than was observed for cultured

>

QNA hebraeum glands. Fluld secret1on was . 25 4% the rate for

»fsa11vary glands 1nfused w1th 0 07%. ETOH alone



[
.

v2;63 0 48 mg/gland/io m1n, n= 9 reSpectively; bk0'01)7>

:rA‘Thus, some factor may have been absent 1n my explants whlch f

l_ would enable complete sallvary gland degenerat1on to proceedf7'7

as Harr1s &9Kaufman (L985) demonstrated 1n A. hebraeum.. f‘f;f'f‘
| None of the ecdyster01ds stlmulated v1tellogene515 1n L

;.J

Q the ovarleS'of the cultured t1cks ment1oned above. By day 3
;1n organ culture, ovary homogenates of: ETOH control ticks
gave ao absorbance readlng of 6 8 : 1.J/g ovary welght }
°f(n 4), whereas ecdyster01d treated ovarles had: an absorbance
? of only 4., 9 0 4/g ovary (n= 10 p>0 05) I have less data
'for 4 day organ cultures,_but agaln, ecdyster01ds did not

t

_appear.to-lnlt1ate v1tellogene51s. 2 SRR ."'7_;A. e
| AT ST .
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D. Discussion
B Harr1s & Kaufman (1985) showed that sal1vary glands pf‘

.fgsmall part1ally fed A. 'bﬂaeum cultureﬁ for 4 days secreted

as’” well as’ glands of s"glar thkS wh1ch were left untreated"

ffor 4 days Slm1larly

’ f_jpartlally fed A. amePlcanum females cultured for 4 days

o taken up by the" trssue'

secreted as well as gladds'?tom untreated day 4 small t1cks
"’(0 8 + 0. 08 mg/gland/lO mln, n= 17 for cultured glands vs.
0. 77 E 0 06 mg/gland/10;h@h n= 28 for normal glands,"

'p>0 05) Harrls & Kaufmén (1985) also demonstrated that
. !
__sallvary glands from large A hebraeum (>400 mg) set up in

: /
- organ culture w1th1n 2%3h ppst Eemoval secreted as well as-

d‘fglands from small (300 mg) 31¢ks cultured for 4 days. Unllke

f A; hebﬁaeum, sallvary glands from large (>150 ‘mg) B

A. amenicanum lost thelr secratpry competence when cultured
for 4" days (f1g 6). AHence, it is p0551b1e that the factors

]

'wblch trlgger TSGDF release 1n A. amerlcanum are 'turned on

'm._dhce TSGDF is released and

'5ear11er than in A hebr

degenerat1on of the sallvary glands 'd"

b L

:lvcannot be halfed by washlng TSGDF away in culture (Harrls

Kaufman, 1985) l:f"' o ,;" ,g_;.;f'ﬂ.l.

| The. 20 OHE-xnduéé% sallvary gland degenerat1on in
. A. amerlcanum was not as compIEte as Harr1s & Kaufman (1985) f
observed in cultured glands of A hebPaeum. US1ng °[H] E,,"

;iW1gglesworth,et al (1985) showed that several t1ck tlssuesif
, AR o

R P ‘ ,( - . o L n

I found that sallvary glands of small_{-f



‘Ilncludzng Malplghlan tubules, ovar1es and flt bod
'vlmetabollzed E in v1tP0~1nto 1nact1ve polar products. In my
'l'preparatlons, only the guts (and probably some of the fat

;body) were removed Perhaps the ecdyster01d was 1nact1vated
l,by the remalnlng tlssues. 1 thlnk the latter‘unl1kely,
~}‘however, because of the large volume of culture medlum ”
’dv(S ml) and large amount of ecdyster01d used, compared to the
s:51ze of the tick (60 120 mg) ﬂ o ,; ',lz"' '.”,] o -

» Flg. 11b . shows ‘that 20-0HE spec1f1cally 1nduces
ah autophaglc»act1v1ty 1n “the sal1vary glands.‘ EchStero1ds
,«/}are known to medlate autophagocyt051s in 1nsect tlssues f:;

also. After 2 days in organ culture w1th 20 OHE fat bod1es

‘of . Calpodes larvae showed abundant autophaglc act1v1ty

."(Dean, 1978 . Slm1larly, 1n3ectlon of 5 ug/g 20 OHE 1nducéd :

1'autophagocy os1s in. the fat body of last 1nstar laﬂval

Mamestta bPaSSIcae (Sass et al., 1983) ngh concentrat1ons

of E aIso 1nduce ac1d phosphatase act1V1ty (a marker enzyme,

y~(a

‘-for lysosomal act1v1ty) 1n sallvary glands of DPOSOphfIa
'melanogaster larvae (Alzenzon et al., 197b) Ac1d |
' phosphatase act1v1ty 1s also much elevated in degenerated
sallvary glands of A. hebnaeum (Harrls & Kaufman,.1981)
. As 1nd1cated earller,‘ecdysterolds d1d not 1nduce _E‘k

ﬁv:tellogene51s in dﬁban culture. Vltellogenln, the precursor':
3 .
for yolk protexns, 15 manufactured from haem prodbdts of the:

l

" blood. meal. v‘hreakdown products, Speciflcany S

- - - -

11t must be realized that fig. 11. shows. tissue that was

~cultured for’ 4 ‘days; hence the quality of the m1orographs T

does :not compare favourably with mzcrographs of fresh tlssue
- (see Harrls,& Kautman, . 1981) e ‘-



"1982) For my exper1ments,(organ culture preparatlon

'e’1nvolved removal of haemolymph guts and some fat body.

- were removed these factors may be - respon51b1e for the lack;-
rof accumulatldn of yolk 1n the ovary 1n these experlments.
’rFurther dlscu551j?'of_thls top1

fchapter 4

haemo glyco llpoprotelns, are translocated to the

4>”.haemolymph These prote1ns are then 1ncorporated 1nto the -
fat. body and synthe51zed 1nto v1tellogen1n (D1ehl et al., SeoTe
' Q® .

. 4

yﬂ51nce haem derlvatlves are not. present in TC 199, ‘and. since R/

'some potentlally necessary organs for v1te111n synthe51s ‘v~f BN

‘.~

wlll be delayed untll

The 20- OHE caused the greatest degree of sallvary gland

- degeneratkon compared to. ponasterone C murlsterone A
, (p<0 01) B (0 01<p<0 05), and poss1bly ponasterone A and

o cyasterone (p<0. 07) Ecdyster01ds are der1ved from

\

a~cholesterol (see flg '12).and fig 13 shows the structurehoir

v'all the ecdystero1ds used 1n thlS study Structure act1v1ty

. »

relat1onsh1p studles in 1nsetts have shown that the : - o
followlng chgracterlstlcs are essentlal for ecdyster01d

act1V1ty rn v;tro and in- vivo- 1) a cis-fused A/B rlng

'tconformat1on, 2) a 6- keto 7 ene grouplng 1n the B rlng, 3) a

full sterol 51de cha1n (Hofn & Bergamasco, 1985), and 4) a

14a—OH group wh1ch 1ncreases ecdyster01d act1v1ty ln VltPO.

g'Except for 2 deéxyecdysone, all the ecdyster01ds I trded

have the four characterlstlcs mentloned above. Slngh et al

f(1982) observed u91ng llgated housefly larvae, that SB OH '

