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‘cent were capable of forming germ tubes. L

'1inhibit6r of cﬁitin synthetase, inhiBi;ed tHe.revergion

R ABSTRACT - S

. -
- Protoplasts can be nbtained from Neurospg%a crassa

k|

)
mycelia by treatméfit With the snall gut" ‘enzyme prepara-

tion. Uﬁ/gr approprlate conditions, the protoplasts will

-revert bé\k~to normal mycella. Protoplast reversion pro- f,. ,/

.

vides an excellent system in which to examine -the synthesis

of cell wgil polymers and their role in fungal germ tube

development., ' )

~

In this study, the reversion of Neurospora crassa

protoplasts proceeded in a manner’ s1m11ar to that of proto— ' .
plasts of other fllamentous fungl. "Within thirty- mlnutes

of incubation in reversion medium, the protoplasts formed

. aggregates which progressively'enlarged in terms of cell

ﬁumbe;. Following aggregation,*thg protoplasts ency§%ed

by forming a polysaccharide cell wall, Germ tubes emergéd

‘from encysted protoplasts in a somewhat synchronous mqnnér

twenty-féur hours after the gtart'of the reversion pfocess,§

-

'.Sixty percent, of the total protoplasts were capable of

regenerating a cell wall (encystmerit) while only twenty per-

-

.

An examihation of chitin synthegis during protoplast
reversion indicated a direct relationship bgtweanchitin

synthesis and ée:m tubé formation. Polyoxin D,.a specifié

process and chitin synthesis to the same degree. Similar

el
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pelyexinép concentrations heh'no effect on conidial chitin

N’

. s}ﬁthesis during germinafién indicating that the lack of

- effect on conidial germ tube formation was li%ely a-reéulﬁ
. X ) . F . ~
;of the pocfﬁfransport of the antibiotic. >,

,’\
\

Chitin synthetase in protoplasts ‘and mycelia was

. .. found to exist in an active form and a latent form acti-

-\

vated by limited trypsin dlgestion.\ Over ninety percent

e 4-...--’

of the total chitin synthetase in protoplasts or mycelia

- was latent.act1v1ty.'\The.non-reverting protoplasts had
little chit%? synthetase activity. This was proeably the ¥

' result of membrane demage due to prolonged -exposure to the &
-"spa@%??ut" engyﬁe. »Different degrees of irreversible . =

.Zdamage to*the plasma membrane. depending on the length of.

)

time of contact with the snail enzyme could explain the

. .numerous'%ypes of prqtéplaéts found in dur'pregarations in
- ’ ' i

terms of reversion -capacity. !

g
=

-
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-

. 2 "natural” protoplast of'Néhrosﬁora crassa, the slime
. - b . ) =
mutant, is unable to revert to the hyphal form of growth .

[ ’ . ) . )
: p;esumab:i’fye\td genetic reasons. An examination of chitin |

- ngnthesil in this organism by [3H]g1ucos§mineAihco:poration

g

experiments indicated’that no chitin was associéted wi€th the
cell wall or excreted into the growth. medium. In agreement
with this result, polyoxin D ha¥ no effect on the growth of
the slime mutant. The majog soluble metabollte arising

) | from glucosamine wasa;dentifged ef uridine diphosphate- ,

N-acetylglucosamine 1hdicating a defect at the level of

‘n ‘ et .
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existed as both an active and latent form ! bqi.the td&

> /

level of activity was only five percent of that foun?

mycella. The lack of Chltln synthe51zlng capaczty ok

slime mutant miy be one of the possible reasons for/l =S,

protoplast-like form of growth.

These results indicate that Chltln synthe51s

an important role in the formation of the erm t /¥

Neurospora crassa.

;
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INTRODUCTION ' -~ s

Chltln, a homopolymer of B-1,4 llnked N- acetylglucosa- .

mine is found in 1nvertebrates and in. most fungi (Foster and
Weber, 1960) " The role of this &olymer:in fungal develop-.
ment appears to be somewhat dlfferept in the two major fungal
groups, yeasts and filamentous. fuugl.' In buddlng yeasts,
chitin is located in the bud scar (Bacon et al., 1966),‘whefe_
it probably has a distinct function“ih the\geparation of the
daughter cell from the mother cell during gell diviéfbn. -
Pol&oxin D, a specific iuhibitur of chitin synthetése (Endo -
et al., 1970a), inhib%tstuhe diviuion of yeast cells (Bowers
‘et al., 1974). Ib filamentous fungi and the fissigp yeasts,
the role of chitiu‘is not as well defined; it is~no; 1ocated
iu a specific area but envelops the entire germ tube. Its

~ synthesis oécu;s primarfiy at the apex of the germ tube and
it appears to play a significant role.in the extension of the
germ tube (Bartnicki-Garcia, 1973).

o~

#“"‘ -
‘Although the pathway of chitin biosynthesis is. Well.

known (Burnett;'1968),the iagt step, the chitin synthetase
reactfon is extremely complex. In general, the enzyme trangf
fers N-acegylglucbsaﬁine from uridine diphosphate—N-écetyl;
-glucosamiﬁe to an endogenous acceptor. The enzyme éhows a
requifement for magnesium ions and activation by N;acetyil

glucosamine (for exehple see Gooday, 1977) . 1In yeaét,ﬁthe

enzyme exists mainlg in an %nactiﬁe state which can be acti-

vated by limited proteolysis 2Ca§ib,and.Farkas, 1971; Ruiz-

6 .
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Herrera and Bartnicki-Garcia, 1974). The latent form is , W

found in the veast plasma'membrane (Duran et al., 1975).

a hodel of the activation of chitin syntﬂetase proposed by - C oy

? > -

Cabib (1975) to explain the d'scohtipuous chitin synthegis

.during veast cell division invglves control of activitv bv

- 4

"an endogenous DrogeaSe as well as an

" inhibitor.

érowth, particularly the'stﬁdy .of cell wall polbmer bio-

ndogenous protease -

In filamentous fungi, chi in~s§nthetase can

|
.0 - .
- . B

also be activated in e digestion but the

tro by prote
~
in vivo actlvatlon ‘mechanlism is n 't clear (Lopez Romero and

.

Rulz—Herrera,

.
"

1976; Ryder gnd Peberdy, 1977)Q

e been found to be able to re-
. 2.

——

Fungal protobiasts h

generate'e new wall and subsegquentlv revert té the normal
4 M - .

state (Villanueva and Gar¢ia-Acha, 1971). These reverting

protoplasts are useful in examining various aspects of fungal

>

synthesis. The reversion process is. relatlvelvrslow and,,

-, -

§
therefore, the events of development are ea51er’to examlne

~

These 1nvestlgatlons of protoplast cell wall biésvntﬁesis - .

-— -

have beenegrlmarlly restrlcted to yeast systems (Necas, 1971)

The present 1nvestlgat10n examrnes chitin blosynthe51s

i
|

This organism was chosen since it is

.~

in Neurospora crassa.

a well studied, representative of filamentous ‘fiungi where the .

- e » [
‘e i

cel% wali structd;e is relatively well known gBunsleQ.and
Kay,';?763.and'it is capable of. releasing protoplasts on di- i
éestion with "snail éut“<enzyhe (Emerson end?ﬁmerson, 1958). .
Examlnatlon of Chltln blosynthe81s in revertlng protoplasts ‘

and the wall- less sllme mutant of Neurdbspora. crassa was

-

- o . .,,.,.—-a-
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CHAPTER I REVIEW OF THE LITERATURE

l.l Cell walls of fungi .- .

Fungal cell gralls are basically eighty to,hihety'per-
cent polysaccharide with the remaining materiaﬁ consisting

of lipid and protein (Bartnicki-Garcia, 1968). ‘Occasionally,

substantial amounts 6f pigment, polyphosphates_énd:inorganic
ions are present, but wide departures from the above oesic“

-striigture are rare., A large number of different mono-

\ o
i «

siccharides have been identified; but, glucose, N acetyl—

glucosamine and mannose are found 1n the . largest quantltles .

' °

and in the majority of fungi. . VE

A generalized scheme of fungal wall structure has been-
proposed by Bartn1ck1 Gar01a (1968) who class;fled fun91 on
the basis _of the two most abundant polysaccharldes present

<+n the wall (Table l) This classxflcatlon is 31m11ar to the

conventlonal classification of fungi bas:;;gn\uorphologlcal

differences but some groups are classified on data from a

51ngle fungal representatlve (Bartn1ck1~Garcia, 1969).' Flve
major polymers are found in fungal walls, cellulose, ch;xln,
S

chltosan (deacetylated form of chltln), gluc&n and mannan.

Cellulose is a linear homopolymer of B-l,A.llnked glucose

units whlle ch1t1n is a linear homopolymer of Bfl 4 linked

N-acetylglucosamlne units. Fungal chitim is referred to as.:

-

a-chitin“(Rudall 1969) where each chitin chain exists;ﬁs a

helix of two residues per turn, nunerous chains are_ held

together by‘hydrogen«bonds to form a bunéle.d In a chit1n-

p
s < -+

[}
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Table 1. Cell wall composition and taxonomy of fungi -
; .

2
oy

Cell wall category %meSOBwo group \\\\ Representative genera

I. Cellulose-Glycogen’ “" Acrasiales .\\wowwmvwo:u<wwsa. Dictyostelium
. L
II.. Cellulose-f8-Glucan Oomycetes -

¥

wrwmovrnSOHm. Pythium
IIT. Cellulose-Chitin Hyphochytridiomycetes .Rhizidiomyces

n

- _H<.m.n:wﬁwsnoswn0mm: Zygomycetes Mucor, muwooawomw

-

,nvwnwslmmdwzom: 03<nﬁwmwoawomnmm . wwwoawamw,qummﬁonHmmmeHm -

) Euascomycetes Aspergillus, Neurospora

’

Homobasidiomycetes .morwuomwmpwcs~.woamm~ Polyporus

P

~

nmwonuwHOEwnmw. nmsmwmm*
*, Heterobasidiomycetes. anudHOUOHQQWQWm.awsoaompﬁﬁwm ;-
. T SRS b . . ! .

-

22

R’ 98 zmbmm:dechom: . mmawmmnoswnwhmm

bR

v
(Y

s
K -

sedt
o

20
R

VII. ’nmwﬁwsnzmbsms

- - ..
-

(e
vy

VIiIi. ‘Galactosamine-Galactose Trichomycetes - .%% »Bomvwmwcam

)

a

vowwamnw

o &

3

"
o
>
ﬁ

. A Y

I
B

* Taken from: .wmunbwmetoanww (1969)
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fibril adjacent bundles of qhéiné‘aré'éntipafa;Iel‘but ail _
members of one bundle run in the same directiok. In contrastl
the le§s stable forms § -and Y cﬁitin have bundles of chains
arringed in parallél fashion or'arrangéa witﬂ.ﬁwo naréllql éo'
one antiparallel bundle (Rudall and Kenchington, 1973). Glu—'{
cans consisf of linear Bﬁl,é, gkﬁcose chains wiéh R=1,6 branch
points (Manners Sg_il" 1973a, 1973b, °1974; Bartnicki:;:;cia,
1966; Aronson et al., 1967; Mahadevan and Tatum, 1965) but

a-1,3 and a-1,4 glucans have also been revorted (Johnson, 4

1965a, 1965b). Mannan, a polysaccharidé-protein complex. >

(Phaff, 1971) makes_hp the largest proportion of veast cell
wal} (Roeigfsen, 1953; Northcote and Horne, 1952): The
maﬁpose is atté&hea to Fhe polypeptide chain in.two way;:
1) short oligosaécbaride chains -are attached via o-mannosyl

. . &
- . bonds to either serine or threonine, and 2) large poly-

polysaccharide_unl s consist of an o~1,6 linked mannose back-

bone wAth short.side chains attached via a-l,2 and a-;;i:
IR Y - hatd

linkdges (Peat et al:,‘l961; Jones and Ballou, 1969a1 1969b;

Kocourek, and Ballou, 1969) . Some modifications can occdr in. -

-

the side chains (BaLﬂou,‘1974).

-«

' Electron micrographs of surface views of fiIamento@s

fungi and yeasts have led to the.generélization_that the cell
~ S .
wall is composed of a microfibrillar element embedded in and,

covered by an amorphous matrix (Aronson, 1965; Burnett, 1968;

. : , ¢

<Matile et al:, 1969). In Saccharomyces, it appears that the
N e N ' . - . .

[,

\ .

i
-l
*
¢
)
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amorphous' surface layer is composed of mannan ,as- indicated

by surface staining procedu§es-(Mundkur, }@60). Tﬁ;s is

_suﬁ%orted by'studies‘on yeaét protoplast formation, where

- a phosphomannase was required to remove phosphomannan. com-

<

plexes before the other polymers could be attacged {Eddy,

1958; MgLellan and Lampen, 1968). ’ '

23& - ' The localiza}ion of polymers in fi;amegg?us_guﬁgi pas
been esé;bliéped through the use of,g‘cgmbinétion of.enzy—
matic digestion and electron microscopy kﬂuﬁgley and Burnett,

¢

y 1970;- Sietsma et al., 1975; Michalenko, 1976). In the chitin- -

B-gluban %roup (Neurospora,‘Schiquhylluﬁ) and the cellulose-

R-glucan group (Phytophthora, Pythium), B-glucan covers an

. . . oo
0 inner layer of either chitin. or cellulose microfibrils.
I . N

(a)'* Neurosporacrassa céll wall structure
-

»
¥

°:_ The first electtron microgiapﬂs of mature Neurospora
(/‘- crassa mycelia indicated a cell wall cdmpqsed of at least two
‘ layers (Shatkin andﬁTat&k,-1959;«Weis§, 1965). Later,
Hunsléy and Burnett (1970) showed. that mature myceldga had.

three layérs of cell wall materiai’wﬁile young mycelia showed

"a less complex cell wall structure (Figure 1). -A detailed

A 4

chemicgj study was carried out by Mahadevan and Tatum (1965)

-~

whghdivided the wall into four" fractions. Fraction I~
(soluble in 2N NaOH) contained a galactosamine polymer as well

as some glucose And protein. °A preliminary examination of éhe:

Al 20 A atn, s n

proteins in this fraction ingibatédasome dégree of.cross link-
ing to sugar residues through an o-glycosyl serihe }inkage

(Wrathall and Tatum, 1973). ‘Fraction II (gpluble in'lN.stb4)

a

’, [
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: Figure 1. Electron micrograph of & Neurospora crassa

mycelium, (magnificatiéﬁ 50,000 x) i &
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A

_layer covered by the B-1,3 glucan. Using a gombination of

fractions; an inner chitin layer covered by a layer consist-.

10

consisted mainly ‘of glucose with some mannose. Fraction III .