Py

_'ecdyster01ds are less actlve in vftro than SB H - i".i"‘

Y



:vthat of 20 OHE in vitro. Lo L

apredom1nates. WLth a 5a

-;hsubst1tuents. Ponasterone c and murlsterone ‘A have SB OH

. {

'jgroups and both were the less effective on t1ck sal1vary

glands (flg. 8) In my system polypod1ne B (hav1ng a SB "OH

_group-also) - was juSt as effect1ve as’ 20 OHE (p>0 05)

L

\

d .Y

¢

" The only ecdyster01d Whlch d1d not cause salxvary gland

;'rlng conf1gurat10n mlght explaln thlS. The 5/3 r1ng of

ecdystero1ds exlsts as. 2 1somers- S5a and Sﬁ conformatxons

: (flg ,1'4). In the 5o form, a strong axial- axl’l sterlc

K 1nteract10n exlsts between the ZB OH and 19 CH,. groups. Thl§

interact1on destablllzes the moleculem“thus the SB
v‘

RS S

.ﬂ

1nteract1on 1s’absent therefore, the 5a 1somer

AJB r1ng, 2 deoxyecdysone is plan

i'The other ecdyster01dsv¢%av1ng a SB A/B are non-planar

moleculeS"(Bergamasco & Horn, 1980) As a*result,»n. B

’ 2 deoxyecdysone 1nteracts w1th the ecdyster01d receptor 1

dlfferenu manner from the other ecdysteroxds. The. act1on

ﬁz deoxyecdysone was 1n fact 'very 51m11ar to vertebrate

' ster01d action on the sallvary glands (f1g 10) ‘Note the
hmolecular structure of 2- dexoyecdysone and\tpe vertebrate
ifffﬁster01d is" comparable (flg. 15) Indeed ' the shape of the
;3iﬁA/B rlng of 2+ deoxyecdysone is very muc§§11ke the A/B r;n

g,iof vertebrate ster01ds. W1th the absence of the

-5 . 1 B

: T L '
whereas Singh et al. (1982) observed its act1v1ty to be 4?%

' degeneratlon was 2 deoxyecdysone._An examlnation Gf 1ts A/B

'conformatlon predomlnates (Horn & Bergamasco, 1985) In.

’ deoxyecdyster01ds (eg 2-deoxyecdysone) the Zﬁ OH/19 CH,-

arl‘
n a

of"

- =
g,'f .

s



lC2-subst1tuent, vertebrate stero1ds adopt an A/B r1ng
, conformat1on 51m11ar to 2- deoxyecdysone._Also, belng planar‘
'molecules, the A/B r1ng of Q-deoxyecdysone and the
.‘vertebrate ster01ds is tPans-fused (Solomons, 1984) Because
rthe ecdyster01d receptor blnds ma1nly to. the B- face of the
‘hecdyster01d molecule\in the reglon of lhe A/B r1ng (Horn &
"-“Bergamasco§y1%§5) th1s mlght explaln why 2 deoxyecdysone

and the vertebrate stero1ds act dlfferently from the other
.ecdyster01ds._h R f"f,. | | |

_ All the vertebrate ster01ds 51gn1f1cantly 1ncreased

' flu1d secretlon in: cultured sallvary glands. Testosterone

ieases skeletal mass in- rats by 1ncreas1ng amlno ac1d _

“1975) After 4 days in culture, cortlsol also 1ncreases

fluid secretlon in completely 1solated cultured sallvary

glands of D. andbrsonr (Kaufman & Barnett 1977) and s1m11ar

‘xglands of A. hebPaeum (Kaufman, pers. commun1cat1on) HOw
”mlght these vertebrate steroids 1mprove the state of the
sallvary gland tlssue7 Glucoc0rt1co1ds, whlch 1nh1b1t gF 2
funflammatory reactlons, may do so by stab11121ng lysosomal
:,membrane5° thus the secretlon of hydrolyt1c enzymes which
normally occurs dur1ng 1nflammat10n 1s 1nh1b1ted (Hadley, _
-1984) Zurler & We1ssmann (1973) have proposed a mechan1sm
. for this . stab11121ng effect Steroid hormone analogues'can-
insert thelr acyl cha1ns 1nto the hydrophoblc layer of the

_'lysosome membrane. Thus the bllayer condenses and- restrlcts

the. mob111ty of the acyl chaxns, hence membrane stablllty

N

)

~rporatlon hence promotlng tzssue growth (Mayer & Rosen, \(_



. . . . .‘\ .> : 4’. )
results. The vertebrate ster01ds may be actlng 1n a similar

~manner on- the lysosomes 1n t1ck sallvary glands. As a

\

, result secretory Egmpetence of these glands would be

Agreater than sa11vary glands cultured w1thout the stero1d
The membrane stablllzatlon theory 1s, however, not ent1rely
_satlsfactory.ﬁfor the followlng reasons (Haynes,'1974) T) A

very h1gh concentratlon of the glucocort1c01d (10-*M)." 1s
[

v__needed to observe only m1n1ma1 ant1 1nflammatory effects in

o VItPo. ThlS concentratlon is 100 fold greater than that

‘needed to suppress 1nf1ammat10n n vgvo._z) A 51ngle dose of
ythe ster01d is 1neffect1ve 1n stablllzlng lysosomes 3)-It
1s cr1t1cal for the molecule to have an 11B— and/or 17a OH

>

'group and a 20 keto group to e11c1t ant1 1nflammatory

: 2
g actlon. Progesterone, testosterone and- ﬂ estradlol are

'jw1thout the - 11B OH and 17« OH substltuent, and therefore -

_probably do not act. 1n the same manner as cort1sol Indeed

Yprogesﬁerone and testqsterone labillze l1ver lysosomes‘

in VItPov(Werssmann;-€;' :h 4}7:he glucocort1c01d 1s
q‘ « I

probably actlng more* ;: the genome and the observed

lysosome Stability c0u1d~f" fgg:a secondary effect of the
~ , R : c

’

Desplte the weaknesses of the theory, cort1501 and the

‘]other vertebrate ster01ds do 1ncrease f1u1d secret1on in

tick sal1vary glands. Progesterone testosﬁ!ﬂsne and
| ort1501 all have the ab111ty to adopt 1déﬁt1¢a1 A r1ng

conformat1ons, thus they can act upon the same receptor
. A :

ey
@

(Duax et al., 1975). .



' -lﬂproposed 1ndependantly by Jensen et al. (1968) and Gorsk1 etTfpif.

":The '2 step mechanlsm for steto1d actlon was flrst

:"alg (1968) In the f1rst Step, the ster01d enters the cell

by dlffu51on and ands to a éytoplasm1c receptor. Durlng then~”

”g-ﬁsecond step, the ster01d receptor complex translocates to

.

l“fand prntelns (Ashburner et al., 1974) ._.f:“; J]ﬂ

d'the nucleus where 1t 1nduces transcrlptlon of spec1f1C"

]

*genes. Thus, the effects of ster01ds are medlated through .
lt;mRNA and proteln synthe51s (f1g 16) Whether thls mechan1sm
fﬁof actlon appl1es to all vertebrate ster01ds is a matter of,f
‘ . recent COntroversy. Strong ev1dence now demonstrates that
fl;unoccup1ed estrogen and progesterone (but not A' ;
7‘hglucocortrc01d) receptors re51de in the nucleus (Walters,,

.1985) . Therefore, 1nstead of the cytoplasm1c_;?'.’

B ster01d appears to blnd to a re51dent nuclear receptor._:f"
The mechanlsm of actldn of ecdyster01ds 1s analogous to"

’»f;Jensen et al and Gorsk1 et al 's model for vertebrate

g

-Tsterolds (O Connor,'1985) Us1ng ChlPonomus sal1vary glands,~

e

{fClever & Karlson (1960) were the f1rst to show that a d1rect

>

'ﬂcorrelatlon ex1sts between rlslng ecdyster01d t1tres and

‘o

P
I

_ Ecdystero1ds are transported to the1r target tlSSUéS by';
-1haemolymph»b1nd1ng protelns (Feyerelsen, 1980)‘ Once 1t

: reaches the target cell ‘the ecdyst5501d dlffuses across the'

membrane (O Connor,_1985) It b1nds to a cytoplasmlc"'

-,:ster01d receptor complex moV1ng 1nto the nucleus, the” -

¢

»

.
f;{transcrlpt1onal act1v1ty (1nd1cated as puffs) 1n thevl,, 'vl ,y“

*“VchromOSomes. These,puffs result from an accumulatlon of RNA 7,5



B T . < A

"ireceptor and the hormone receptor complex 1s translocated towﬁf:f
" the nutleus where the hormone dlsengages from the’

’cytoplasmlc receptor and blnds to the nuclear receptor (Yundp;tszh

”et af., 1978) The hormone nuclear receptor complex then o -
§ b1nds to- Spec1f1c genes to modulate transcr1pt1onal
:_nact1v1ty. One model for ecdystero1d actlon 1s based on.the> ‘
. :follow1ng data- 1) Ashburner et al (1974) observed that two?b.=
u'1ntermolt puffs (1 e._puffs present before ecdyster01d
appllcatlon) regress, and early (w1th1n 5 10 m1n) puffs andﬂ
;.late (at least 3 h) puffs appear upon 20- OHE exposure.v;~v_“"”

"12) Cyclohexamlde» a proteln synthe51s 1nh1b1tor, does not

-laffect 1nduct1on of early puffs, but it does 1nh1b1t both

i the, normal repressxon of the earli’puffs and thegappearance
"?, of latekguffs. 3) Premature removal of theé hormone leads to ,?f}
:a regress1on of the early puffs and'premature 1nduct10n of e
.pflate puffs. The central. propos1t1on of - the model is a double

' control upon both the early and»late puff s1tes (fng 17)

"f'The ecdyster01d receptor LE R) complex has a p051t1ve effect

-fupon the early 51te cau51ng an 1nduct10n Qf mRNA sYnthesxs nf
',and ultlmately new proteﬂn syntheS1s. Atathe same tlme,‘the =
E R complex acts to 1nh1b1t RNA synthe51s at late puff

N

"l;51tes Only when a suffhc1ent concentratlon of the pfOtEI“_‘ T

"uencoded by the early loc1 ‘has been synthe51zed can the B- R

"l.complex be dlsplaced from the late s1te and transcrlptlon at

"H_that S1te occur. Dlsplacement of the-E—R-complex w1ll

“

' 51multaneously cause regre551on of the early puffs. e

R R : : . : »



Tﬁgre are a’numb§r d szm1lar1t1es 1n stero1d actlon

riibetween vertebrates and 1nsects. In both cases, the hormone

7ulgenters éhe cell and becomes bound 1n the nucleus 4n a ”@j,_‘

N;process med1ated by a- receptor proteln. At the tlme when thef.

lflrst hormonal effects on protexnfsynthesis;are observed at?e
‘\.1easb 90% of the total b1nd1ng for each:ster01d type is ”

tlghtly assoc1ated in- thé nuoleus (Yund 1980) Also, hek'}f'

.o

" number of nuclear blndlng s1tes per un1t DNA 1s similagfﬁbr} ;

’

the two classes of ster01ds. There are also a few

fdlfferences 1n ster01d hormone actlon between 1nsects and

;vertebrates. The most strlklng of these 1s ‘the fact that

/

'71nsect cell llnes wh1ch have not prev1ously been exposed to '

- the ster01d hormone (1 e._nazve) contaln a- re51dent

-

: populatlon of nuclear receptors Tor the 1nsect stero{d

/'

(Yund 1980ﬁ Controversy exlsts OWer the absence

o res1dent nuclear receptors 1n na1ve vertebrate ta@@et cells.

hid

"Therefore,,at least wlth glucocort1c01ds, onceothe

4

.’vertebrate steroxd bands to the receptor th& complex enters"f

o

. & j o
-the nucleus to b1nd to the chromosome’ ,'GD A
‘ / 25

Ultrastructural ev1dende clearly ﬁhdicates that

I ecdyster01ds Cause degeneratlon of gack sal1vary glands inb* ‘d

. SRR .
'vttro {flg.”n_) Structure actlvrﬁf relatlonshlp stud1es

e11c1ts the gfgatest degree of sallvary

‘:-,.‘gland degenerat1oh Vertebrate ster01ds, hav1ng a

?..

qonformat1onal structure dlfferent from ecdyster01ds,r

)
.’

,frncrease sal1vary gland flu1d secret1on. Because sallvary

’9 &

glands secrete well 1nworgan culture, th1s s;mple bloassay

,,f\-.,»,;,, e 4:7“7'(/',
. o DA ._.' - . 4 .
. .'u .
S P Lo ‘\
e ® Lot S ' ogof/



e

-allows for the determinatio
. putative ecdyst

n of the specificity of the -
goid receptor.: N

“ .

v
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“,Flg 6 Comparlson of the secretory combetence of salivary

"glands from A amerlcanum:tlcks rem0ved,fromfthevhost

d._and assayed on’ day 0 ((:)), w1th glands;from ticks“setypp SR

cin organ culture (95% rh 26°C) for 4 days (<>)
"fMeans & S E M. and n are shown..After 4 days 1n culture,v
'c'glands.of tlcks we19h1ng up to- 120 mg. secreted 64% of _ff_:
'1athe rate of glands tested on day 0 (p<0 01) Almost 5
n{complete sallvary gland degeneratlon was’ observed 1n>
Aft1cks >200 mg. Datgﬁfor day 0 were taken from flg 2.»

'}-leferences were compared u51ng the Student s t test.

LR
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C

ff 2 deoxyecdysone and ponasterone A, the ecdyster01ds

o

B up 1n organ culture for 4 days. Except for

N\

'!jcaused a s1gn1f1cant decrease in sallvary gland wet -

”vdays in. TC medlum 199 w1thout ETOH (no ETOH? are

_ywelghts~(p<0 01) Means S E.M., and n are shown. For

i1nc1uded .
A "
W - _
' ;
\

Fxg 7 Effect of ecdyster01ds (1 ug/ml) on’ wet weaghts of’f“'

' sal1vary glands of A amePlcanum t1cks (60 120 mg) set f

'f_the sake of comparlson, sallvary glands cultured for 4-‘:



7 Quysiyy sprossiskpog.

)
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"1""

:&Flg 8 Effect of ecdyster01ds (1 ug/ml) on flu1d secretlon ‘
‘”_of sallvary ﬁlands of A amerlcanum t1cks (60 120 mg)
‘.set up 1n organ culture for 4 days. Means i s. E M., and
ren are ShOWﬂ.-Wlth the exceptlon of 2 deoxyecdysone,.all
'g'the ecdyster01ds 51gn1f1cantly decreased flu1d secret10n7

L 1n the sallvary glands. For the sake of comparlson,5

d, .
-sal1vary glands cultured for 4 days in TC 199 w1thout

Y
,./.v.