(hydrolyzed by Aspergillus nigef cellulase) consisted of

~

only glucoseA(B-l,3 giucan). The remaining fraction, IV,
was chitiﬁ. .Furthet investigation located Fraction I'(glhcan—
peptide~galactosamine) in the outer layer (Mahadevan and

> .
Tatum, 1967) while chitin appeared to be in the innermost

enzymatic hydrolysis and electron microscopy, Hunsley and

Burnett (1970) constructed a model for Neurospora crassa

cell wall later refined by Hunsley and Kay (1976) by employ-
ing immunofluorescent microscopy using antibodies against the

"W .
four fractions isolated by Mahadevan‘afid Tatum (1965). In,

-
this model (Figure;2), the apex wall is much thinner than the

more mature regions of the hyphae and consists of'onlynpwb

ing of a dalactosamine—giucanrprotein complex. The 61d§r
'régions\of the hyphae bécome prégressiyély tﬁickér and more
complex by the additiog of protein'and~%rl;é gluga 6ther
evidence forlthis difference between thg.apical and‘the mature
wall comes from observéd_fluoreécence aifferehces ﬁsing tﬁe

optical brightener Calcofluor White M 2R New (Gull and Trinci,
I

ey

- L 4

1974), fromzexoenzyme secretion studies (Chanb and'Trevithick,‘

“1974) and from direct electron micrograph observation (Tr%nci

and Collinge, 1975). The septa or cross wails'of this o

i'sm show strong fluoresceénce similar to that exhibi
hyphal tips when treated with Calcofluor White M 2R New. Tﬂ§;§

are composed entirely of chitin covered by a thin layer of

0




[y

Figure 2. ° *  Longitudinal model of a Neurospora ¢

hypha showing the cell wall structure
(Hunsley and Kay, 1976)..

A inner.chitin layer

B. glucan-peptide-galactosamine comple

reticulate glycoprotein fibers
(glucan-peptide-galactosamine)

- amorphous_laminarin-like glucan
discrete protein layer

easily removed protein.
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protein (Hunsley afid Gooday, 1974).

1 ¢ ‘
(b) role of cell wall polymers in fungal morphology

- It has become evident over a number of years that there
is a’d%regt relationship between fungal morphogenesis and cell
wall structure (Nickerson and Bartn1ck1—Garc1a, 1964
Bartn1ck1 ~Garcia, 1968; Brody, 1973; Schmlt and Brody, 1976;
Scott, 1976). Neurospora is an excellent organism to investi-
gate the biochemical besis of morphogenesis due to the exis-
tence of over one hundred known morphological mutants.

Whether cell wall polymeg chauges are the cause of morpho-
logical differences or*Vvice-versa is not known but the first
explanation is favored since mutants known to be blo%ked‘in
cell wall synthesis exhibit large alterations in morphology.'
Also, all morphological mutante examined have large chemical
differences in the composition of their cell wells while the

wall~less mutant (slime) and protoplasts are spherical. Mor-
r .

phological mutants of Neurospora crassa in which the cell wall

combosition has been.examined are collectively referred to

as colonial mutants‘due to their compact‘qrowth patterns.
These strains show 1ncreased ratios of ‘glucosamine to glucose
in the cell wall fraction due to decreases in glucose poly-
mers rather than increases in chitin (DeTerra and Tatum, 1963).
Although enzymatlc defects have been found in these mutants

{(Brody and Tatum, 1966, 1967), the relatlonshlp between the

defects and cell wall polymer biosynthesis remains obscure.
. Ly

In addition to"these mutations, one can obtain pheno-

copies of the colonial mutants by adding various chemiocals

7




to the géowth media of the wild type'Strain of Neurospora
'(Tatum et al., 1949; DeTerra and Tatum, 1961; Scott and 'f
Foloman, 1975). . Sorbose has beén féund to be,particularlf
effective in this regard; this compound inhibited B-glucan
synthetase as well as glycogen synthetase in Neurospora
(Mishra and Tatum, 1972). Since only smallﬂamounts of sor-
bose penetrated the cell (Crocken and Tatum, 1967}, ﬁg: ‘
éuggestion was made that f-glucan synthetase was located aE
the cell surface. Another group of compounds which have a
similar effect upon morphology (atropine, theophylline, hispa-
mine and several quinoline containing antimala;ial‘drugs)
lower the endogenous adenosine 3',5'-cyclic monophosphate
(cAMP) levels of'myée}ié. Since éhe morphological mutants
have.normal cAMP levels, the effect of these materials on
¢arbohydrate metabolism is indirect (Scott and Soloman, 1975).
. The -xrole of specific’cell wall polymers like chitin on
the morphology of'fuegi has also beeﬁ investigated. ?o;yoxin
D, a specific inhibitor 6f chitin synthetase: in Neurosgora.
'”crasga (Endo and Misato, 1969; Endo et al., 197pa) inhibited
‘the gro&éh of~hyphae but ;g @id notieifect conidial germina-
.‘tion inﬁt&is organism; possibly this was a result‘of the lag

in chitin synthesis during germination (Schmit and Brody,-

1976). This compound inhibits the germination and growth of

¥ the fﬁngi Mucor rouxii éBartnicki-Garcia and Lippman, 1972a)

,//'anq"Trichoderma viride (Benitez et al., 1976). Wheat germ

“agglutinin which interacts specifically with chitin oligomers

(Allen et al., 1973; Lotan and Sharon, 1973), also prevented

T ACRACREEN IR R




germ tube growth in Trichoderma_viride (Mirelman et al., 1975).

The investigation of the t 6 mutant of Aspergillus

-

nidulans.has suggested that chitin has En important morpho;
logical role in this organism (Cohen et al., 1969). This
mutant has a single recessive'temﬁe;agpfékbensitive'mut;tion
in chitin biosynthesis which could bé\;eversed by the addition-
of GlcNAc or hiéh NaCl (9%) concentrations ta tﬁe growth
medium. The mycelia grown in the presence of NaCl had 15%
of the normal chitin levels. The conidia grown at the non-
permissive temperature.(4l°C) normally lysed (Katz and
.Rosenberger, 1970). The authors initially conciudéd that
chitin was required to ﬁaintain the strength of thé wall but
further inves?i&abipn‘indicated that th& conidial lysis at
41°c was not due to mechanical weaknesg but probably auto-

lysin action (Katz and Rosenberger,.1971).

1.2 “chitin biosynthesis

The direct ﬁathw;y from gluéose-S—PO4 to chitin has been
‘elucidated in fungi (Elgure 3) (Blumengggi et al., 1955;
Brown, 1955 Davidson et al., 1957; Le101r and‘Cagdlgl, 1953;
Lovett and Cantipo, 1960; Reissig, 1956; Ghoéhmgﬁ_gi., 1960) .
Glucosamine, as well as N-aéetylgiucosamine,‘can enter the
main pathway by phosphorylatlon to give the correspondlng 6~-
phosphates (Dav1dson, 1960 McGarrahan and Maley, 1965a, L
1965b; Bhattacharya gg_gl., 1975) .. The chitin prqcursor UDP-~

GlcNAc can also be the indirect precursor of the galactosamine

polymers since it can epimerize at the 4' pqsitién of the

4 -
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sugar moiety in the presence of the appropriate enzyme in

Neurospora crassa to §ive the corresponding galactosamine

compound (Edson anq Brody;'1976).' An osmotic mutant of

Neurospora crassa has equivalent guantities of galactosamine

polymers and chitin (Tre;frhick and Metzenberg, 1966), whereas
normal mycelium contain very small amounts of'the galacto~
samlne polymers (Schmit et et al., 1975). Hence, the. epimerase
reactlon probably does not compete with chitin synchetase
for the UDP-G1lcNAc pool. UDP—GlcNAc was found télbe a potent
feedback inhibitor of the L—glntamine fructcse—G-PO4 trans-
amidase reaction (Endo gE_gl., 1970b; Selitrienniﬁsff et al.,
1976) . | :

- All enzymes ifi this scheme are "soluble“! with the excep-

tion.of chitin synthetase, which is fbund in the particulate

fraction., Uszng Saccharomyces cereviSLae protoplasts, Duran

et al. (1975) showed that chitin synthetase act1v1ty was lo-
cated’ w1th1n the plasma membrane. The.enzyme is orientated in
the membrane so that the UDP GlcNAc blndlng site is towards

éhe-lnterior of the cell since poiyoxin A.(Ki 5 x lQ} M) had
. . . i R . \
no effect upon sphergplast chitin synthesis (Keller and Cabib,

1971) .. The enzyme 1n fllamentous fungl also appears to be -

present in the plasma<membrane (Jan,\1974) ) . !
fs

In the yeasts Saccharomyces cerevisiae, Saccharomyces'

carlsbergenszs and Mucor rouxlr, chitin synthetase existed

mainly in the inactive or latent form which could be activated
[ ‘e - ~

by protease treatment (Gabib andAFarkas, 1971; Cablb, 1972
Y

//,Rulz-Herrera and Bartnickl—Gafcia, l974l3 The, latent form




can be activated in vitro by e;‘:activating factor” isolated
'% from the vacuele'fraétion (Cebib'gg_gi., 19735. The "acti-
vatiﬁg factpr; has been:identified as proteinase E of yeast
Cebib and, Ulane, 1973; Hasilik,.1974; Ulane and Cabib, 1976)
-which can be inhibited by'a.solub%e endogenous protein inhi-
bitor (Cabib and Farkas, 1971; Ulane and Cabib, 1974 Cablb
and Keller, 1971). On the basis of these results, Cabib (1975)
proposed a theory to explain the restriction of chitin synthe-
si; to specific areas (pudlscar)fand times (budding) during
yeast growth. Aceordiné to t@is contention,the.latent chitin
syntnetase exists in the entire membrane and is activated at
specific times by a protease transported to the correct site
by ¢vacuoles. , ‘
Chifin synthetase frem filamentous fungi also exists in

a latent form which can be activated By protease digestion

) (Ryder and Peberdy, 1977 Lopeg:Romero and Rulz-Herrera, 1976;
i

Archer, 19773. The gdentltles of the endogenous proteases and

possible inhibitors have not been pursued, but in Neurospora

crassa, a protease-inhibitor system has been found (Yu‘gg_gi.,
1973; Lampkin IV gg_gi., 1976).’ Whether this bro ease system
affects ch{tiﬁ sfnthetase remains td, be d£;;§%£xa2ed.

’ Chitin synthetase has been foe:ZF?EQQe difficult to puri-

fy, presumably due to its integral position in the membrane.

The enzyme from Coprlnus cinereus has been solublllzed using

the detergent dlgitonin (Gooday and de' Rousett-Hall 1975) .

\

L
It had a large molecular weight (several million) which could

‘M

N

N RS <.
TR




o m ewmep w mmacwa v

e

P

be reduced to 150,000 when treated with ZOd mM NaCl; possi-
bly thg enzyme is a multimolecular aggregate (Gooda?, 1975,
1977). Incﬁbation-ofncruée‘enzyme_preparatioﬁé from Mucor
rouxii with UDP-GlcNAc'resulted‘in&; small degree of solubi-
lization of chitin synthétase (Ruiz-Herrera and Bartnick;-
Garcia,  1974). Also, high speed centrifugation of crude ex-
tracts left ten percent of the total activity iIn the super;
natant (Ruiz-Herrera et al., 1975). Both "soluble" prepara-

/ Al
tions from Mucor rouxii actually consisted of large granules

(M.W. 7 x 106)'of chitin synthetase referred to as "chito-
somes" (Bracker et al., 1976; Ruiz-Herrera gg_gl., 1977).

. In‘general, all chitin synthetases transfer GlcNAc from
UDP-GlcNAc to an. endogenous acceptor. All enzymes are acti-
vated by or rgquire Mg++, are activated By GlcNAc andJinhi- ?
bited_ﬁy polyoxin D. The pH optima range from pH 6 to pH 8

-4

and the Km's for UDP-GlcNAc vary between 5 x 10 "M and

3 x 107 3M (Glaser and Brown, i957; Jaworski et al., 1965}
Porter and Jaworski, -1966; Camarago gg_gl‘, 1967; Endo gg_gi;,
1970a; McMurrough et al., 1971;_Ke11er and Cabib, 197 ; Jan,
1974; Peberdy and Moore,.l925; Gooday and deRouséet-Hall,
1975; Moore and Peberdy, 1976; ﬁopez-Romero and Ruiz-Herrera,
1976; Ryder and Peberdy, 1977). At low subst;ate concentra-
tions, the enzymes gave sigmoidal kinetics bdt'iq.phe presence
4 - 1 x 107%M) the sigmoidal nature of

-~ f

the velocity-substrate concentration plots disappeared.

of GlcNAc (Ka 6 x 10

The nature of the endogenous acceptor is unknown. Enzyme

P
I R
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was an effectivé competitive inhibitor of the enzyme chitin °

activities from different sources vary in thelg response to

N

the addition of "primer" chitodextrins. Effects ranging from

an absolute requirement for actibity’]Glaéer and Brown, 1957)
to iﬁhibition have béen describgg (Peberdy and Moore, 1975).
- E 3 . v

One could understand a lack of effeig,in crude preparations

due to saturating endogenous levels of acceptor but even

A

pdfified C. cinereus preparations (Gooday and deRousset-Hall,

1975) have no "primer requirements": - \\

(a) inhibitors of chitin synthesis P J

Polyoxins are a family of nucleoside antibiotics pro-
»

duced by Streptomyces cacaoi (Isono et al., 1965, 1967, 1968)

which inhibit fungal growth. The degree of inhibition of:

growth of Colchliobolus miyabeanus by several polyoxins corre-
lated well with the inhibition of the incorporation of *m)
glucosamine into chitin (Ohto et al., 1970). Polyoxin D

» . .
(Figure 4) had no effect on respiration, protein or nucleic

acid piosynthesis in C. miyabeanus or Neuroépora crassa but

-

5

synthetase from either organism (Ki 10 M - 10-6M) (Sasaki’

-

et al,, 1968; Hori et-al.,, 1971; Endo et al., 1970a). Poly-

N
oxin D was also‘found to be a competitive inhibitor of chitin

synthetase from Mucor' rouxii (Bartﬁ%c&i4Garcia and Lippman,

« . ﬁ, .
1972) and Coprinus cinereus (Gooday et al., 1976).

Nikkomycin “is another nucleoside antibiotic isolated
from the fermentation broth of S. tendae similar in structure
to the polyoxin family and also an inhibitor of chitiﬁ syn-

thetase in M. hiemalis. This compound however, also inhibits
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RNA synthesis in this organism (Dahn et al., 1976) .

Kitazin P, a synthetic organophosphorus compound
%
(Figure 4) inhibited chitin synthetase in Pyricularia oryzae
.,

. - $ .
{Misato and Xakiki, 1977) and caused the accumulation of

aBDP—Glchg in vivo (Maeda. et al., 1970) . It had no effect
on respiration, eorotein or nuclelc ac1d synthesis (Kakiki
et al., 1969).

+ 1.3 Glucan bioéynthesis

) )
Very little is known about this area in fungi. 8-1,3-.
glucan synthetases have béencgpund in particulate prepara-

‘tions from Neurospora crassa (Mishra and Tatum, 1972) and

Phytophthora cinnamomi (Wang and Bartnicki-Garcia, 1966)

which apparently use UDP-glucose as substrate. As with,

d’fchltln synthetase, the enzvme from P. cinnamomi was stimu-

lated by’trypsip digestion (Wang and.Bartnicki-Garcia, 1976).
. * - - B

1.4 Insertion of polymeérs

It has lpng been known that filamentous fung1 grow apl-
cally (Grove et al., 1970; Butler, 1961; ‘Marchant and Smlth,
1968) but the location of polymer insertion into the wall '
was in doubt.. Burnett (1968) interpreted early wori'with
Phycomycetes to indicate that these elements were 1nserted

 rm—

at a region behlnd the tip. However, autoradiographic studies

-of various polymers in different fungi have jnﬁ%gated that the

‘wall polymers are inserted at the extreme tip (Bartnicki-

1

Gafcia and Lippman, 1969; Katz %nd Rosenberger, 1970 1971‘

-~

Gooday, 1971).

During the mlcroscoplc examination of hyphél tlps, a

- A




dark staining apical body referred to as'“Spitzgnkorper“
{Brunswvik, 1974) can be seen_clea;lv. It was associated
only with a¢tively growing hyphae and disappeared.whén growth
was arrestéd (Gipardt; 1955, 1957; McClure ggﬁgl., 1968) . '
;'Electron microgr&phs identified'this apical body ﬁs,a‘farge ’

concentration of cyéoplasmic vesi;les (Grove et al., 1976).
The vesicles fuse with, the hyphal tip during growtg, thus
expanding the ﬁlasma membrane. Tge vesicles give a positive
periodic acid reaction for carbohydrate (Heath et al., 1971),.
but whether or not they contain material for cell wall bio—ﬁ
synthesis must await further &harécterization.

fhe hyphal tip is very sensitive %o var}ous exteﬁnal
factors. gn the presence of water, hyphaé of most species
burst at tﬁe tip (Robertson, 1958, 1959; Bartnicki-Gareia and
Lippman, 1972b). The bursting is nét just an qsmotic phe-
nomenon, as a large numbef of other agents also tribger bﬁ};
sting. Lysozyme, as well as tﬁg:antibiotié polyoxin D cause
bﬁrsting of the apical tips of M. rouxii (BSYtnicki—Garcia
and Lippman, 1972b). It has Been suggested that apical éro@th
Was a fésult of a balance between cell wall degradaéion and
cell wall synthesis (Bartnfckijgarcia, 1973). Little evé—
dence for this model has been given but lytic enzymes are
found to be associated with the fungal cell wall (Mahadévan
and Mahadkar, ;970;'Ploacheck and Rosenberger, 1975).

As in tée growing ﬁyphal tip, budding veast show a large

number of vesicles concentrated in the areas of the bud

(Bowers et al., 1974; Cortat et al., 1972; Moor, 1967;




Sentandreu and Northcote, 19%9) which are thought to be in-
leved in the. synthesis of thé cell wall (Cabib, 1975).

. Cortat et al. (1972) found that the vesicles appeared to

" contain glucanase activity which could ?;ninvolved in the
h“

“initial softehing of the wall. The mec ism for determining
the bud site and initiating bud formation remains unknown. -

1.5 Protoplasts

<
(a) general properties

o

The term "protoplast" refers to the spherical cell de-

rived ffom a walled vegetative.ca%i by removal of the entire
cell war&. Originally, the term was uséd in reference to
bacterial systems (Weibull, 1953), but this has'been extendgé
to encompass a variety of walled organisms, includiﬁg fungi,
(McQﬁgllen} 1960). Brenner et al. (1958) pué forth a;sgrieg

' of criteria for,bactefial prqtoplasts which have also been
applied to other systems. The termzspherdplast Qas used when
residues of the cell -wall remained attached to the plasma _

V membrane . Ihcpractice, criteria for prot@plasts include os-
motic fragility and the loss of r@éidity resulting in a
spherical form (Villanueva, 1966)., Both protoplasﬁs and

'.spherdblasts satisfy these criter@s\aﬁd the quéstion has to
be approached in more spgcific terms.

In fungi there is no identifyiné marker for cell walls,
unlike some bacteria where diaminopimelic ac;d pfovides a
copVénien£ chemical marker. Electron microscopy (Necas, 1971;

Peberdy, 1972) and fluorescent dye studies kPeﬁﬁrdy and Gibson,‘}

1971; Gull et al., 1972) of fungal protoplasts have shown that




most protoplasts lack cell wall residues. The mode of proto-

plast release (extrusion tﬁrough,a pore, leaving the undi-

. . e
gested wall) (Peberdy, 1972), also suggests that protoplasts

lack cell‘wall material. Although this evidence eliminates

. ninety-five percenf of the wall material from the protoplast,
one must make the differentiation between the terms prote--
plast and spheroplast on strictly relative grounds

Protoplasts are normally obtalned through the action of

".specific enzyme preparations (Villanueva and Garcia-Acha,
1971). Metabolic disturﬁanceumethods (Hamilton and Calvet,
1964; Cohen gg_gl.,.1969£ Berliner and Réca: 1970) and mech-
anical fractionation ﬁethods (Necas, 1956) have been tried
with limited success but the enzymatic procedures yield more
protoblasts. The abllltv of the dlgestlve Julce of the snail

Helix pomatla to attack fungal cell walls was flrst noted by -

Giaja (1914). Since this time it ‘has been success'fully used

[

Y . . ¢
to obtain protoplasts from yeast (Eddv and Williamson, 1957;
Svilla et al., 1961; Longley et al., 1968; Lebeault et al.,

1969) and filamentous fungi (Emerson'and Eme¥san, 1958;

’

Bachmann and Bonner;‘l§59; Strunk, 1969). Other enzyme. pre-

parations derived from bacterial strains such as gtrepﬁomyceS'
14

(Garc1a~Mendoza and Villanueva, 1962; Rodrlguez—Agulrre et al.,

1964; Bartnlckl Garcia and Lippman, 1966; Sietsma et al.,
1967) or fungi such as Trichoderma (de Vries and ﬁeggels,-
1972, 1973, 1973).have Been used successfully. The enzymafié{
dlgestlon methods have also been.appl;ed to conldia (Bachmann

| oy,

and Bonner., 1959; WEISS, 1965; Garc1a-Acha et al., 1966 1968)
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with 1imitéd success.

Aquatic Phycomvcetes produce flagellated zoospores which

lack a cell.wall (Cantino et al., l963)‘andﬁhave been re-

éafded as "natural! protoplasts (Bartnicki-Garcia and Lippman,
: -~ S

1966). Thev -are much more stable to changes in osmotic
o ' - pressure than protoplasts artiiﬁgallv derived from mycelium,

Another "natural"” protoolast .system is the slime mutant of

Neurospora crassa which apéarently grows as a single wall-less

cell (Emerson, 1963).

Protoplasts have numerous advantaqeg over normal mycelia
in examining yarioﬁs features of qu;al metabolism. Proto-
plasts are easiiv broken and have. been used for the prepara-
tion of cell.méﬁbranes (Boulton, 1965; Garcia-Mendoza and
Villanueva, 1967; Longley et al., 1968) and various other cell
organelles including nuclei (Eddy, 1959), vacuoles (Svilla and
Schlenk, 1960; Matile and Wiemken, 19§7) and mitochondria
(buell et al., 1964). Recently, protoplast fusi;n studies
have become important;‘particularly.in relation to plant sys-

- tems (Cocking,. 1972), but this aspect has also been investiga- -
ted in fungal systems (Anne énd Peberdy, 1975, 1976). 4n ‘ -
important use has been in the investigétion of cell wall bio-

. synthés;g since they have the ability to revert to normal
growing cells. Most investigations in the past have concen-
trated on reverting yeastlpgotoplast systems (Necas, 1971)

but now investigators are turning to protoplast reversion sys-

P

tems of filamentous fungi (Garcia-Acha et al.; 1966; Moore and .

- .
o e e —

Peberdy, 1976; Peberd& and Gibson, 1971).

ey RN T I I IO St Py
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(b) protoplast reversion and cell wall biosynthesls.?'

In the field of protbplasts, the term regeneration_is
used in referernce to tne ability of the protoplast to syn-
thesize new’cell-wall material; the term revenslon is used
in reference to the abilitfro} the prqtoplast to return to
the form from which it was derived (i.e. hyphal growth). '
Svoboda et al. (1969) have pointed out that tne study'of
protoplast reversion enables-one to trace a.graduaI construc-.
tion of 51ngle wall components, trace these'components in *°

their arrangement in the overall cell wali trace regulatory'

-~

-mechanisms, and relate the cell wall to,other structuresu '

I3

Progress has been made ir all of these areas, partlcularlygj“

with protoplasts.of “the yeast . cerevisiae. ﬁrotoplasés of

5. cerevisiae produced aberrant cell-walls, flbrlllar 1n na*

§rture when placed. in llquld ‘mutrient media (Necas, 1965,
Kopecka et al., 1967). 1In contrast, protoplastséblaced in
agar or gelatin media reverted quantltatlvely to normal cells
(Necas, 19§1; Svoboda, 1966; ‘Svoboda and Necas, 1966) where

* the wall consisted of both a flbrillar'and amo;phous matrik
components. Thls ohenomena allowed the studv ofe ach com~'

-

ponent sep'rately. Chemidal analysis of the fibrillar ﬂ!-

terial orlgﬁially showed mannose, glucose-and large amounts

.0of glucosamine (18-20%) (Eddy and Williamson, 1959 Garcza-
Mendoza and'Novaes~Ledieu, 1968), the latter being derived .

v /
from chitin (Necas, 1971). Bacon et al. (1969) subsequently
4

demonstrated contamination of the protoplast preparations with

- ¢

‘ bud scars which are mainly chitxn.. Further examination
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. 4

(K;egér and Kopecka, 1975) revealed that in fact chitin was
pagt of the fibrillar structuré?’ The percentage of chitin
in this fraction was considerably "larger than the one pgrcent'

. -
by weight in normal cells, indicating that a considerable por-

" tion of the wall was missing.

THe glucan portion of this fibrillar elément lacked
B-1,6 branch points foupd in normal cell wall glucan»fManners-
gg;§£~7 1974), possibly accounting for the longer chain length
"of the glucan (Kreger and RKopecka, 1975). The formation of -
glucan was not affected by the proteolvt&c enzymeé tr?psin or:
pronase and hence was not svnthésized on thg §uffacegof the

ey

plasma membrane (Kopecka et al., 1970). Also, cycloheximide °

. . ( )
had no effect on fibrillar 8-1,3'glucan biosynthesis (Necas

gt al;, 1968;\Soskova et- al., 1968), therefore, glucan syn-

a

thesis was independent of protéin synthesis. Inhibitors of

polysaééharide synthesis like 2-deoxvglucose (Farkas et al.,h
. g \ e as

1976; Johnson, 1968) ai§ inhibit the 3yntﬁesis of the fibril-

lar material (Farkasvgé_glt, i970; Svoboda et al,, IQGQ).'
‘The amorphous métrix consisted of poiysacchafides (mannan

and amorphéhs glucan), protein and lipid (Necas, 1971). Its

formation waé a function of the physiéal properties of the

~— ~

sufrounding medium (Nécaé, 1961, 1962; Necas and Svoboda,
1967). In liquid medium protoplasts continued to produce

mannans (Lampéhf l968)£ vet, ndrma} walls wérednét formed,
°indicating that some of thgvmatrix materials wére lost®into
the medium.b In contrast £§ glucan synthesis,'matrix forma-
§§ .

ion was inhibited by cycloheximide (Necas et al., 1969) and

A




hence required protein synthesis.
e,
The requlrement of so0lid medla in the~rever51on process

N ?’

occurs in all the buddlng veasts examlned S‘/carlsbergen31s
-

(Svoboda and Masa, 970), fragllls (Rost and Venner, 1965)

and-S., utilis (Svoboda,-1967) ) Non—buddlng veasts were able

to undergo complete rever51on in> llquld media. In Schizo-

-

saccharomyces pombe orotoplasts (Svoboda, 1967), a dehse flb—

rlllar network was synthesxzed before the appearance of the

L4

matrix components, and perhaps it prevented the loss of the

- -
. I

matrix material.
. The description of protoplast reversion in mycelium-
forming fungi has.not progressed as'far as the yeast systems.
In contrast to the Budding yeast,..all filamentous fungal
prot0plasts were able to revert to. normal mycelium in 11qu1d%
media (Bachmann and-Bonner, 1959- Garc1a-Acha et al., 1966;
Sietsma and DeBoer, 1973; Peberdy and Buckley, 1973; de Vries
and Weseels, 1975). Reversion has ih all‘caSes-fo;lowed var-
ions.combinations of tHree patterns described by Gartia=-Acha

" et al.,(1966): 1) formation of a:chaln of yeast- lrke forms,
the last of whlch produces the germ ‘tube, 2) olrect formatlon
of the germ tube from the protoplast and 3) formation of a
bud or globular form from which the germ tube arises. . The
31gnlf1cance or cause for the three patterns of reversron is -

unknown. As in the case of yeast, regéneration-startézﬁith

-

the production of a microfibrillar network surrounding €he

-protoplast (Sietsma et al., 1975; Benitez et al., 1975).
After a time lag (variable in differentlé?stems, the germ

tube forms. . ' . .
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Biochemical studies .on the xeversion process had been -

1acking.unti1 the recent examination of wall polymers in the

Schizophyllum communé reversion sequence..(de Vries and

‘Wessels, l975)j£g ‘Cycloheximide inhibited protein synthesis

P
" D
.

by ninety-eight percént but had no effect on chitin'svnthe-
515 or o-1,3 glucan (S glucan) synthe51s although g8- l 3 glu-
.:..can (R glucan) formation and reversion to hyphal growth was
‘~1nh1b1§§F.' Polyexln D inhibited Chltln and R glncan_synthe—
‘sis as, well as. reversion- to hyphal growth. These results
seemed to 1mpllcate R glucan synthesis as a requirement for
the 1n1tiat10n of hyphal growth. - -

; «
m’ The regeneratlon of Asperglllus nidulans and A, flavus

protoplasts was stimulated by the presence of GlcNAc (Peberdy

<

-and Buckley, 1973; Moore and Peberdv, 1976). The levels of
\Chltln synthetase acthLty gradually 1ncreased during rever-—

51on; the addltlon of GlcNAc enhanced thls 1ncrease in the
- .,Q - ’
enzYme._ These results suggested a close relationship between

‘ >

Chltln synthe51s and protoplast rggerSLOn. Conldlal\proto-_

&

plasts of A “flavus whlch ‘had very low initial 1evels of chitin

i

synthetase compared to theqmycellal protoplasts can.also re-

_vert but the}hegree of reversion has not been documented

z

Zoospores undergo a srg;lar sequence of events between«

I3

the zoospore and the formatlon of a germ tube. thtqghthora

s

palmivora zoospores first lose thelr flagella then undergo a

A

<.

’ [

rapid enpystment stage fo%lowed by germination and;formation-

of the germ tube. Durlhg enéystment the naked zoospores syn-
. ; Te - J

D
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thes1ze mlcroflbrlls (Tokunaga\and BartnlckL-Garc1a, 1971b) -

t\ #

™
and then produce a germ tubevwhlch conelsts Qf microfibrils
covefeﬁ‘with an amorphous material. The _amorphous matefial
~

in Phytophfhora- was B -1,3 glucan whlie the mlcrofibrlllar

X f“
ages) Thé ncystment’process could be svnchronlzed by agi-
P -
tatlon and was complete w1th1n flfteen mlnutes (Toknnaga and o

elements w?mlxtures of B- glucans {1-3, l 4 and l -6 link-

B ‘ Bartn;ck1-Gard1a, 1971a). The, cyst wall glucan qpparently ’
originated froﬁ‘}nternal water-soluble glucansu‘ Similar .se-

quences occurred in‘other zoospore gysteﬁ% (Kfoh et .al.,’

1976). Ddring early stages of encystment, the Phytophthora

@

palmivoia zoospores showed a strong adhesive phase (Sing and
Bartnicki~Garcia, 1972). This involved the secretion of a -
glycoprotein material from a=pef3pheral vesicle (Sing and= °

Bartnicki-Garcia ‘1975a, 1975b) .