'."'ETOH. (No ETOH) are 1nc1uded
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Fig. 9 Effect of ster01ds (1 ug/ml) on W2t welghts of
‘vfsal1vary glands of A amerlcanum thkS (60- 120 mg) set

up 1n organ culture for 4 days. Means ; S.E.M., and.n

are shown. Sal1vary gland wet welghts were not affected

s“by testosterone, progesterone nor B estradlol (p>0 05)\
'Only cog$1sol Paused a 51gn1f10ant reductlon in. wet
we1ght (0. 01<p<0 n5). Data for "no ETOH";were copled

“from f1g 7,

b’

v
gl

T
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uFig;

10z E fect of steioids,(ﬁ&ﬁg/ml)_on'fluia secretiéh"bf

sa11v ry glands of A. amev_' (60 120 mg) set

up 1n/organ culture for 4 days.' * S;E.M., and n

~
aﬁé»éhown..ln all cases, the vertebrate ster01ds_$‘

1ncaeased flu1d secretlonlln these sal1vary glands. Data

4
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11- Transm1551on electron mlcrographs of A amerlcanum

dsallvary glands (type III ac1nus) cultured for 4 days

- in: A)°0.07% BTOH (mag.’ x15,000) or, B) 1 ug/ml 20-OHE

s ﬂ(mag. x10 000) Note the abundance of autophaglc

',vacuoles in. the cells of the 20 OHE treated sallvary

_labyrinth,fi;fef

n-g}ands‘(atpows) M-mltochondrla, Ml membranous
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. Fig. 12: Chemical ricture (including ring and’C-atom
nomenclature) of cholesterol® (taken from Lehninger .

1975) . . B
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',Fig; 13 Chemlcal structures of var1ous ecdystero1ds. All

have a. C 27 skeleton w1th a. 6- keto 7- ene. grouplng 1n the _

B r1ng and ‘w1th the except;on of Zﬁﬂeoxyecdysone,»a i

y crs-fused A/B r1ng (taken ﬁ(om Karﬁao ;»




" polypodlne B " |

o
20 hydroxyecdysone

'fOH'

2-deoxygcdysome“f
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Flg, 14 Dlagrammatlc representatlon of two 1somers of the;;gA .

; A/B r1ng of ecdyster01ds. 5a and 58. The 5a
A conflguratlon 1snless stable due to the 2 ﬁ OH and,“*k
19 CH, group 1nteract10ns. As a result, active'7
ecdyster01ds have the 53 conflgurat1on fqr the A/B r1ng
(from Horn & Bergamasco, 1985) : -
3 .7,’ﬁ .






'Figib

-

15-’éh cal structures of 2 ded&yecdysone and varlous

'ivertebxate ster01ds (taken frqm Hadley, 1984) Due to

-the absence of - the ZB OH group 1n 2 deoxyecdysone, thlS

fecdyster01d adopts a 51mxlar A/B. r1ng conformatlon to“

'-;' tﬂans—fused A/Bzrlng.

: _/‘ - ‘;7~_' .
the vertebrate ster01ds..A11 these stero;ds have at<
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" Fig. 16: Postulateflf(and generaliy:accebﬁed).mddel.fbr“fhe

" mechanism of ‘a ion of steroid hormones. (R) - receptor;
" (H) - steroid ho¥Wgone . Seé text for a-agséfipfidn

e

. (modified from Hadley, 1984).
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' Fi§.“1?: Modél of’the'mode~6f agtién'for echsteroid‘

hormones. Consult the text for details (modified from

_aO;Conndr} 1985).
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',‘Ecdvsone + Recepto
Ecdysone -Recep'or Complex .
. Eorly Puff ., Lote Puff .
# - . —t
Antecmolt Puft
mRNA Symhem i
. lnhabllory Prolcm I
Inducing -
-Pfolein Synthesis Protein-




"”:et al._(1985) observed a correI%tlon between the rlse‘zn

'rt,JWV1tellogene51s 1n the ovarY .of A hebr“

‘ establgﬁhed whether ecdyster01ds st1m'

Lthe thkS, A hebraeum (Harr‘b & Kau%man, 1985) and A

\ "w'does not st1mulate v1tellogenesﬂ% 1n t1cks. However, Connat

t

haemolymph ecdysteroid t1tr s and an 1ncrease 1n _i, T
a’ . ! “- 'm._'

It 1s Stlll not

R

‘v‘\': . Comé

-

| - cks, dt s1mp1y accumulate in' the ovary as 1s the case for

oo . -

some 1nsects. wfytffmﬂ

e It is now well establlshed that E and 20 OHE regulate v'yg}:;

'y:,v1tellogene51s 1n SOme 1nsects. In most 1nsects (eglﬂ'

N\ " SERYS \.' ‘
drthoﬁtera, Lepxdoptera and ColeOptera) vztellogenesas 1s

bawKoeppe qf al.,.1985)““However,_E does play a role 1na§omeﬁd,f

.- " T

gther 1nsects, and 1s the predominant hoﬁ;one

contro;llyg'vltellogene51s 1n h1gher fl1es (Hagédorn, 1985)

However, B- 1nduced v1tellogene51s wzll not proceed°1n the

»

ovary of‘these 1nsects unless the ovary has been pre expOSed

to JH (Flanagan & Hagedorn, 1977- Adams et al., 1981)

bl PER . B IR

A

-

L
ey
b

fte v1tellogené51s in

Do . [ . A e e T ’
- EOREE . Pea e L .

'Q_amenicanum (th1s study) My ln v1tro studzes suggest that E‘_."”

Al Introduction i
! S e 4_ ~ ._‘.‘.,_:.‘ ‘ e "’,f.‘ R - o . . . o P
SR e T e T e gl g e
B T R R T TR RO S L
R i :
. Ecdyster01ds cause degeneratlgn of:sallvary glands 1n-*?ﬁf"-”‘

R

controlled predomlnantly by ]uvenlle hormone (JH :see rev1ewftk-;;“y
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Iﬁ ecdyster01ds control sallvary glaﬂﬂ degeneratlon an&
: v1tellogene51s 1n tlcks, then an ecdyster01d 1nh1b1tor

"'shou1d bﬂock these processes. Azadlrachtln 1s a potent

1

"“’1nsect growth regulator 1solated from the neem tree,.h”
AZadirachtlca lndlca (Juss). The gen%ral structure of

azadlrachtln is 51m1lar to E (flg. 18 At least one of the ?fu

¢

act1ons of azadlrachtln 15 to" 1nh1b1t the synthesls of E e
(Sieber & Rembol& 1983) 'or at least block its release
(Rembold, 1984).t o L : ‘ ’ :

LR} 1.._
E w"’ .