) 1.6 Polyprenoid intermediates and polysaccharide biosyntheéie

- The‘first report of an alcohol” soluble intermediate in . .

1

. . o
i Lo polysaccharide biosynthesis came from investigations of cellm-

lose synthesis in Acetobacter xylinum (Colvin, 1959).

Sevefal years passed before this observation was followed -

& I

with the discovery of similar intermediates in cell wall pep-

e nen ainie -

' tldoglycan synthe51s in Staphylococcus aureus and’M;crococcus

Lysodeiktlcus (Anderson et al., 1965). Intermedidtes were

- N found 1n the synthesis of a large number of bacterial poly-

saccharldes, the O-antigen portlon of lipopolysaccharlde cell
envelopes (Weiner et, al., 1965; erght et et'al,, 1965 1967),,

the teichoic acid polymers (Baddiley, 1972) and the mannan

s




-
polymers (Scher and Lennarz, 1969). The intermediates were

identified as undecaprenol (C isoprenoid alcohol ) attached

55
via a pyrophosphate bridge to the aﬁbropriate sugar moiety
(Higashi et al., 1967, 1970). = -
"‘\ Although most of the early work concentrated on bac- .
terial systems, recently, more emphasis has been placed on
the role of isoprenoid intermediates in mam¢alian glvco-
protein systemsigWaechter and Lennarz, 1976). In. these sys-
tems, the isoprenoid family dolichol (I-dihvdro-XV, XVI~-
ditrans-polycis-prenols Cy,,) {Evans and Hemming, 1973)
accepted sugar residues from guanosine.diphosphateamanndée:
or uridine diphosphate N-acetyl glucosamine and subsequentlv

N

passed the sugars on to appropriate acceptors.,

(a) "lipid Zatermedlates in fungal polvsaccharlde bio- ¢

synthes{s

.—_——ﬁr:)-—' Py - ) .

The first report of a lipid intermediate in fungal sys-
tems came from an investigation of mannan biosynthesis in

Saccharomyces cerevisiae (Tanner, 1969). The lipid which

appeared to be dolichol phosphate (Tanner et al., 1971, 1972;

Jung and Tanner, 1973) accepted mannose from guanosine di-

- phosphate mannose and subsequently transfe¥red the mannose to _

threonine or serine on the-protein backbone. The remaining

. mannose units were added’ V1a guanosine diphosphate mannose

4

directly (Babczinski and Tanner, 1973; Sharma et al., 1974;

Lehle and Tannerf 1974) . The oxher mannose chains which are

>

attached via a GlcNAc~-GlcNAc- Asparaqlne llnkaae are. attached

2

“dlrectly frém GDP-mannose (Lehle and Tanner, 1975).. The
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-
, various linkages of mannan, «-1,6, a-1,2 and a-1,3, involve

different specific mannosyl transferases (Schutzbach and

‘Ankel, 1971; Schutzbach et al., 1974; Nakajima and Ballou,
1975 Farkas et al., L976). A similar mechanism has been

described in the yeast Hansenula holstii (Bretthauer and Wu,

1975; Bretthauer et al., 1973; Bretthauer -and Chen Tacky, p
er 2~ p

1974). The synthesis of the chitobiose unit apparently also

lnvolves a dolxchol lntermedlate. Lehle and Tanner (1975)

identified dolichol-PP-GlcNAc and dc;lichol—P—P-(GlcNAc),2 in. -

reactions involving UDP-GlcNAc and S. cerevisiae membrane

'preparations.

' In Aspergillus niger, mannan Qiosynthesis also involved

- . a polyprenol type. intermediate }Barr and Hemming, 1972a;. -

" Letoublon et al., 1973). The polyprenols were identified as

an exo-methylene hexahydropolyprenol family (C (Barr

70'Cgo)

! + and Hemming, 197§b). Neurospora crassa membrane fractions

(Gold and Hahn, 1976) catalyzed similar reactions.
_— %

Varlous lnvestlgatlons have indicated that polyprenols
appear to have no role in the formation of glucan-or chitin

polymers. Saccharomyces cerevisiae wds not able to form

»

lipid intermediates from UDP-glucose, neither in whole cells
treiggd with toluene (Sentanareu et al., 1975} nor in crude
membrane preparations which were capable of forming poly-

\  prenoid sugars from the substrate GDP-mannose (Lehle and

Schwarz, 1976). Thé%e types of intermediates have also been -

looked for in relatiogn to chitin biosynthe51s,.yet, they have

[P SOV

3

_not been detected (Endo et al., l970a, McMurrough and
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»7‘.4‘ .
e

- Fl -
intermediates participating in chitin biosynthesis comes

.

- - - .
Bartnicki-Garcia, 1971). The best evidence against lipid -
s . - [

from investigaﬁions of the mode of action of the antibiotic

<
tunicamycin, produced by Streptomyces lysosuperificus

(Takatsuki et al., 1971). It specifically inhibits the for-
mation of polyprenol sugars from uridine diphosphate-N~acetyl-
glucosamine in calf liver microsomes (Tkacz and Lampen, 4975),

B -
B, subtilis membranes (Brettinger and Young, 1975), and

S. cerevisiae membranes (Lehle and TanﬁgE, 1976¢). It had no
’

effect on gchitin biosynthesis in veast” (Kuo angﬁLampen, 1974,

1976)%

e

» [
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. . . CHAPTER 11 MATERIALS AND METHODS .
L% .-
" MATERIALS ST ‘ _
e L . ) . ~

.

T . ) .
o Calcofluor White M 2R New was & kind gift from Dr. J. R.

- M o0 >

'Trévithiqk (Department 6f_Bioche%is;rv, University of

Weétern_Ontaf;o)'aﬁé Cvanamid of 55na§a Ltd. -
: xmin’c')pal BOPT :was, a gi?t from CIBA-GEIGY (U.K.) Limited.
. Pol&oxin D yas a gift from Dr.' K. Isono (Institute of
. ‘ Fﬁyé@cai:énd Chemical Research, ﬁéko;shi,ﬂﬁaitama, Javan) . ~
,\ ) ) \Kitﬁzi‘n ;wa:s' ‘é, gift from br. Y. Uesugi (National Institute
1 Tfr ‘ of ;éxighlturai Chemicals, Nishigahara, Kita-Ku, Tokvo,
P .
Japanf: *5 J . , : h ’
Suc D'Helix poﬁatfﬁ wds obtained froﬁ‘L'Industrie.Biologique
Francéiséf 35, Quai-du Moulin de Cage, 92 Gennevilli;is,
- "ﬁ}ance.l: ' i ’ \
"chemicals r supplier
‘ N~acetyl ﬁ~glucosamine¢ / SigmaﬁChém. Co.
a-;mylaseA(pancreatic, type 1-A) Sigma Chem. Co. ,
Amylo-a-l}4-a—l,6-gl§cosidase Boehringer Mannheim )
Rovine serum albhumin B ; ?igma Chem. Co;
- Cﬂiginase (Szfepto&yceé ICN Pharmécgutica&s Inc.
griseus) :
Chitin (practical grade) . Eastman kodak Co. . - ;
3
Cyséeipe-HCl,_monohydréte Mann Research Labs. Inc. . ‘.g
Deoxyfibonucleic acid : Wortﬁing&on Biochemicals - _ " A
(c#lf thymus) . . K
o ‘ - A/N'-Diacetylchitobiose Sigma Chem. Co.
~f do-dianisidine hydrochloride B Sigma Chem. Co.
, .35




-

’

-, ,ﬁ, ,
EDTA (dipotassium salt) ) British Drtg Housq*;td.

Fructose 6-PO4, disodium Sigma Chem. Co.
salt (grade I) .

Galactosamine-HCl . Sigma Chem. Co.
Gluigsamine—ﬁCl ) Aldrich Chem. Co.

Glucosamine-6-P04, sodium Sigma Chem. Co.
salt (grade II) : '

rlucosamlne 6- H(V) -HC1 Neéw England Nuclear iCorp.
(10.113 Cci/mmole, 20.7 Ci/mmole) '

L-glutamine ~ " . Nutrifional Biochem. Co.
Glucose oxidase (type V) . Sigma éhem.'Co.

Glycogen (type 11@\ - : ' Sigma Chem.

Peroxidase (type I)_: . ' \Sigma Chenm.
Phenylmethylsulfonyl fluoride Sigma Chém. Co.

Try051n (type I) . ) " ~_Sigma Chem.,Co.

Trypsin inhibitor . Sigma Chem.. go;
(soybean type I-s) : '

UDP-GlcNAc, sodium ‘ Sigma Chem. Co.
salt (grade I)

UDP—N—aéetyl[U-14C]G1cNH2 ) -Amersbém/Searle
armonium salt . - . £ -
(300 mCi/mmole)

UDP-N-acetyl[6- H]r'lcNH2 New England Nuclear Corp.
(6.6 Ci/mmole) . .

Other chemicals and solvents were obtained from either
) - : :
the Fisher Chem. Co. or Canadian Sci‘ptific:Products Ltd.
METHODS

2.1 Organisms and culture cohdfzions

‘ Neurospora,crasgzﬁwild type (F.G,S.C. no. 987) (obtained

from the University of Western Ontarld?ﬁBotany Department .

Culture pollection) was maintained on Fries minimal medium

A e e st




(no. 35 slants supplemented with 1.5% sucrose and 2% agar
(Beadle and Tatum, 1945).,° Large quantities of conidia were
obtained from 1-2 week(s) old Roux bottle cultures initially

seeded with conidia from slant cultureg. Roux bottle cul-

.

tures were grown in the light at 22%. Coﬂidia (1 x 109)
~were washed from the Roux bottle cliltures with water, fil- ’
tered through glass wool,‘concentrated by cgntrifugatidn and

introdyced into 200 ml flasks containing 50 ml of liguid
. i R ) - ’
medium. For enzyme assays; young hyphae were harvested by
. Y - -.
filtration after ihcubation on a gyrotory shaker (New -

K

Brunswick, 200 rpm) at 30°C for 24 hours. For protoplast

b -

formation, young hyphag,were grown for 11.5 hours and har-

vested by centrifugation (Sorvall .RC-2, 10 minutes, 27,000 -

X g, SS-34 rotor).

i
gl

A growth curve for the wild type strainiﬁas consfructeqry'

v

by filtering the mycelia at the specified times,.drying the

resulting mat for 24 hours in vacuo over P205 and ffnally

~ weighing the dried mat (Figure 5). ’ N

- - .

The Neurqépora crassa slime mutant (F.G.S.C. no, 1118)

[fz (no number), sg (no number), and os-1 (B1l35A)] was é kind
gift from Dr. %. Galsworthy (Department of Biochemistry,
University of Wesgern Ontario) . Celiskéere grown at 30°C’for
72\hedr§;6n agar plates of Vogels medium N (Vogel, 1956)
sﬁpplementgngith 2%»suc:d§e. fen Aga; disks (l.b cm diameter)

#were used to innoculate 250 ml flasks containing 50 ml liquid

S

medium supplemented with 2% sucrose, 2% mannitol, 0.75% "

nutrient broth and 0.75% yeast extract. CuTtures were grown at
. %




4

-

¢

30°C. for 44 hours on a gyrotory shaker (120 rpm). A growth e

curve was constructed bv reading the optical densitv of an

7

aliquot of-cells at 600 mp (Figure 6):. Cells were. routinely -

isolated by centrifugation (700 x g, lo‘minutes);

- -

All culture transfers were conducted under sterile con-

ditions using a laminar air flow chamber (Environmental Air

Control Inc.). \ -

2.2 JGérmination of ethylene glvcol treated conidia

»

. Conidia™were .isolated from Roux bottles as described with

the exception that they were allowed “to rémain in water after

S

filtration for at keagt one hogr prior to isolation by centri- -

fﬁgation. Conidia (1" x 109) we?e innoculated intdo 50 ml of

Vogel's liquid medium containing 3.22 M ethylene glycol

(250 ml flasks) (Bates and Wilson, 1974). The cultures wére-
ﬁriqggpa;ed on gmgyxotoryushaker.(léO«rpm}~at‘2590“for“thé*s£atéﬁ:

times. % . S

)

At specified times, 10 ml aliquéots of the growing cells

were pipetted into a 200 ml Erlenmeyer flask and incubated at

259C in a slowly shaking water bath: (4 spm).'.Growth medium

»

without thqlgthylene glycol was added using a peristalic

pump at tﬁe following rates: - 1 ml/min for 10 minutes, 2 ml/
——-— h £
‘gﬁn for 10 minutes and 4 ml/min for 15 ming%és (Bates and

o

&
Wilson, 1974). Samples were removed at various time inter-

s rmn g 81 5

vals, examined by phase contrast microscopy and counted using

a-haemocytométer. - : . - - -

i
'
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"2.3 Protoplasts

(a) * preparation - . c

[\

Protoplasts were prepared by g'modification of the method
of Bachmann and Bonner (19595.Q The harvested mycelia (from 50
ml growth mediuﬁzrwere washed twice with '0.1 M ROy 5uffer, pH

3.8 containing 26% s;crose. The material.qu.takep up %nn9.5

ml of the same buffer and transferred to a stgrlie 25 ml] Erlen-
mever flask. "Snail gut" juice'(O.S ml) waé addeq agter treat-
ment with 0.025 ml of a 1% cystéine-HCl1l solution, in the same,

buffer which had been sterilized bv passage through a Gelman

’

. Metricel fllter—type GA-8, pore»51ze 0.20 p. The resqltlng sus-

>

pension was incubated at 30°C in an Amiﬁo-Dubndf? reciprocal
shaker (40 spm) for .15 hours. All the above procedures .were

1] - kg : . * .
carried out under sterile conditions., For large scale proto-

2.
.

plast production, the procedure'waé scaled up ten .fold.’
(b) isolation o B

The "snail gut" incubation, mixture was passed ‘through

i ® . ..
glass wool to remove hyphal fragments. The resulting solu-

F 3 - ’ . + s

tion das centrifuged at 200 x g for 10 minutes and the .super-

natant was further centrlfuged at 2000k g for 10 mlnutes.

The protgplast pellet was washed3w1th.reversion medium (normal
growth medium supplemented with 203% sucrbse)'qnd then dis>  ‘°

persed Qéfy gently in 5.0 ml of reversion medium. ‘Allpro-

cedures were conducted under sterile conditdons. .

N -

(c) reversion S . .

v 4 .

Reversion was carried out in 25 ml Erlenmeyer flasks con-

taining 5 ml-feggféion medium and a total of 5 x 108 proto-
- N - * . )




/ .
plasts. The flasks were inpcubated in a reciprocal shaking

" water bath (40 spm) at 30°C for the svecified times. The aeg-
ree of reversion was determined by_counting the number of pro-~
toplasts which had formed germ tubes after brief sonication

(MSE ultrasonic power uni; - 1.5 amps) to separate the clumped

cells.

2.4 Microscopy
(a) light microscopy

H
The protoplasts were counted with a haemocvtometer using

phase contrast microscopy (400 x magnification - Relchert
Zetopan microscope). Photographs were taken with a 35 mm

Nikon Microflex EFM attachment:

(b) fluorescence microscopy

Samples of mycelial and conidial suspensions in water were
mixed (1/1 by volume) with a 1% Calcofluor solution: Proto-
plast suspen;ions,were mixed with a 1% Calcofluor solution ip
either reversion medium supplemented with 20% suorosegor 6i1 M

PO, buffer, pH 5.8 eupplehented with 20% sucrose depEndiné
-upon the stage of isolation. Slime cell suspensions'were mixed

with a l% Calcofluor solution in normal gfowth medium; After
& . .

hd °

five mlnutes, samples were examined under a Relchert Zetopan

o~
¢

microscope (mercury vapor lamp) with an E2 exciter fllter,

Y

Sp 2 absorptlon filter and a Kodak 18 A filter.

1

S <

(c) electron microscopy - .-

1 ’

- Y

Mycelia were flxed in 5.6% glutaraldehvde 1n 0 05 M
PO4 buffer;_ pH 7.0 for two hours at 220¢., Pro;pplasts or
'sllme cells were: comblned ‘with one volume of noxrmal. growth

medlum supplemented w1th four percent agar to ‘reduce lYSlS




AT

P ﬂ.....‘..«-«tmmugh—-a

s menwns et o
.

r

\a
.

during fixation (personal communication, Dr. P. €. Fitz- . ' .
- . - - .

Jarmes) . After cooling, pieces of agar were fixed as stated .

‘above for' four hours at 22°C. The fixed material was washed ~
" sevéral times with buffer s

. . - ? .
The agar pieces were post-fixed
) ' -

““ %ith 1% osmium tetroxide in the same buffer for two hours

~

o

S £
at 22°C, washed several times with Kellenberger buffer (Ryter

.

and Kellehberger, 1958) and stained with 0.1% uranyl acetate

(25 minutes) in Kellenberger buffer.. The materlal was. dehv-

drated through an ethanol series to propylene oxide and en-

bedded in an Araldlte—Epon mixture (Mollenbauer, 196¢). . T

~Reynold's lead c1trate (Reynolds, 1963) was used to staln

sectlons on the grld. _The sectlons-were examlned with an . T 4

»

R.C.A.-E.M.U, 3 electron microscop i .

2 S T1nopal BOPT uptake by revertlna,protbplasts ) : i

Protoplasts (1 x 108 ) were 1ncubated in l 0 ml of rever- |

. ) - .

‘ 31on;med1um for varylng times (Corex test tubes, 15 ml) at 'A, _4

30°C in a shaklng water bath ] Trpopal‘EOPT_(ZO ng/ml ; in o
(4 mlé was added to tﬁé reuerting‘proto4

plasts and the mlxture was left stabdlng for 5 mintUtes prior

~ xever51on medlum)

to centrifugation at top sﬁsed in L cllnrgal centrifuge for

‘ a

10 mrnutes. The optical ﬁens;ty of, the supernatant was read .

A zero time sample-of ofbtoplasts was ‘used as a

2

at 350 mp.

: control. The differencevbetween the 0.D.

at 350‘mu of ‘the

‘e

orlglnal dye solution (4. Oml iluted w1th 1.0 m} reversmon med-

1um) and the protoplast supernatant was taken to be the amount

o

of dye absorbed by the protoplasts.

All procedures 1nvolv1ngw

} ’ = . - h )
5
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i
!
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£l

the dye were conducted in the dark since the dve is light
.sensitive (Peberdy and Buckley, 1973).

2.6 Radioactive precursor lncorporatlon

(a) 'mrotoplasts

UDP-N-acetyl [6- 'P]ClcNHz (5 ucCi) (50 ul) was added direct-
ly to 10 ml of reversion medium in a 50 ml Erlenmeyer flask

containing 1 x 10° protonlasts. At specified times, 1.0 ml

samples were taken, diluted with 5 ml of reversion medium and

. centrifuged at 2000 x g for 10 minutes. Thé_washing procéd:

-

ure was repeated twice and an aliquot of the pellet was oxi-

dized (Oxymat) and the incorporated radioactivity was counted

3

—as "H;0. A time’ zero protoplast sample was used as a control.

Slucos amine-6- H-HCL- (10.13 Ci/mmole) (75 uCi) (75 ul) was

added to 10 ml of reversldn medium in a 50 ml/ﬁrlenﬁeyer flask
cbntgining 1x 169 protoplasts. Aliquots (0.5 ml) we;e,treated
ag described above. h particulate fraction was obtainéﬁrby.

\\ sonlcatlng the cell pellet in water (1.5 amps - 5 mlnutesf and

o,

~

\centrlfuglng (Beckmann L2~ 65 ultracentrlfuge) the resultlng

homogenate at 101, OOQ;X g for. 60 minutes. The hlgh speed

\

pellet~was washed -twice and an allquot ras. oxidized and counted.
L

The' non-reverted protoglaqts were 1solated at 48 hours by |,
*
passage of the cells through glass wool whlch removed the new

‘mygglla. The cells were isolated and treated as descrlbed

-

above: = A particulate fraction was obtained by'homodenization

with a motor-driVen Eotter;Elvehjem type glass homogenizer

o

followed by centrifugation at 40,000 x g for 30‘minupes;ﬂ»

-

8
¢
-

R .
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(b) wild tyve mycelia and the slime mutant

Glucosamine-6->H-HC1 (10.13 Ci/mmole) (50 uCi) (50 pl)

was added at time zé;o to 50 ml of growth medium containing
. -

- -“"9’*
conidia (1 x 1I0°) or slime cells. After 24 hours, the mv~

-

-

celia were removed bv/filtration and thoroughly washed with
water. After 44 hours, the slime cells were isclated by

centrifugation and washed 3 times with growth medium.” The

growth medium was subjected to—exhaustive dialysis against
water at 4°C. The mycelium was .ground with sand and taken

up in water while the slime cells were lvyzed in water. The

~

resulting homogenatés were centrifuged at lO%gOOO x g for

60 minutes. The pellets were washed and re-centrifuged ‘twice,

the three high speed supernatants were combined and an alicuot

-

of each fraction was oxidized and counted. p——

vawna.

(c) conidia . T .

Glucosaminé—6->H-HC1 (20.7 Ci/mmole) (50 pCi) (50 ul)

was added at time zero to-50 ml growth medium containing 1 x

10° conidia. At specific times, 5.0 ml aliquots were removed

and%Eentrifuged in.a clinical'centrifuge«az top speed for 5

minutes. Thebsupernatant was discarded and the pellet was
washed twice with 5 ml water. Particulate fractions were:-

obtained by grinding the conidia with sand and cen;rifugingl

L4 .,
the resulting homogenates at 40,000 x g for 30 minutes. The
\ ‘ s ‘ -

pellets were washed twice with water. The same procedure was
used for ethyléne glycol treated coﬁidig with the exception

,that the conidia were washed with normal grBwth medium.

<

N\
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2.7 Analysis of high speed pellet fractions

(a) acid hydrolysis

Aliquots of‘peliet.fractions (5 x 107 ﬁrofoplasts) were
treated with 6fN“hCl°i;'sealed~£ubes at 100°C for 6 hours.
Samples were cooled, diluted with water and centrifuged at
+101,000 Q?g for 60 minutes, -The pellets were washed twice
with water ;nd the combined supernatants were taken to dry-

ness under reduced pressure and stored in vacuo over KOH.

(b) alkaline hydrolysis

Pellet aliquots (5 x 107 protoplasts) were treated with

IN KOH at 100°C (boiling water bath) for 1 hour. The samples

~

_ were cooled and centrifuged at 101,000 x g for 60 minutes for

protoplast and slime material and 40,000 x g for 30 minutes for

conidial material. The pellets were washed once with 5 ml 1N

<

KOH, and washed three times with 5 ml wq&gr.

(¢) chitinase’hydrolysis .

The protoplast pellet aliquots after alkaline hydrolysis

were incubated with 5 mg chitinase in a ‘total volume of 1 ml-

at 379C for 24 hours.. After incubation, 1 ml of ethanol was"”
added and the resulting suspension was centrifiged at 12,000
x g for 15 minutes. The supernaﬁant.was taken to dryness under

reduced pressure and the residue taken up in a small Yolume

of water for’' chrom tography: " .
"Chitin" pellets.from mycelia (0.25 ml g&owth medium) ,

conidia (1.67 x 10%), slime cells (5 ml growth medium), as

well as from in vitro chitin synthetase assays were incubated®
& . P
with 2.5 mg chitinase in a total volume of 0.5 ml water at

Al




1{.

37°C for 24 hours. The incubation mixture was subjected to S

enomr PRI ORIV
1

ultrafiltration through an Amicon-UM 2 membrane to obtain a
. & ’ .
small molecular weight fraction (lesi than 1000 M.W.)& In

some digestions, pellet material was incubated without the -~

enzyme to act as a control. The control samples gave less

— -

than 1% of the total startlng radioactivity in the small

molecular weight fraction. .

-~

2.8 Determination of glucosamine levels in particulate ’ |

fractions of wild type myceldia and the slime mutant

Klinme cells were lvzed in 3 ml of water while mycelia
were'put through a Freneh Preesure Cell Rress (Aminco, 16,000
- psi) with five volumes of water. PRarticulate fractions were
isolated‘by centrifugation at 101,000 x g for 60 minutes.
" The pellets were digested with EN KOH followed by hydrolysis ~—
with 6N HCl. The acid hydrolysates were taken up in water °
and alquOtS were spotted on Whatmann 3IMM paper with glucosa-
mlne standards. After electrophore31s, the guantity of - '“4
= . 9lucosamine was determined by the cadmium-ninhydrin procedure
of Atfield and Morris (1961). This procedure involves -dip-~
ping the dried baper in cadmium—ninhydtin reagent' heating at
! . 100 C for 10 mlnutes, eluting the developed coldr Wlth 3 ml
- ’ methanol for 2 hours and reading the optical den51ty at 500 my

(Figure 8). - : . g

¢ 4

-~
"

2.9 Electrophoresis . ‘ . \

Electrophoresis-was carried out using.Whatmann 3MM paper

-

(24 x 112 cm) for thirty minutee.at 3000 volts (Savant inst;g-

ments Inc.) in pyridine-acetic acid-water (1:10:69) buffer,

AN
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- Figure 8. ) Calibratién curve for the determination
of glucosamine bv the cadmium-ninhvdrifi ;method - ’
of Atfield and Mor;is (1961). ’
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2.10 Chromatography

(a) paper sfhromatography

Chrdmatggraph§'was carried out using Wha?mann 3MM paper
_in paper lined tanks at 22°C in the ﬁolibwihg solvent systems:
A. ascending, 1N NH4OH/isobutyric acid (3/55; B. ascending, .
pyridine/l~propanol/acetic acid/water (40/40/15/26); C. des-
cending, pyridine/ethyl acetate/n-butanol/gutyric acid/water
(10/20/5/1/9). B

(b} column--chromatography

Dowex I formate was ﬁieparea from Dowex I chloride by
sequential washing with 0.5 M NaOH, water,,OlS M formic acid
and water. After ldading with the slime cell radioactive high

. ] “a

speed supernatant (1.0 ml), the célumn (0.9 x 30 cm) was

\
“

eluted with 50 ml wa&er followed'by a linear gradient of 1N N

ammonium formate (200 ml water - 200 ml%lN ammohium formate) .

3 mljfraétibns were collected. Tﬁe salt concentration‘was

estimated using an osmometer (Advanced Instruments The.). .

Standards were prepared by dissoiving 5 mg bDP-GlcNAc.Eh 0.5‘.
S - n

ml MeOH and adding UDP-N-acetyl [UJ%]GlcNHz (20 °u1), 0.5 ml

" of 0.1 N HC1 was added and the mixture was heafed iﬁ‘a boil-

ing water bath for 45 seconds. After cooling, the mixture‘Wés

-’

loaded onto tﬁe'c61umn and eluted as described. °

" The isolated fractions were desalted using a~Subhédex

- \

G-10 column (1.5 x 90 cm); 2 ml fractions were collected.
The Amberlite MB:§ columns (1 em x 10 cm) were washed

with £00 ml of water prior to use. Samples (1.0 ml) “of chitin-

ase digested material wére_loaded onto the column and eluted

‘“"I




with 100 ml of waterftgﬁobtain a neutral fraction.

2.11 Detection of radioactivity’

- A Nuclear-Chicado Mark 1 scintillation counter was used

in conjunction with & liquid- scintillation svstem consisting.

oo

ofélo ml toluene containino 0.4% Omnifluor. ’For water con-

taining samples, 10 ml ofdégtoluene ethylene glvcol mono—

~

ethylether (10:8) fluor containing 0.4% omnifluor was used.

.‘ o I3 . g .’ .
Tritium samples were oxidized to 3%20 using an‘inter}ephnlque
. L]

sample oxidizer -(OxVmat) and counted ‘with the fluor 700 ml

-

dioxang, - 300 “ml toluene, 20 gms naphthalene and 7 ‘gms butyl-

PBD. These sahnles were corrected for quenching using the

v
'

external standard rat;os method

A Panax thln 1ayer radlochromatoaram scanning system
(RTLS 1A) wlth a RCMS-3 paper chromatogram scannlng attach—

hent’was used £o detect radloact1v1tv on chromatoqrams.

¢

. e/455¢¢9'2~12 Preparation of colloidal chitln.' . .

) Colloidalfchitin Wwas prepared by the method of Berger

*~- .4 - and Reynolds (1558)., Chitin (10 gms)’was made into a paste

¢

-

by ér;nding in a mortar with acetone. Concentrated HC1

(80 md) was_added with™more grinding and after 10 mlnutes,
the "material was flltered through glaSS wool into a rapldly.
stirred sqlutlon 6f 50% ethanol. VThe precipitate was &

corlected by'centrifugation, washed several times with water,
i

dlalyzed against tap water over night and drled in vacuo

o « NI
.

over KOH . ' e

2 13 Proteln determlnatlon-

-
. The assay W s carrled out u51ng "the method of Lowry et al.




(1951)u'~F1ve ml of a freshly Drepared reagent con51st1nq of

L

1 m}¥ of l% CuSO4.SH20 1 ml of 2% sodium tartrate and 100 ml

of 2% Na2C03 in .0. 1 N ‘NaOH was added to 1. 0 ml of samole and

- L.

mixed. Afterglo mlnutes, 0. 5 ml of fréshly! prepared 1IN Foiln- -

Phenol redgent’ was;added w1th mixing, the developed color -

’ . ] ¢

was measured at an optidal density of 750 mu after'30 minutes.
Bovine sérum albumin was used as a standard

2.14 Pr;paratlén of extracts for enzyme assays

A}

(a) ﬁglutamlne D~ fructose 6 P047transam1dase

Isolated sllme cells (from 50 ml growth medlum) were lyzed

in three volumes of G‘OS-M Tris buffer, pH 7.5 whlle wild type

mytella (from 50 ml growth medlum) were ground with sand and

a 5 [y

taken up in three volumes bf the same buffer. Hldh speed

. -

3 »~ [} . -—
supernatant fractlons were obtalned bv centrlfugatlon at 101, 000

x g for 60 mlnutes. The homoqenate from mvcella was’ centrl—

\’ ) & < .

fuged at 2000 x g prlor to hlgh'speed centrlfugatlon.‘ All pro—

.
|

cedures were carrled out at 0Q 4°C‘ NN

- ‘e .

.
.

(b) ‘chitin synthétase ' i; oL

.
L4 b .