To further exam1ne the roLe of ecdysteroads 1n tlcks,'

ot ‘teSked the effeots-of azadlrachtln on two. putatlve

“‘.,_ Jx o R

E E sens1t1ve systems in the t1ck salrvary gland°degeneratlon

hT?*‘ and v1tellogene51s;. R 4 ‘ 3 :
K _;'. , .' . v aN

. '. . ! ' ‘.' ‘



B. Materials and Nethods .

e i S "7:'_-va~,_iff7f" |

“fl) ﬁssay for q;tgllogenes1s R e
j, T1ck v1tellin i %ﬁeddlsh brown due to 1ts haem molety.:aj%

ﬁo-

*'Thus, ve could use the follow1ng spectrophotometrlc assay to

'vmeasure the degree of v1tellogenes1s quant1tat1ve1y.f3

i_Tlssue preparat;on~—'the ovary was: removed from the t1ck

‘hﬁblotted and wezghed homogenlzed 1n 3 5 ml of dlstllled

ﬁ_water and storéd in capped 4 ml dasposable vxals at -153C

<.dh the day of assay,.the homogenates were thawed in a 25 C
:gwater bath and vortexed The homog’nate was plpetted 1nto a;'
754 ml polycarbonate centrlfuge tube and centrlfuged at 4 6 C?ffff
v;;ffor 15 m1n at 20 000xg in an Internatlonal IEC centnlfuge l,

vh'(model‘M-ZS) The supergptant was collected ,ﬂ??lA"s;_'hejh

al 1

'Vg;Spectrophotometrx - after centr1fugat1on; the supernatant

av . -_‘ t

foften rema1ned sllghtly cloudy. As thlS would lnCrease the-7f

3

'ﬂfbasel;ne absorbance 1n proportlon to the or1g1nal amount oti
’ - e N e

. 3

'“'btlssue,vabsorbance at 500 nm (non spec1f1c for v1te111n) was

7!3 subtracted from absprbance at. 4&0 nm (near the peak for the “'

.‘haem mo1ety of v1te111n) u51ng a Beﬁkman DU 8 ,énbé:-ﬁ .f
' ot . -:n-‘-' “ O \“.,
'v;Spectrcphotometer ».The. corrected absorbance was theng"" '

,.5. « PIES

normallzed for ovary welght. Homogenates of eggs served.as a. _}
1 ) .

B standard f°r maximal possxble Vltellogene51s.,ﬂh]_j B

[T

L . B . - . oL e

2) Injectlons f - : ST
e

In one experlment t1cks rece1ved 50 ug azadlracht1n/g

'h t1ck body wexght (bw) Concentrated,stock solutlons ofS

. " Tt "v B . R
!
e N



R B O
P ; B . -

,wf

"mfazadlrachtln (0 05 mg/ul' a- glft from H Rembold,_tgffi;{"}‘

“f7.Mart1nsre1d, F G.R. and J. Koolman,,Marburg, F.G. R ) were

'-;d1ssolved 1n 60% dlmethylsulfoxxde (DMso-'51gma) The stock fff‘
',rwas dlluted to 5 pg/ul w1th dxst1lled water pr1or to :
fhlnject1on, so that f1nal DMSO concentrat1on was 6% éWhen

';lower concentratlons of azad1racht1n were 1n]ected

*'f:(l 25 ug/g bw), dllutlons were made such that the flnal DMSO

‘*7;wh1ch wds 1nserted in th

.‘concentrat1on was also adjusted to 6% Control ticks were
‘“1n3ected w1th 6% DMSO Injectlons were made u51ng an

_vAgla ‘m1crometer Syrlnge_(Wellcome Reagents, Ltd) These fﬁ

~, . - '

R

1 ml all glass syr1nge .w1th a 30 gaugb needle i

© e

3 ‘-ough the camerostomal
'.~;fold On pushlng the t1ck gently forward the needle t1p '
;ilentered a few mm, 1nto the haemocoel w1thout rgpturlng the o

";fgut dxvertlcula In all cases, the 1n3ected volume was gi?m -

S w e _:"’f i3 m.oo
1 #1/100 mg bw.: **‘;,,' ,-3;§~ ;7v‘*w
. . - . - . E ".“
. #1’.. e -..‘c"-. -i“.',“‘» . b . R :.\ o. o '_."."‘ . ‘wv-l : ,"
A . ; . ! .. b : . . v

-»3) Experrments .e',f'ﬁf_} ﬂm¥'jwq |

Experlment 1°-To determlne thelcr1t1cal welght above f}m

ff?;wh1ch V1tellogene51s begins, partlally fed temalés LT e

':Jr were exc1sed a# day g, 4 or 7'P°5t removal

* ‘,"‘. ._. e
0 ﬂ Lo e

,' .(20 1707mg) ﬁpre removed from the»host and the1r ovarles

,v,

T;Spectrophotometrrc analys1s was performed on the exc1sed

f1d.ovar1an homogenates (flg l9717 :”“fillfd_:iffflﬁ-f7fﬂ””ﬁ{"’i*

Exgerxmentfz To.examlne the normal courSe of -ﬁfl: g

5fv1tellogen%S1s, engorged females were removed from the host

K

_ \ G
‘Jand thelr ovarles were excrsed a? days 0-11 post engorgement



| o palnted w1th coloured na11 pollsh to. 1dent1fy the

1u“m1njected a second tlme w1th the same concentratzon “f'.;

u-j,f'azadxtachtln. Wh :
G _

\;7Qwere collected and welghed (f1gs. 21 & 22)

'-?Lnormaleeggs 1n the¢;pect_

Sh

(flg 20). These t1cks were held at 26°C 95% RH in the .gﬁ}f'

&

1nter1m.;g,f,:'Jfftgjf3f‘n~j;f?' A o
Exgerlment 3°'Azad1racht1n was tested 1n 2 ways- by

51ngle or dOuble 1n3ectlon. S1ng1e 1nject10ns. In a’

U

fprel1m1nary exper1ment, females vere collected on the day of:
d'engorgement<and 1n]ected wath 25 ug/g azadlrachtln Double
‘;f‘ n]ectlonsr Small partlally fed t1cks were removed from the ’

:;‘host, 1n3ected w1th e'1 3 10 or 50 ug/g azadlrachtln,

0]

IR
N

: fbazadlrachtln concentrat1on, and returned to the host When_d7

-7*these females had engorged (1 to 3 days later), they were

A-.jlnjected tlcks),-eggs Were collected and we1ghed every thlrdgd

';fday for_9 days. One and a half menths later, remalnlng eggs

S ] B ]

For the followlng reasons; egg we1ght 1s not of 1tse1f

:‘an approprlate un1t to compare egg masses. It has been shown

<

f‘ﬁﬁoften damages the egg-ﬂaxzng organ of t1cks (Gene s organ)
J?iIf damage 1s severiz the‘lald\eﬁgs qplckly‘dry out and have

”j'g,a much darker Cblour than'normal eggs "When compared thh

_photometer,_thrs would»lead to

'”ﬁeggs obv1oUS&Y welgh 1ess than normal eggs, so recordang

wie.

‘r:only egg we1ghts would g1ve mlsleadrngly lom values th egg”

e

. [

jQ“.'ﬁ’lpOSZl.j'.:l.()l'l began (Slngle and tdQUble .