'
- ta S

Isolated sllme cells*(from Sb ml~growth medlum) were lyzed
_in 3 ml of 0. 05 Trls buffer, QH 7. 5 contalnlng 10 mM MgCl, and

1 mM EDTA whlle protdplasts;ﬁere Jyzed an 0. 3-1.0 ml of the

same buffer. Wild type myceIia (from 50 ml growth medlum) were
1

.8,
Conldla were taken“up 1n 3 ml‘of buffer and put through the ,

Nt',
French Rress 3 tlmés. 4Reverted proéoplasts (48 hours) were*
“i £ "‘A,' Y »

grouz\Iw1th sand and taken up in 2 ml ‘of buﬁfer. Non-revertedv
1%

Lo~

S I -

asts (48 hoﬁrs) were bomdgen;zed in“1- ml of buffen

s

proto

ueing a“motor- drlven Potter—ﬁlvehjem,type glass homogenizer.
&~v N\ . L,
All procedures’ were carried out. at 0°J4QC:‘
‘4 Jl P °
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Y
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2.15 Enzvme assavs

~

(a) L-glutamihe D-fructose-6-PO4 transamidase

The assav was carried out as described bv Endd et al.

- (1970b) . The incGBation 'mixture contained 6 mM fructose-

6;P04, 9 mM'L-glutamine,’Z mM EDTA, 30 mM PO4 buffer, pH 6.6

and enzvme in a total volume of 0.5 ml.

incubated at 39°C for 30 minutes, the reaction was stopped

The mixture was

’er -~

by plac1ng the-tub%%.ln a borllng water bath for 1 minute. .

.
N \

Glucosamlne 6- -PO4 was assayed c¢lor1metr1callv by the
. » A p— < *
Morgan-Elson rethod described; by Choshhet al. (1960). "50 pk

‘ '.
:o s

of saturated NaHCO3 solution was,. added to all tubes at room

S P

»,

temperature.& 50 pul of cold 5% aqueous acetlc anhvdflde was :

Lo

added (this reaaent was made up just prior to use. in the cold)

I

* the tubes vortexed and. left-at room temperature for ,3 mlnutes.
’ ‘ A4 t "

The tubes were then placedeln a boxllng Water bath for 3

0y

" minutes; aﬂter coollng, 100 ul‘ of 0.8 M. Na2B03 (DH 9”0) was

added and.the tubes: placed ln a b0111ng water bath for 3

- A N
N c. ’/ - ‘
B

mlnutes. After cooling to room temperature,-3 ml.of Ehrlich's

reagept {1 gm dlamlnobenzaldehvde, 1.25 ml of 10 N HC1 and.

. e e s—&;, o
acetic acid to & total volume of\loo ml) was, added the tubes

~ 9' .

were vortexed and anubated at 37 C‘for 20 mlnutes. ~After

..1

coollng to room témperature, the OPE cal densrﬁy was read at -

D ¢ ®

585 mu. GlucoSamlne 6-POy4 was used to prepare the stahdard
7 .’Dr (3'" 4 . 'tl-.‘ ,"‘_ . e
curve (Flgure 9) _‘ . . " . ‘..: . :\ « A . s e e
Y [ L . ‘,,t » .. ‘

.

the‘amdunt ‘of enzyme

. One unit of actrv;txhls<defined as

< / f"

jcatalyzing the formatlon of dhe u more of glucosamlne-G-P04

7.

0y ﬁa..; z}"k‘:::: :‘:, . ‘ " ; Cae .
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Figure 9. . Calibration curve, for the determinatioﬁ

.
’

of glucosamine-6-PO4 by the Morgan-Elsbn

method described bycchosh et al., (19 0) .
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- - ot :"‘ > 2 . : = - ".--
LT T TR A “ e
; p e BRI ‘ - . . ) 3 .
A D ?‘:_‘Vf . - . . . 5
S Y T ST 58. -
L5 h “ . : . o
¥ - . Yo [ v . - A . 3 s
.. ’.-A - . . . ‘_- LY .ot - . . ”
° . ‘-‘ K L . .- )‘ )._.‘» N .. . .
'jgff.chitin synthetase--" . . ¥ L, . :
. ~ . ~ ~ € - T .
R "'I‘he reaction mixturer conta::ned 50 mM Trls %uffer, pI-r =
ot g 3
7.5, 10 'mM MgCl,Z, 1 mM EDTA, 0 1 mM ,QDP-—N a.cetyl[U-*J-' C]

(95 000 cpxﬁ) arrd enzyme in a total volufne of 75 ul

rncubation at 25 c for a speca.fred timey, the réaction

-

-

“ supported by a 25 mm pIastic 'filter. The filter was’ washed i e

.

with-~150 nml water and 50 ml acetone and

st
-

1amp for 30 minutes before coun,tin

. . e\ . . '

w o ‘One unit of actJ.Vity is defined as the amount of enzyme N ¢ -

. “ N g o’ °. o

< li‘é:‘aft'aly.z:mg the 1ncorporatipn of one pmole of GlcNAc into’ the -

- 3 L -

partlculaf:e fraction in on.e minu"ce undef' the above conditions.

’ - > LY TN - ~ P °f

: 2 16 'I‘xjyps.in activatlon ari T . oy < .

» - -
-
. -~ o
- - d
n

L The homogenates\ (25‘ ul) were ,i.ncubated at 25°%¢ for 15 o0l

- ~y = l ) N <
m:.nutes in }he‘.pre,sence ‘of small amounts of tryps:.n (0-5 ug) : . ﬁ

. P N

1n a tot\.I. zVolume of 50 ule of 50 mM Tris buffer, pH 7 5, 10 mM

)'Igcl andéL mM EDTA. After 1ncﬁbat:non, the reaction was ) ” T '\:
%t s L] -

) stopped hy adding double the theoretical quantity of soybean T'? 43 - ,,
’ — v, ' . o

< - -

tl‘Ypsin inhibi.tor 1n tHie: same buffer. R el s T S - e e

2.17. Glycogen determution e ! \' - N .
<, ‘1"': .‘\ \ ] . . ” . - a .3 .
Glycogen was es‘timated using the methgd described by . N S

e XY

Huijing (1970) . Protoplast samples ‘wére, diluted -10-100 fold . e

and bo:.led for three minutes to inactivate endogenous inver— o
“"tase“ 'activ1ty (sg.nce exqess sucr;s:e was present) prior to’. Lt °.'.
.ass\a;r ::0 2 nl of materiaigvas rnixed with 0.2 mi of a solu- . | . g
tion cont.a_z.n‘i?ng d"glu"&idax& (50. uq/ml) and pancreatic - N

-"_




a-amylase (80 ug/ml) 1n‘0 l M sodlum acetate buffer, pH 4,8. o

. AR

i = .
3 A contfol tube contained 0‘2&ml §amp1e and 0 2 ml buffer in . Q
.. . W" -
1 ’ place of the enzyme sblutlon 'k The _mixtures were incubated - ’
- LN 9— )
k@ oy ,wem.“'~~° for one hour. Rele;sed glucose,was determined by the

% addltlon of 0. ml of a solution containing glucose oxidase

A ) : (0.5 le, peroki--se'(3 mg) and 6-dianisidine hydrochloride

. 4’/ ' (10 mg) .in 100 ml &f 'I"ris-phosphate-glycerol buffer (36. 3 g . .

- Ve

Trls, 50 g NaH PO4” 20 and 400 ml_ glycerol made up to one,,~

. 'liter'of H.0, pH adjusted to pH-7.0 w1th solid NaH2 4

The mlxture was 1ncubated at 30- C for one hour- before the SRR

H O) .

v

H .-

P addltlon of 5N HCl (0 8 ml) The' optical den51ty was measured

s : b, .

-
\

\ ’

at 540 mu. Shell flsh glycogen was used to preparé the stan-

- N
3 . - 4
\

dard curve (Flgure 10) BRI o o . .
- " , b - “ v

2.18" DNA determlnatlon R -

2

L)

LR

B ’ : The DNN was 1solated by the method descrlbed é§‘Schne1der o

- o .

. (1957) One ml ‘of the 1yzed protoplast preparatlon was mlxed ) .

w1th 2 5 ml«of cold 10% ‘TCA and centrlfuged (cllnlcal'centrl-

B e e T e T

. ' fuge) The prec1pate was washed qnce wr}h 2. 5 ml of cold 10% o e

.- ) TCAa?nd extracted tw1ce w1th 5, ml 95% ethanoIn RNA was. re-. Y
& - >

g moved by 1ncubatlon of the precipitéte w1th 2 mi AN KOH at ‘
. o

- 37 C*for 20 hours. The DNA was precipytated byﬂthe addltlon w.

]
A

1 - : 5 . R
. of. 0 4\m1 6N HCl and 2 ml of 5% ?CA.‘“Afteﬁ\cedtrifugation°) L (gf'

‘ . the DNA was ‘brought 1nto solutlgg by the addltlon of 0.5 ml \,: ‘%ﬁ;;
~f;.‘ . - Hzowand Q 5 ml 10% TCA ahé heatlng Jt 90°c, for £ ;inutes.ﬂf"":f a

1. "._' _ ' The remalnlng preolpitate wig removed by‘éentrifugatiovrhnd v
i"l” . o :eehed with 1.0 ml 5% TCA. The resuleingéeupernata ts Yﬁre’("'
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Figure 10. Calibration curve for the determination
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g . . of glycogen using the procedure of Huijing y
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. 2.19 Statistical analvysis

mean.
L
— .
1.
’ X -
.
L
.
>
N - «
T
- ~ s
-, -
. -
[ . \‘_
-t
S
-~ A
, =
E3 \
- N
N <&
.
H ~
- [ O ~ ¢ - - R -
a
O 4
. 4 - Iy
-
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[ 3
P $ N L g
\ B
* ) A
- . - o .
N .
e L3
Al , lc
N 1)
! Q 4 ¢ ")
\ "
— B > , - s
. ! -
2 .
N . {
- G .
. -
’
WA \i’
Rl

' . . .
combined for the DNA assav. as desgribed by Burton (l956).‘ ‘ |
Two ml of dip@énylamine reagent was added to 1 ml of super- ' }
natant and incubated at 30°C for 20 hours. The optical_den-
sity was taken at 600 my. The diphenylamine reagent con-

sisted of diphenylamine (1.5 g) and concentrated H, 50, .
(1.5 ml) in a total yolume of 100 ml of glacial acetic acidf
Aaueous acetaldehvde (0.1 ml) was. added go!20 mnl of réggentv

prior to use. Calf thymus DNA was used to prepare a standard

curve (Figure 11).

S g
. c -

-~ C 3 L

In most cases data was presented as the mean of at leas

.

-

three separate determingtions with the standard error of .the

{
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CHAPTER III FORMATION AND REVERSIO% OF NEUROSPORA CRASSA

/ , PROTOPLASTS P -‘ «
f A :
The abi;ity of enzyme prepa}ation suc d'Helix pomatia,

commonly known as "snail gut enzyme", to release protoplasts

’

‘from Neurospora crassa mvcelia or conidia has -been known for

some time (Bachmann-“and Bonner, Q959 Klnsky, 19§§§ Trevithick

'and Metzenberg, 1964;’Manocha, 1968) 'Protoplasts have also

been obtained by growing an osmotlc\stréin of ‘the same funqus

- ! -
.y .

in the presence of ten percent sorbogi (Emerson and Emerson,

i

. 19583 Hamilton and Calvet, 1964) . The, enzyme Bhgldcuronidage

(Helix pdmatia) releases spherical cells from Neurospora

b

crassa mycelia but since the wall reﬁaininé on these cells has

.

not been éxamined, the term spheroplast has been used to “des-
~ N .
cribe them “{Scarborough and Schulte, 1974). Since thgn"snail,
qpt“ procedure ‘appeared to Pe the superior method,.it was
. . )

chosen in this study,.‘ A number of variables were examined in
) s . ——,

the procedure: in én.effort to optimize the yield of proto-

P

plasts obtained from mycelia.
- 4

"RESULTS

3.1 Formation of protqplasts !

-

»

FLgure 12 shows that an 1ncrea51ng number of protoplasts

were released during the flrst ten hours of incUbation.. After

R

" that, tlme, protoplast numbers remalned\constant for up toﬂ

twenty hours. The age of the starting mycelia was found to be
5 S ‘

the critical factor in terms of.yield.’ As'shown in Figure .13,

a sharp optimum bccutred'withvmycelia which were twelve hours

P
[y

’




v

-

.4
-
a..,w“"
* , ~ -
Figure 12, Time course of the release of orot]ﬁﬁasts

from Neurospora crassa mycelia (12 hours old)
: .

-
- -

- by "snail gut" enzyme.
: T

v
.

Figure 13. . Effect of the age of Neurospora crassa

mnglia on protoplast yield. The yield was‘

deteqmlned after a 15 hour dlgestlon wlth

snaﬁl gut" enzyme. \ . —
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+

14). Using these "ef

. s . ™
microscopy indicate

“empty". compartments dutlined by cell wall terial (Figure

conpartments s markers for proto;
plast release, it was found tnat after two hours of digestion,
77,027 é.iB% of the protoplasts originated from ége apical
regions of the mycelia. Aé digestion broceeded, the proto;
plasts were releesed from the older regions of the hyphae.

. Under the optimél conditions described, thegyield was
one hundred andws;;z;“;erq\nt of the number of starting

-

conidia. This procedure re\u}ted in the production of a

- \ N

fsufficient number of protonlasts for study.

\

<

3.2 Pfﬁpertles of\the protoplasts

The protopbasts released were spher1ca1 in form, some

[ a
>

wlth one large vacuole Oor numerous small vacuoles; others
P

|with no vacuoles (Flgure .15a). a1l protoplasts.were osmoti-

-ically sensitive (Figure 15b). lectronimiénégraphs of these

>

Eorms 1ndicated that cell.wall was absent on most cells except.

.

in a small number of cases yhere small areas of cell wall resi- ™

\ y i
. due remalned (Flgure 16)~ : 4 & \ o
A more conyenlent method of determlning.the presence of

cell wall material utillzes the fluorescent brlghtener

s C ~ ¢
Caﬁcofluor White "M 2R New as described by Gull et~ ag. (1972).

(“\

Thi' “paterlal binds only.to B linked polyscchar;des (Meada

4 .

and Ishlda, 1967) and is an extremely sensitive technlque for

0 . .
'd

@
detecting cell wall. material Flgures 18- and 19 illustrate

R
b . *

N




Figure 14.

.
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Phase contrast micrograph of a Neurospora -
crassa mycelium after a two hour digestion - T
s . hald 3 L
with "snail gut" enzyme showing the "empty" <
. . . ,, .- . d .. -
apical region. (magnification- 2600 x)~° . L. .
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Figure 15a. " Phase contrast micrograph of Neurospora

’

crassa protoplasts. (magnification 1280 x) -

.
. H

o

Phase contrast mlcrograﬁh of Neurosgora

t

‘crassa pro;%plasts after exposure to distilled

water. ‘émagnificatiem }2@0;xr‘
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Fiqure 18. Ult;ayiolet\flquescence micrograph of a

Neurospora crassa mvceli&ﬁ\ri2whqurs old) after

— -

stainiﬁé with Ccalcofiuor. (magnification 1400 x)

* . :“
Figure 19. ' Ultrgﬁiolet fluoréscence micrograph of

Neurospora crassa .conidia after staining with

- Calcofluor. (magnification 1400 x)
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the sensiti&ity.of this method using growing<myce‘ia\end\con— .