‘5i¥(Kaufman et a).,,1986), that the 1nject10n method used heregﬁj‘

tlabnobmally hlgh,read1ngs §Er unrtlegg mass._Also, the drledjfﬂf

'1f productxon. Thgrefore, small batche;\of eggs were collected'”hf



A each female,.standardlzed‘for each t1ck and therefore,

-

from a serles of untreated females and from 1n]ected

'l
females. The small batches were welghed and the eggs counted

1n each batch Egg number/mg egg we1ght was calculated for
\

,w;' ' ; . me ba51c protocol for double

_1n3;ct10ns 1n e ‘”_3Twas adppted for thls experlment.
However, 1nstean i'

0

[ oV1ng ov1posﬁ€30n to occur:kthe

homogenlzed and assayed for degree o"v1tellogenes_

. 3
(frg 23) The sallvary glands were also removed andg‘f
for secretdty competence.-'litf filf} : -':‘=;( ,7217{ AP

o

o



R 5“w ;f-f‘:, N e o e
Experlment 1: Ovarles exc1sed from all thkS at day 0;

post removal showed no 51gns of v1tellogenesrs (flg. 19)

S1m11ar1y ovarles removed from small partlally fed females*~‘

had not accumulated v1te111n by day 4. or 7. The appearance-*

rmqf v1te111n 1n the ovarles was apparent only 1n day 4

: Engorged A amerlcanum usually begln ov1p051t10n about 7

é;cog?ared to untreated t1cks. untreated females l&ad Creia

AE o _
: post removal tlcks welghlng >60 mg.lv,,n &,;,ﬂe—;f

K Exger1ment 2 The normal course of v1tellogene51s for"*
.'li engorged female t1cks 15 shown in flg..20 V1tellogene51s
. .reached 1ts peak by day 4 and remalned at that leve}

throughout the experlment even af%er ov1p051t10n began.’.:iv

B

days post-engorgement (pers. observatlon)

Exgerlment 3°‘A 51ngle 1njectlon of 6% DMSO 1nto N
".V= #a,

'engorged t1cks:had no. 51gn1f1cant effect on egg product1on

d : \

P . ¢ ‘,-’j.’"“\,

L%

3

9015 3 544 6 eggs/g bw (n 12) whereas 51ngly-1n]ected t1cks

1a1d 8329 ; 953 2, eggs/g bw (n 11,1p>0 05) A 51ng1e

;;1n3ectron of 25 mg/g aZadlrachtln also dld not affect total

bs,

egg productlon.,AQdouble inject;on of azadlrachtln was

equally 1neffect1ve on total egg product1on (flg.'21)

-,«_h,n .

Althougb there was a sl1ght ﬁeduCtlon 1n egd numbers 1a1d by

tw1ce 1n3ected t1cks (10 and 50 ug/g azadlrachtln, flg 21)

[
4

th1s decl1ne was not statg;tlcally s1gn1f1cant
(8102 t 663 4 eQQS/Q bw, n=_ for controls vs. fd:

S T



"‘;{:7054 34% 3 eggs/g bw,i_—21 for*ﬂb+50 Ag/g, P>° 05)'

&- *

i However, hlgh concentrat1ods of azadquchtln (10 and

L.

'the f1rst 6 days compared to eggs lald by tlcks 1n3ected
'ﬁ'wlth 1. ug/g (p<D 01 ﬁlg 22) ,“L'~. ”,,;[g~.-.-~;;,

‘ Azadtnachtan also delayed the onset of ov1p051t10n.‘
'_.Untreated ticks ov1p051t 7 1 Q 3 days (n 12) post

b1 1

:i‘engorgement A double 1njectlon'of 6% DMSO dld not

L .

;ls1gn1f3cant1y retard OleOSIthD (10 0t 1 2 days (n 8)

VoL

';,§>ot05’¢om§§}édgtbﬁudttseﬁédf

'10 ug/g azad1racht1n begaf:to-ov1p051t 13, 3 2 5 days;:};

'sll(n 10 0 01<p<0 05) post seconfylnject1on. Although

‘f'tazadlrachtln delayed ov1p051t1on,.1t was not, dpse dependent-vdﬁ

W

As ment1oned earller,Athe 51te of 1n3ecﬁlon destroyed

™

B lyGene s organ-‘thus, eggs la1d by 1njected females drled out

'ﬁfiand welghed less. Consequen@ly, one would eipect there to be

fmore eggs/mg la1d from 1njecEed tlcks. Indeed thzs was the jﬁ*»~

'73case-funtreated females ov1pos1t 17 7 i 0 3 eggs/mg (n 5)

r‘ﬂ.whereas tw1ce 1njected tlcks 1a1d on average — ;'_itff:"fl””

f-37 5 : 1 3 eggs/mg (n=18)

"f; Experlment 4 Azad1racht1n, twlce—lnjected up to 'yf;ﬁﬂ‘V

>

‘];:'after 7 days (f1g. 23) Also,hazad1racht1n (1-5U ug/g) dld

ﬂff5not prevent sallvary gland degenerétlon Ln any of the

‘"females tested (data not shown) ”f* L

L T _)
)

ntrols) Tlcks 1n3ected w1th"

v . oo T A

’-fnyO ug/g) did“lower somewhat the’rateéof eggs produced for,tis"

Co-

*550 ug/g caused no s1gn1f1cant reductlon 1n v1tellogene51s,f',?;f

- s



51ngle 1n]ect10n of azad1racht1n at a: dose of 0 1—10 lﬁfgﬁng{

Jti;ually effectlve (Sleber & Rembold 1983 Ladd et al‘“i_
1984 Schluter, 1985 Barnby & Klocke, 1987) A number of
poss1b111t1es could explaln the lack of effect 1n thkS.. 

-,1) There may have been enough endogenous E 1n >300 mg t1cks‘

fsuch that a s1ngle 1n3ect10n o£ azadlrachtln had been

adm1n1stered too late to block E' s" effect. Harrls & Kaufman

(1985) haVe shown that a- cr1t1cal tlme exlsts for TSGDF

' release.»Sallvary glands af large,; hebnaeum thkS put 1nto;‘fg;

“!"-I""
(LY

organ cuIture leSS than 24 h post*?LwDVal do not degenerate

& days later. When s1m11ar thkS are‘set up in culture after_f

24 h post removal from the host thelr salzvary glands S

degenerate.ﬂThls suggests that once‘IEGDF 1s released and ';;,_.f

enters the cell (1~e.‘w1th1n 24 h postrremoval) sallvary

gland degeneratlon can not be blocked by washgpg awag TSGDF.J:Ql;

Thereforey I 1njected some thkS before-the crltlpal we1ght

(<60 mg) and put them back on the host to feed agaln-”ﬁfter ML,'l

.- v;- 2

repletlon azadlracht1n was re injected. Th1s en5ured that
the or1g1na1 dose would not be too dllute to thrblt
subsequent ecdystero1d synthe51s. Flgs. 21 23 1nd1cate that

azadlrachtln was st1ll 1neffect1ve.ﬁl

"), o ." . R ‘A



2) Some 1nsects are qu1te re51stant to azadlracht1n. For p

example, Japanese beetle pupae older than 72 h are not

Aer affected by 0. 1 0. 4 ug azadlrachtln even though larvaﬁ &“d

<72 h pupal stages are affected (Ladd et al., 1984) Perhapsﬁf-”

A amenrcanum also has such an azad1racht1n re51stant
?
ecdyster01d system. T :,z-';?%_j;rg : ;”" (
) Ecdyster01ds may not be 1nvolved 1n v1tellogene51s 1n-‘

A amerlcanum. pe mentlon once aga1n that no one has yet been

' ? able to demonstrate a d1rect effect of ecdyster01ds on ,* f'ﬁff'“f

- v1tellogene51s in. 1xod1d tlcks. Connat et a] (1985) only

showed a correlatlon between 1ncreas1ng ecdyster01d t1tres

‘44:: 1n the haemolymph and degree of v1tellogene51s, .as- well as

ovarlan uptake of E Possxbly 20 OHE 1s e11c1t1ng 1ts actlon ;”

| elsewhere.yFor example, in many 1nsects,)r151ng ovar1an
ecdystero1d levels occur as the eggs mature. Thls‘reflects
the ecdysterolds‘that are sequestered by the egg and
probably used 1n embryogene51s. Lagueux et a7 (1981) u51ng
RIA/HPLC on embryos of Locusta migﬁatOPla, found h1gh 1eVels
of E. and 2 deoxyecdysone 1n free and con]ugated (stored)
forms. The embryos apparently use the ecdyste;01d for

' t_fvncutlcle dep051tlon (Lagueux et al., 1979).181m11arly,

Ve .
'w.)-rc-"‘ i A«'

[*H]-20-OHE. 1“39“9‘5 mté '?ed 0"moubata thkS is

..\-,4

'”2 sequestered by the ovary dur1ng v1tellogenesis, metabollzed

(J

and then 1ncorporated 1nto the eggs (Connat et al 1984)

In these arthropods, ecdysteqﬁzds apparently do not promote_rirlﬁ

1;3; ﬂ,nor regulate v1tellogene51s._j[yu~€ﬂ"



5t1cks 1s 1nh1b1

”,”cause complete egg resorptlon 1n the ovarles of

\‘ : . Lo o . - 2‘"" i

In contrast to the above, v1tellogene51s 1n arga51da

“ed by.ecdystero1ds. Ecdyster01ds repOrtedlyf'

o :_‘ffonn;thodor'os moubata (Connat & D1ehI 1986) Large doses of..,,

‘fecdystero1ds reduce fecundlty (Connat et al., 1936) and JH

:f.-supposedly e11c1.s egg. maturat1on and ov1poS1t10n in the fhf;‘

»same t1ck (Connat & D1eh1 1986) Pound & Ollver (1979)

,,ﬁgdemonstrated that precocene (a JH antagon1st) prevents

.oogene51s 1n 0 pankenlr and that a subsequent appllcatlon_*"
of JH leads to partlal recoverv. | T

Although d1spute ex1sts over E 1nvolvement 1n thk

v“fv1tellogene51s, ev1dence for 1ts medlatlon in. sallvary glandr

y'f"’?‘

ok ﬁ".\*

ffdegenerat1on is now qute strong, yet: azad1racht1n ‘has no-

effect. Once agaln, poss1b1y azad1racht1n does not affect

u[all ecdystero1d systems. Before one can say more, however, R

:?the cellular mechanlsm whereby azadlrachtln exerts 1ts '_:Ff?f

.t

'effect 1n sens1t1ve;1nsects has’to be establ1shed Contrary

u(_ﬂ‘\

jmo my 1n1t1ar hopes, the tlck sallvary gland system is not a.
g2 a ) . .
;good.modellto:explorelthls.‘vﬂ}\\,¢.32

x
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Fig. 1‘8',:“(_:hemi_,cal-'s.fcruct,/ure of: "(A_,)_-- ecdysone- (,Ka'r,l_s“o*?\",1

'~ 1980) and, (B) - 'a?,adi.EQCht'iﬁ' (Warthen, 1979). - .
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fies from partlally fed A

1n thkS >60 mg

;mg) on. day 0 (C)) day 4 (Zl)

Incorporatlon of v1te111n‘~7

L.
Lt
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. 20.1-60 60.1-80 90.1-170

 Tick weight (mg) -
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Fag..zo Absorbance of ovarlan homogenates from repleté’
ly;f A americanum tlcks (>500 mg) &s‘a funct1on of tlme‘f"
post engorgement Eggs laLd were also analyzed to show'
.the max1mum absorbance p0551ble (<>).~See text for'
texper1menta1 protocol Means" S.E. M.,»n are shown._
’2V1tellogene51s 1ncreased s1gn1flcantlyl(0 01<p<0 05) and7
'reached a plateau on day 4‘ at wnlch po1nt
v1tellogene51s remalned constant even after.ov1post1on
‘began (day 6- 7) Only ‘day B ovarles dev1ated o
?th S1gn1f1cantly from the plateat p<0 01 compared to

'day 73 p>0 05 compa‘ed to day 9). . "

o
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Flg 21; Effect of azadlrachtln on egg productlon in large o

_ A amer'rganum tlcks (>3oo mg) Small partlally fed tlcks: -
R ) B v
were removed from the host and 1njectEd w1th a‘[ﬂ‘.

concentrat1on of azad1racht1n (1 ul/100 mg body welght)

They reattached to the host and fed to, repletlon. These

Qow engorged tacks were 1n]ected a second t1me wlth the

/Jsame azadlrachtln concentratlon. The tlcks were then put_

1nto an 1ncubator and allowed to ov1p051t Total egg
nnumber la1d was recorded for each tlck Azadlrachtln had:;

" no. 51gn1ﬂlbant ef%ect on. total egg productlon (p>0 05)

&Means t S. E M. and n are shown.
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*Fig. 22 Effect of azadx%achtfhﬁon the rate of ov1pos1f10n gv.'
'.f 1n large A americanum thkS (>300 mg), treated as '
descrlbed 1n flg. 21. Azad1rachb1n concentratlons were |
_(ug/g) Q) control (6% DMSO) (0) 1 ([I]) 3, ({@)
: j(<>) 50- Means + S E M:-"anﬁ~n—are shown By day 3,_10
B and 50 ug/g azadyfachtln 1njected tlcks lald fewer eggs -
'-gfthan T or 3 ug/g azadlrachtln 1njected t1cks (p<0 01)
vay day 6 10 and 50 ug/g azad1racht1n 1njected thkS
\Hwere laylng fewer eggs than 1 ug/g azad1racht1n 1njected .
t1cks (0 01%§<0 05) but~not control thkS (p<0 08). Egg

batches for eac% 3 aay perlod are’ not cumulatlve.EV

."
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fth;»Salfvary*Giand'?egeneration

: the1r actron 1n thkS has not been fully studled I have ;

.;g;vrhGéneral'Conclusjonfx‘

1 . : - . A

SN

‘ Degeneigtion-of the salivarYﬁ
*?gGDF‘ In A amePIcanum, autoly51§¥"
. 60- 70 mg compared tp 250 350 mg for h hebraeum (Harr1s &
Kaufman, 1984) We1ghts of unfed/1nd1v1duals of the ‘two-
spec1es are 3 5 mg and 20 35 mg, respectlvely.‘Thus, in t%o
spec1es of 1xod1d t1¢ks, the cr1t1ca1 we1ght above wh1ch ‘
TSGDF 1s feleased is approx1mately 10 t1mes the unfed
we1ght. ‘I‘herefore, 1t 1s qu1te possuﬂe that stretch

-

receptOrslqn the abdomen may be one component respon51ble,

for controlllng TSGDF synthe51s/re1ease. -
TSGDF 1s probably an ecdyster01d Ecdyster01ds have

been found 1n several thkS (see Dees et al., 1985), yet

-

ch,shown that ecdyster01ds at phy51ologlcal concentrat1ons

cause the sal1vary glands to degenerate 1n A amerfcanum.v
o . _

’fIndeed 20 Oﬂg?pn organ culture promoted autophagac vacuole

act1v1ty w1th1n the type III ac1n1. Other ster01ds
(progesterone, testosterone, B-estradlol and cortlsol)

1ncreased £1u1d secretory competence after 4 days 1n organ

W”culture. Thus, the effect on degenérat1on is spec1f1c to the.