~

<

idia. The strongest fluorescence was located at the apicai “
and septal regions; non-apical regions showed a muich weaker

fluorescence. The mejority of the cenidia gave a bipolar

-fluorescence. . .

~
"N,

. ( : A
Using this tecgnidue’approximately eighty percent of the
. 1

’

protoplasts did notqshow fluorescence, six percent showed

"spot" fluorescence and thirteen percent showed internal

~ -~
.

fluorescence; possibly an indication of membrane damage
(Table 2). The "spot” fluorescence probably corresponds to
small areas of cell wall remaining on the ‘cell surface _as
shown in the electron micrographs.

3.3 Regeneration and reversion of protoplasts

Y

The centrifugation.procedure\used to isolate the proto- .

plasts gave low yields (twenty percent); Attempts to s%gnifi-
cantly increase the recovery by gradient centrifugafion'
(sucrose, ficoll) failed, probably due to ‘the heterogeneous
size‘and density of the protoplast population. When the iso-
lated protoplasts were stained.witn Calcofluor, a larger per-
centage (Zé%L showed "spot“_fluorescence as compared to the
‘starting suspension of proroblasts (7%).(Table 2). h
Within thirty minutes of incubetion in reversion medium,

the protqplasts underwent aggregatlon to form clumps visible

to the naked eye. Germ tubes started to appear at approxi- .

mately six hours; the number 1ncrea51sg gradually until twenty-

four hours where a synchronous emergence of germ tubes was

®
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Galcofiupr White M 2R Ney staining properties

of Neurospora crassa protoplasts.

Fluorescent*
(%)

EEN

Nonfluorescent
(8)

Interhal
fluorescence

(%)

6.5 %
27.7 + 8.8

79.9 #

62.5 2

13.5 & 10.1

i‘ .
Table 2.
Protoplast
sample

P~ total

} .o

% . isolated

: (2000 x q)

i

2

;

¢ N

I

o

i

-y Py

* refers to "spot" fluorescence
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. cystment after one to two hours incubation in reversion medium.

.
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~Nd
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<

evident.(Fiéure_zo). - Approximately -twenty percent of the

protoplasts produced germ tubes; they arose directly from 4
./_-% ! . N
the spherical cells .but occasionally the germ tube arose from

a bud-like gtructure-fogmed by the protoplast (Figure 22a-c). \:

' Prior to the formaﬁioh of ‘the germ tube, the protoplast;
encysted by forming a wall-like polysaccharide at the cell
sﬁrface. The encysted cellswyere osmotically stable, The L '
encystment process could be conveniently followed by staining

with Calcofluor. The protoplasts underwent synchronous en-

Sixty pe}cgnt of the protoplasts formed this wall-like poly-
saccharide {Figure 21). The fluorescence at time zero and at

dng hour was "spot" fluorescence wheréas at two hours the
protoplasts showed a complete }ing of fluorescenée around th;'

entire periphery. The proébplasts exhibitinyg intérnai £luor-

éscénge did not encyst (Figure Zl)i Electron m%crographs‘of ..
eight-hour regenerated protoplasts confirmed tgé preéepcg of
wall-like' material (Figure 17). The synéhésis of this poly-
saccharide coﬁlq be followed directly by examining the amount
of the fluorescent dye-Tinopal BOPT which was taken up during .
rgéeneration (Peberdy and Buékley, 1973). . This dye was taken '
up éﬁe hour after the start of the re&eréion séquenée and con-

tinued to be taken up for at least eight hours. The amount of

dye abgorbed began to level out after six hLurs of':egenera—

tion as the amount of dye absorbed approached the levels of

dye added to the system (Figure 23).

- L4
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' ' Figure 20. ‘Time course of the reversion. of Neurospora
« - - > .
' > ® crassa protoplasts as determined by the per-

12

. E centage of protoplasts forming germ tubes,

\
} -
. Initiation of regeneration of Neurospora

P
crassa protoplasts as determined by fluorescence
.

Figure 21.

! S
after stalnlng with Calcofluork o

v pmen ——
v

protoplasts exhibitimg internal fluorescence ©

.protoplasts exhibiting external fluorescence' ®:
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g Figure 22a,b,c. Ultraviolet fluoresgsnce micrographs
v ' ) . - of “eiqh‘t ~hour reverted Neurospora crassa.
protoplasts (encvsted),aftér staining with
. : Calcofluor. (magnification 1400 x)
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Figure 23.

Uptake of Tinopal BOPT by regenerating

Neurospora crassa protoplasts as a function

of time.
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DISCUSSION &
\

» The "snail aut" digestion orocedune used in thi% study

3

P et TR E U

1 <

ly described for Neurosoora crassa (Klnskv, 1962) The

release 6f ‘protoplasts from mvecelia of‘different ages

exfremelv sharp optimum with twelve hour old.mvcelii.

~ -

creased resistance of growing mvcelia to the enzymatic dlges—

tion suggests that "snail gut" resxstant cqmpounds were formed

in older mycelia. Although components of. the cell wall of

Neurospora crassa have been defined (Mahadevan and Tatum,
7 —

1965), very litfle is known about their svhthesis as related
to mycelial age. The'galactosamine polvmers in Ehéﬁaal%.are

produced ten ‘hours affer‘@érmination (Schmit et aif,-lQ?S) and .
. ’-—_-——

-

would be dhe_of the likelvfcéndidates?whose resistance to

. . .
hydrolysis by the mixturg of enzvmes nresent in "snail gqut”:

* ¢
juice might exnlﬁin the increased resisgance of older mvcelia.

» ..

-

The age of the mvicelia has also been found to be a factor in-

fluencihq protoplést‘;elease in Geotri:chum candidum

+

(Dooijewaard-Kloostezeil et al., 1973), Schizopliyllum commune
\ ’ .

(de Vries and Wessels, 1972) and ASpergillugs-flavus (Péberd&p
et al., 1976). - R
The spherical fbrms released can be regarded as proto-
. I

plasts 51nce they satlsfy the criteria for protOplasts put

forth by Brenner etsal. (3958) They are.sen51t1ve-§o os--

metic shock and deJBEd of*cell’ wall»residﬁes as determined

L4




0‘; i co® 85
L.
| .
£ . N . ° b
% o g . '
§ ¢ by electron microscopy and fluorescent staining techniques.
> ‘..' . .
o - , . : : s . .
Y e A’verv small portion of the protoplasts did show isolated
t > . -
+ . . ‘ ~ } ° - - ' . . -
t “spots” of wall residue as determined bv these two tech--
. niques. The protoplasts consisted of a heterogeneous popu-,
lation im terms of size and occurrence of vacuoles. Peberdv

[ SN

e

-

A, M——n VY

-

(1972) has suggested that the large vacuoldr protoplasts

- arise from the mature areas of the mvcelia where ‘'large "vacuoles

. ~
. . 3 .

are normallv found . & . . B

- - ’ e

-’ The fluorescent brlqhtener (Calcofluor) procedure was.

L} . “.‘ e ¥
found’ to be* a ‘sensitive techriique 1n detectlnq cell wall. polv-

W Y N . . “

. mers in mvcelié; c0nidia'and Drotoolasts.
N N .

’ . AL

The‘apex and septal

. ¢ -, .regions of: mvcella showed much stronger fluorescence than

N -

other areas of the mvcella. -mhe wall oolvmer-chltln fbrms .

. -

the, qreatest proportlon of the wall in both these areas

(Hunslev. and ‘Kay,, 1976; Hunsley and Goodav, 1974) .4 ‘Similar .
"Zfluoiescent characteristics,-of mycelia Have been'observed in

. N ‘\ b Al .
e Geotrlchum lactls (Cull et al., 1972) and Trlchoderma viride

s

»

Uy o YBenltez et al., 1976)

;‘.,: cencehat bothipoles suggestlnq a structural différence Ln-the
P . wall at these positionst'

. * . 1
-, . \ .
2 e N rs«"' T

,-haveg”collars' wh 1ch represent 1ntercon1d1al attachment sxtes'

. s '

The pole reglons have been found to

e »

Farad v

(Searle, 1973) whlch probablv corresoond to thesfluorescent

¥

Some of the protoplasts showed an apparent lnternal

¥

e aréas.

: o fluorescence-after treatment w1th Calcofluor. Cull et al al.\

(1972) sugqested that Calcofluor ala not staln 1ntracellular

B 13 v . LY
» . N (R4 ‘a

~carbohydrate due to the fa;t that it cannot permeate the-

e, xplasma membrahe. Possiblmw;the internal fluorescence was .a.

The oonldla showed stronq fluores- .

’

e
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- -

- result odeamage to the plasma membrane. Thib vas sucported \
£

> by the fact that these form§ were unable to regenerate a wall. -

// . The protoplasts underwent two dlstlnct morphologlcal

events prlor,to the appearance of the germ tube; these were

——

aggregation and encystmént. The polymers formed at the plasma
.. membrane during the encystéeht stage could have been the cause

of aggregation. In order to investigate this possibility, the

appearance of the encystment bolysaccharides were followed

with time using thé fluorescent 5yes Calcofluor and Tinopal.

o

These polysaccharides began to appear at least one hour after
~

\ “ N . - 5 ' ,,.«/ = R
- incubation of the protoﬁiagzg\in’i::ersion medium while aggre-~
gatidncof the protoplasts was' apparent in#the first thirty

Y

minutes of incubation. Therefore, subject to the sensitivity
¢ e, 94 -

}

. _cf the fluoreécent dye methods, it was concluded that the

encystmertt polysaccharides were not responsible for aggrega-

PU ey

tion. In a related study with a “natural" protoplast system,

. Phytcphthora palmlvora zoospore encystment, " the zoospores

/became adhesive prior to the synthesis of glucan encystment
material (Sing and Bartn1ck1-Garc1a, 1972).. Sing and )

S - Bartnicki-Garcia (?975a, 1975b)- $howed that the adhesive

- " phase was' the result of secreted glycoprotein.

. . .:‘ . The protoplas%s in the'bresent study reverﬁed to ﬁyphal

. : \ . growth by dﬁrectly formlng germ tubes from the encysted proro:
T .,‘ . plasc. Occa31onally, the protoplasts formed/a bud-like strdc—'
ture from which the germ tube developed. In contrast,

Bachmann and Bonner (1959) foéound that a large proportion of

4 1

o VAT N MNP L W SRR GG '




.Neurosﬁora crassa protoplasts reverted on solid media to
férm a ch&in of yeast-like cells. Reversioq by the forma-
tion of a chain of yeast=like cells was the mﬁjor ﬁofﬁ,of
development in other fuﬁéé} piotoplaét systems (Garcia Acha
et al., 1966; Peberdy,a;d Qibsé%, 1971; Benitez S£J1£°' 1975).
. A large proportioniﬂjlg{;~protoplasts (40%) were unable
to form new wal% pol&mers; a larger proportion (86%) were unl
able to revert to the hyphél form of growth. Sinée'germ tubes
were formed only from encysted orotoplasts, -it seemed that
encystment was a prereauigite of germ tube formation. TIf

. the initial formatioﬁ:of a bud or germ tube depends on the
internal turgor pressure (Robertson, 1968), then, perhaps in
physical terms, this phenomena requires a rigid.form to .allow
the force to develop in one direction.

The presence of a rigid form is not the only requirement

3

for reversion® since énly a small proportionof the encysted

forms (33%) could revert to form hyphae. The inability of

i

>

" most protopiésts to revert is a common feature of all broto-
plast systems examined (Sietsma and DeBoér, 1973;
Dooijevaard-Kloosterziel et al., 1973; de Vries and Wessels,
1975) . Numerous reasons, for the lack of protoplast regenera-
tiQe ability have been expreésed. In ?éést systéms (Necas,
1971), the importénce oﬁ cell wall residues remaininélon the

.- protoplast to act as "primers" for new polymer synthesis has’

been argued for some time. In this study, the majority of

the protoplasts (62%) had no gross wall components as deter-

mined by electron microscopy and fluorescent dye studies vet,

R

-

R A R
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3

.,

60% were capable of regénerating a new cell wall indicating

that "primer" carbohydrate was not required for regéneration

I

of the wall. However, Van der Valk and Wessels (1976) have

found that S. commune protoplasts still have‘"plasma membrane.

carbohydrate" associated with them which .could act as "primer"

~

material. : . . o

The studv of cell wall biosynthesis in protoplast sys-

tems should uncover important aspeé®s of the role of cell wall

polymers in fungal morphogenesis. .

-

- N / .
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CHAPTER IV CHITIN SYNTHESIS DURING NEUROSPORA CRASSA -

- PROTOPLAST REVERSION:

The reversion of Aspergillus nidulans protoplasts con-

sisted of t&o phases: formation of a chain of yeast-like
cells followed by the formation of a hvpha from the last
cell (Peberdv aﬁd Gigson, 1971). The trap§ition time frbm'.
the first phase to the_second'was considerably shortened bv
the presence of GlcNAc in the reversion medium (Pebgrdy and

Buckley, 1973). Benitez et al. (1975) found that the regen-

. erated wall formed in the first phasé of Trichoderma viride

~

~
~

" “protoplast reversion, had only FT&latively small guantities of

chitin (approximately 10% of normal hyphal levels). These

~3

results indicated that chitin synthesis did not have any func~

"tion in the first phase of reversion but‘apparenplv'had some -

role 'in “the formation of the hypha from protoplasts. Chitin

L
Y

synthesis in the Neurospora crassa protonlasfkgz§tem was

examined to determine the role of this polymer in the reversion

process. - .
. N N ."%
RESULTS

4.1 1Incorporation of UDP-N—acetjl[6—3H]G1cNH2 andl[3H]

glucosaminé by reverting prot0plasts'

<

In order to investigate chitin synthesis during prot6¢

plast reversion, known precursors of chitin were added to éhe

. reversion system. Figure.24 shows that the uptake of radio-

'activity from UDP—N-agetyl[6-3H]GlcNH2 had at least a’ five hour

l;g period. Examination of the geveréipn medium after twelve

- \-
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Figure -24. Uptake of UDP-N-acetyl[6- H]GlcNH2 as a
X 3 ‘s.function of time during Neurospora crassa
protdplast reversion. ’
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. ' A
hours by Sephadex G-10 chromatography indicated that the sub-

strate had broken down into at least two smaller components.
Therefore, the precursor wa§.changed to [BHfglucosamine. The
‘ﬁajor portion of the tritium taken up ih‘this case becaﬁé‘
associated with the 101,000 x ¢ pellet (Figure 25). Although
. the [3H]glucosamine was taken up wit@ouL a lag period, the
radioactivity aid,not appear in the ggrg}culate fraction until |

six hours after -addition of the precursor.

4.2 Examination of the high speed pellet after [3H]

‘ - glucosamine incorporation ! )
. ) . ) \
The radioactivity in pellet fractions taken at 24 and .