'ecdystero1d fam1ly of sterozds. R e N e

A



fes
1)

ool ) = - . s : - - ) R B o
. et

Lo e \j

Ecdystero1d act1v1ty 1n 1nsec-s depends on certarn-;%

"*structural requ1rements of the mol;buleu Spec1f1cally, Tﬁ?f

dactrve ecdyster01ds must conta1n: a) a crs fused A/B rxng,
'

b) a 6- keto 7-ene group1ng 1n the B rlng, and c) a full
‘sterol 51de cha1n (Horn & Bergamasco,—1985) The vertebrate -
fstero1ds and 2 deoxyecdysone have 2 trans-fused A/B r1ng and

the vertebrate ster01ds lack the other two- features,

-

'-1nd1cated Why the vertebrate stero1ds and 2- deoxyecdysone
: TN €
‘1mgrov f1u1d secretlon is not known The glucocortlco1d

e 5

e N
‘lysosomal stabllazat1on hypothe51s (Zurler & WelsSmann

‘11973) has been suggested but it is not’ w1thout 1ts

» L SRR - S S
_ weaknesses. L L . S . R e

"._fB;yVitellogeneSiS',Ay. o

- I could not demonstrate that?ecdysteroids trigger ©
'vite"llogen'esis 'ih vitro, but the in vitro p’repara'tion

requlred removal of haem compounds, guts and much of the fat'

body. The guts and fat body both synthes1ze v1tell1n 1n_"
B 'tlcks (Coons et al.,:1986) ‘Ks'a resuit, substrdfés and/or
'_mach1na;y necessary for§v1te111n synthe51s may have bee%h
" absent. Thus,. the ecdysterolds may have‘been 1nef£ect1ve forzy

the latter reasons only. I. d1d not tei}_a d1rect effect of
L. 7

» ecdyster01ds on v1tellogenes1s_i

azad1racht1n (an ecdysteroad sanhv rinhlbltor, Rembold &

Sleber, 1983) d1d’not block v1tellogene51s nor’ reduce f

\j

N



degeneratlon ln VIVO, ‘a system ‘hlch 1s

ecdystero1d sens1t1ve. Therefore,'at least one ecdyster01d :
system (sa11vary gland) 1s 1nsen51t1ve to ‘azadi rachtln. The

. lack of effect of azadlrachtln on v1tellogene51s may be due

to one of two reasons. 1) Ecydsterolds do not stlmulate.

- “a

v1tellogene51s 1n thkS. Indeed no one has yet demonstrated

such a direct e%fect. 2) Like the sa11vary glands,j‘.° S

- v1tellogene51s is an azadlrachtrn 1nsens1t1ve system..‘ T

C e
. . N | ‘-

J-;gx.

'-C;HSuggestedbExperiments [ S 3

Autoly51s of sallvary gland tlssue occurs above the

l welght of 60 70 mg in A. amer'lcanum. Above'the

_ cr1t1cal welght does a correlatlon exlst between haemolymph )

ecdystero1d t1tres and sallvary gland degeneratlon7 RIA/HPLC ‘_7
. ‘ - ) '
_studzes may 1nd1cate whether a. surge in ecdystero1d t1tre@

occurs once the t1ck feeds beyond the cr1t1cal welght.

" AS prev1ously mentlonedr stretch in the aBdomen may

s ) R

. trlgger TSGDF release, One poss;ble locatlon of these
putatlve stretch receptors couldlbe the dorso ventral
musculature. Harr;s & Kaufman (1984) showed that se er1ng

the oplsthosomal herves . (those wh1ch innervate the
o
musculature) 1nh1b1ts sal1vary gland@@egeneratlon.f-
P , :
Exper1ments should be conducted to exgmlne what effect



«

- opisthosomal-nervevcuttlng.has‘on ecdxsteroxd-tltreSgin the*;d&;f~'

S el ” B """"".J'

haemolymph GVary and’ syngangl1on. P 'l:: t’A;W&"

.;;’ The control of v1tellogene51s in thkals Stlll

uncertaln. My in v1tro preparatlon would be useful for g 'i;i -

exam1n1ng v1tellogene51s prov1d1ng the machlnefz’ngulred

(guts, fat body, haem compounds) are 1ntact‘ Th1s is 4

2

fea51ble to do wlth my culture method V1tellogenes1s 1n ’_57

‘ «arga51d t1dks appears to be regulated by JH -and 1ts _ 7:’ 'f‘.;

analogues (see chapter 4) The organ culture me hod may

proveeuseful also ta study JH effects on v1t@llo’ene51s in-

ixodid thkS. Con o
Although ecdyster01ds have been found-ln a varlety of

t1ck spec1es, the ecdystero1d receptor 1n,t1cks 1s Stlll .

¢

un1dent1f1ed Due to the relatlve ease w1th whlch the ;Ll‘. |
sa11vary gland can be-lsolated and its obv;ous sen51t1v1ty~“

to ecdyster01ds 1t would be- a good system in whlch to
(\

~1dent1fy the putat1ve ecdyster01d receptor.

- !

»
r
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 Appendix
-fpeﬁposifiongend Prepafatieh of Solutiehsgf"'

SN

1) HANK'S MEDIOM T

N~

Cohpdgnd’ -e S, y mg/l"

cacls -:5[11 R 514°fb g

;D;éluéose ‘ ,}_ B i 4160040;] e
~_;KCi,_.‘\_ . ,,";h ;:400;0, |
oNacl _f, o 11 sooﬂo : '
"""Na“"ot o ens

fphenol Red o fh,J.f 10.0 ,

f_Dlssolve all. 1ngredlents in somewhat less than total volumeh'f

homxtt1ng the CaClz. Dlssolve the CaClz in a small volume ofvhf

H, O and add slowly to the remalnlng solutlon, st1rr1ng
constantly Adjust pH to 7 2 and q S. w1th H,0 to 1 lltre.

;Brlng solutlon to room temperature before use. e
3y , . _ o

-

<113



"to 7 2 and br1ng to ‘room temperature before use.‘:

:attached to a vacuum._

_:2) TC MEDIUM ise.

"1 package TC 199 (Glbco Chem;cal Co., Cat #400 1200)

.2 1 g. MOPS (3 [n-Morphollno] propanesulfonlc ac1d Slgma)

2. 09 g NaCl e

W

’3) STERILE TC MEDIUM 99 A

. s

';Prepare TC" medlum 199 as prev10usly descrlbed (1 11tre)

Add 5 ml Gentam1c1n sulfate (10 mg/ml stock' Slgma) such

that f1na1 Gentam1c1n concentrat1on 1s 50 ug/ml in 1 11tre.if

S

-'Fllter solutlon through a sterlle m1111pore apparatus3a

i e '.."1 14

';M1x 1ngred1ents in enough Hzo to brlng to 1 lltre. Adjust pH‘vaf

§ Oy
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" '4) MELLONIG'S PHOSPHATE BUFFER (from Mellonig, 1961)
“ compound - . * 9/l

_ NaH3PO.;2H¢O’: . 5.B5"

v 'Dissnlv6~iﬁgredieh@s'ihvl.litre distilled H;0.

. -