36 hours _of the reversion sequence was resistant to 1N KOH

e .

digestion .and sensitive to acid or chitinase hydrolysis

(Table 3). The acid‘hydrolyéates coqfained only one radio-
active spot which migrated the same distance as standard

gluco%gmine on electrophoresis (Figure 26). The products of
oD qﬁiting§é hydrolysis migrated with the same R as GlcNAc in

chromatography system A (Figure 27). On the basis of these

A

properties, the largest proportion (80%) of the radioactivg

pellet was identified as chitin. : ' e
‘The- specific activity, i.e. the-r;dioactiviéy per ug

gluc%;gmine! of the.higﬁ speed peilet rémained constant over .

the first «48 hours of the reversion sequence (Table 4), hence

the,amoﬁht of radioactivityﬂinco;porated during'reversiqn was
g - .
directly proportional to the amount of chitin deposited. A

plot of the degree of reversion (sétting the amount of re-~

» -

version at 36 hours eéual to one) versus the relative amount

e
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Figure 25. Incorpordf{on of [3H]glucosamine'as a -

3 ‘ e . ] MR——
function of time during Neurospora™ crassa

protoplast reversion.
total incorpération

101,000 x g pellet
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- Table 3.~ Properties of the high'speed’pelie% f:ém

- -

revertiné protpplaéts after 13H]gluépsamine_

.;‘ . ns '
o ' incorporation. .
3 R o
1] ~ . =
[ ' * Time ’ ' .
f (hours) .|’ ¥ solubilization by : o
1 ! ., . i ) . .
i IN KOH 6N HCL chitinase -
To24 Tl .9 98.4 83.0
: 36 5.3 98.9 76. 47 ’ '
| N .
Table 4. Specific activity of the high speed pellet :
? from reverting protoplasts after [3H] ) .
f glucésamine incorporation. '
i S — 3 .
: : Time = ~ 1 : SgecifiCQactiviéy :
=7 (hours) =~ (3" dpm/ug‘%lucqsamine)' . . ]
.12 Y . 3504 = 356 \
- 24 . S 4804 + 637 :
R _ ‘ e
“0 0 38 ‘ 4918 + 1009
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Figure 26.
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, Radiochromatograph scan of the reverted
protoplast radiocactive high speed pellet (36
hoﬁrsf after acid hydrolysis and electro-

N, ey
phoresis.

1. UDP-GlcNAc

2. GlcNHzﬂHCl
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protoplast- radioactive high speed pellet’ (36
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of chitin synthesized (setting the amount of radioactivity ' : \

¢ - . -

incorporated at 36 hours equal to one) indicated. a_direct *

’

relationship between chitin synthesis and germ tube formation

(Figure 28). 1In order to investigate whether chitin syn-
thesis was required for or was a result of germ tube forma-
. " tion, the- effect of polyoxin D (a specific chitin synthetase

inhibitor) was examined.

4.3 Effect of polyoxin D on protoplast reversion

Polyoxin D (2.x 16-5M) inhibited reversion by 68% re-
gardlesseof the time at which it was added to the reverting
N protoplaste (0 or 24 hours). A ten-fold increase in ﬁhe

polyoxin D concentration to 2 x 10—4M increased the inhibition

e

of reversion to 86% (Table 5). [3H]glucosamine incorporation
': \}neo chitin in the presence of polyoxin D (2 x 10-4M) was re-
% duced to the same extent (88%) as the degree of inhibition of
reversion (Table 7). Two distinct effects of polyoxin D were
obtained; The total radioactivity taken up by the reveféiné
. protoplasts was less than that of the controls, probably a
result of the reduction 1n‘growth; Also, the distribution of
tritium between the soluble and particulate fractions was -
greatly altered; thé_iabel was largely in the soluble fraction
in the p::eence of polyoxin D. ‘ . ' -
When polvoxin D (2 x 107°M) was aéded to the reverting,
protoplast system at ‘24 hours there was a four hour time
lag before any effect on rever51on w!! noted (Table 6). This

4 probably resulted from .penetration dlff;cultles since no

) . effect on the incorporation of tritium into the high speed
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Figure 28.

'

Relationship between germ tube forma-

tion and chitin synthesis during protoplast

reversion. o
L —— -

relative reversion ]

- i
relative chitin synthesis 0
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Table S, Effect of polyoxin D on protoplast reversion.

. st
Polyoxin D ) Time of % inhibition
- concentration © - addition 1l ~ ~of reversion

(molar) (hours) . at'BB‘QQQEE\

“2.x 107° t:y ' 68.6

24 68.2 + 8.0

2 x 1074 "0 . 86.3

24 70.2

__

. Table 6. Time course of the effect of polyoxin D on\

protoplast reversion.

a
o

)
% reversion of totdl protoplasts

\
»

control polyoxin D*

28 . 9.6 ‘ £ 1.6
32 : . 12.5 | . + 2.7
36 |- 17.5 . ) 1.2
48 s . 17.8 a 9.5

[y

*_polyoxin D (2 x 1675M) added.aﬁ 24 hours..

¥ -
’ N

I T




Table 7.

Effect of polyoxin D on the

reversion.

4

’

i

20

MSQOHUOHmﬁwo: of mwmumHsoommawsm during protoplast

mmaﬁwm

Time
{hours)

Totail
radiocactivity
incorporated
(dpm x 106)

Radiocactivity
in 40,000 x g
pellet

(dpm x 106)

inhibition

,meu in 40,000

g pellet caused
o

y polyoxin*D

7

% of total

radioactivity
in 40,000 x g
pellet

control

polyoxin D
(2 x 1074M)

<o

OOS#H.OM_

polyoxin D
(2 x 10~4M)

1.97

0.20

80.7
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\ .
w» pellet fraction was- found during this four hour period. !
. Theﬁeffects of. polyoxin D on reversion suggested that

==~ Chitin svnthesis’was a requirement for protoplast reversion.
The majority of the protoplasts (80%{ were unable to revert
back to the hyphal mode of érowth and berhaés this was a re-
sult of their inabilié& to form chiéihﬂ ’

4.4 Incorporation of [3H]glucosamine by non-reverting proto-

'Elasts

The non—revertinq_protoplasts were separated from the

R

reverted protoplasts after the total protoplast population
had been incubated in reversion medium for 48-hours in  the

presence of [3H]glucdsamine. These cells- took up a small

B2
B9

quantity of {3H]glucosamine,.some of which was chitinase sen-

sitive radioactivity-(Table 8). Although some chitin was
assoc1ated with thesge cells, the data does not allow any com-
“parlson of the potentlal capac1ty of the two cell types to
form chitin, due to the dlfferences 1n [ H]qlucosamlne uptake
. : . -

and the time factors 1nvolved

4,5, Chitin syntHetasewof protoplasts, reverted protoﬁlests

and non-revetrting protoplasts

A more direct method to determine chitin syntheéizingcyf
s "epility of the two forms of protoplasts,was to examine the '
activity of the enzyme chitin synthetase in each protoplast

14 A .
type. Mycelial homogenates incorporated radiocactivity from

f- UDP-N acetyl[U— C]GlcNH2 (0.1mM) into chitin only in the

b
J
gg’ presence of 20 mM GlcNAc, (see chapter V). Therefore, only

(% g

the GlcNAc stimulated activity of protoplasts was regarded
. - -

L P LS Ty e cas e AN S XN N N o, " e
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Table 8.

> .

-

-

—

Incorporation of [3H]glucosamine by non-reverting

" protoplasts*.

Experiment

o

Total [3H]
incorporated
( dpm_)f

% of total-
radioactivity
incorporated

101,000 x

g

-

g .pellet
after 1IN
KOH |
digestion

pellet

101,000 x

| 8 of total

radioactivity
solubilized by
chitinase

71,005

58:,470

-

82.5 63.6

91.5. 76.0

43.6
33.8

* nbgsgeverting protoplasts were isolated from the total

protoplast population‘after 48 hours of reversion in

the presence of [3H]glucosaminé.
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st

; ' . R “\; ..‘

& as chitin svgﬁgetase. The different protoplast samples .

v o

assayed gave linear incorporation of radioactivity from UDP- |

.

N-acetyl[Ull4C]G1cNH into‘pérticulatehmaterial for at least

2

sixty minutes (protein 38-108 ug) under all assay conditions.,

~

Freshly isoiated protonlasts had small amounts of ¢hitin‘
synihetase activitv (Table 9). Sincé protoplasts have most
of the cell wall removed, colloidal chitin was added to the
assay to brovide the enzvme with "primer". - Although this \

addition did stimulate the incorporation of radioactivity in

the control, it had little effect on the activity in the
pfesence of GlcNAc. Activity assayed under all conditions

was completelv’ inhibited bv polvoxin D (2 x 107 %M). Rever-

[PRPPP

sion in protoplasts was reflected by a ten-fold increase in_

the specific activity of chitin svnthetase. The non-reverting
\ - N L 3
protoplast fraction exhibited highly variable activity under +

T wayn, —

all the assay conditions emploved; the GlcNAc stimulated

activity varied between 1.08 and 5.24 units/mg.

1 4

[T S,

The chitin synthetase activity of Neunospora crassa‘_

mycélia existed mainlv in. a latent form which could be acti-

vated by trypsin digestion (see chapter V): Protoplast homo-
oo oo ) '

genates also showed large’ stimulations in activity on treat-

" -

ment with trypsin (Figure 29). Over 95% of the total chitin

synthetase activity of freshly prepared protoplasts existed

in the latent form. Upon reversibn, the activity of the
- latent form of the enzyme doubled; the proportion of the ac-
tive form of the total activity increased to approximateiy

26%., The non-reverting protoplast fraction had very small

Kl
!
3
N
A
=
A
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Table 9. Chitin s?nthetaseaactiVEty of protoplasts.

Assay condition Chitin synthetase
. (units/mg protein)
[
-l/
{

sprotoplasts reverted protoplasts*

control ' .2 £ 0.7 ©16.8 + 11.7 - -

+ 20 mM GlcNAc : 44.4 + 11.6
+ colloidal chitin ‘ 28.7 + 6.1
(0.5 mg)

+ colloidal chitin i i 61.3°t 7.0
(0.5 mg) and
20 mM GleNAc

+ polyoxin D#**
S (2 x 10™4m) | -

- ’” ' .
: * reverted protoplasts assayed after 48 hours of reversion.

** polyoxin D eliminated all activity under_ all assay'con- &
ditiqns. . -

-

Table 10. Effect of trypsin digestion on protoplast fchitin

synthetase" activity:

T

"Chitin synthetase"
{units/mg protein)

before trypsin '~ ° after trypsin

control . | +20 mM GlcNAc

protoplasts | = 1.2 48,2 % 12.8 | 97.5, 68.5

reverted 16.8 . 131.4 = 22.2 | 204.3
protoplasts . L
non-reverting 11.1
protoplasts :
10.4




Effect of trypsin digestion on the
incorporat{on pf;;adioacgiVity'from UDP-

N-acetyl[ﬁ-¥4C]GlcNH into particulate

2
miterial in protopldst homogenates.

[

protoplast homogenate -

non-reverting protoplast homogenate
wp——

s

t

Aoy POy P
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amounts of the latent enzyme activity (Table 10).
These results indicate either that the initial vproto-

plast suspension contained two populations of protoplasts in

»

terms of total chitin svnthetase activity or that the low R

chitin synthetase activitv of the non-reverting orotoplasts

was a result of general deterioration of these cells.

ﬂ@.s Chitin synthetase of protoplasts released from

\“

Neurospora crassa mvcelia at different times

Protoplasts were released from Neurospora crassa mvcelia

over a ten hour time period as a result of digestion with ~
"snail gut" enéyme (see chapter III). ‘The chitin synthetase. -~
activity of protoplasts released between zero and two hours
had the highest levels of activiﬁy. As dige;tion proceeded,
the specific activity of this enzyme progressive%} decreased
until ten hours where ﬁrotoplést release had ceasea. After
that time, the activitv remained stable up to at least six;eeﬁ
hours. .The latent form of the enzvme was also highest in
0-2 hour protoplasts; it decreased to the»sé%e extent-;g the
active form-of the enzyme up to ten hours. Befween ten ;ﬁd, .
s'ixteen hours, the latent activity increased (Table 1ll).

- Although these resu{ts seemed to suggest two popuiations
of protoplasts, the_specific activity of chit;i synthetaég of
the 0-2 hour protoplasts (14.2 units/mq) wa;_the same as the
enzyme activity of mycelia (11.6 units/mg) from which the
protoﬁiasts were derived. ?herefore, the decrease in acti-

vity was likely a result of prolonged contact with the "snail

gut" preparation since the activity stabilized when protoplast

[

]
”
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Table 1il.

g

Chitin synthetase activity of protoplas{s.

R
.

released from:Neurospora .crassa mvcelia

.
T

during the "snail gut" digestion period.

Time of
protoplast
release
(hours)

Chitin synthetase
(units/mg protein)

.
Fd .

-

control after

16

l?.7

assays

mM GlcNAc..

-

-




{ ..
; - . ' . . ‘
- ‘ release ceased. The deterioration-in the protoolasts was

apparentlv specific since there was essentially no.change
- . = ) . N -./ ’

- in the.glvcogen-protein or DNA-ordtein ratios over the ten

hour release period (Table 12). The failure of the major-

=Y

b ity of the protoplasgs to- revert was probably a result of

- >

. e -
eneral membrane damage caus v the "snail qut" prepara-
g g Y g

1

1 l - tion. ] _ 3

! \
~ The protoplasts released between zero and two hours of

v aigegtion'were mainly apicai protoplasts (see chapter TII).
' On examlnat%pn of these protoolasts, it was found that only
:7, 13% underwent reversion. Althouch the soe01f1c activity of
"the chitin svnthetase of these protoplastsawas the same as

w7 A4 3

the mycellal eqzvme, sugqestlng limited or no membrane dam-

>

v

fqgé, the-specific activity of the latent ‘enzvme (55.2 units/
Vmé)‘was algeadymless“than that of the mycelial enzvme (135

) units/mé). vPefhaps;*theée protoplasts are alreadv consider-

dbly damaged: e -
- ' .Dxécussxon

q
o - o= . The studv of in vivo chitin biosynthesis during oroto-
; '(A

plast rever51on requlres the lncornoratlon of%a radloactlve

1~ c.
" -

) precursor of Chltln. The uptake of tritium from UDP-N- acetyl
‘ [6- H]GlcNHz, the substrate of Chltln s;nthetase, *into revert-
f{ I. ing protoplasts proceedgd’wlth a flve hour lag period. Slnce
- : ﬁhé&éotiég‘sugars have‘genérélly.been shown not to be trans-
B ported across the plasmarmembrane (Keenan and Mof?e, 1975;

& 3 §§ ‘, Pratt rand Grimes, 1976) and the substrate was found to hydro-

- ©

. ' _lyse during the reversion process, the incorporation of

v, ! " , AN - s . LY
L : ‘? )
- .
- - - »
¢
.




Table 1l2.

Glycogen and DNA levels of protoplasts

released from Neurospora crassa mycelia

during-the "snail gut" digestion period.

Time of
protoplast
release
(hours)

Glycogen

(ug/mg protein)

DNA
(ug/mg protein)

Y

52.3 °

73.9

76.3, 74.6

~3.9, 3.0
f

3.6




[ tritium was likelv a fesult of the transport of a hvdro-
- . » L] . M

'-lvsis product. THe-hverivsis'of UDP-N~acetvlT§-3HJGlcNH

2

could be a result of..contamination of the vbréparation with ' _
- s ~ - .

» . ° M

"snail gqut"” enzvme which readily hydrolvses UDP-GlcNAc. Aléo,

the plasma membrane of varioys cells, for example liver hepa-

[

tocytes, ‘have nuclédtide sugar dggradingjenivmeéibound'to

the plaéga,memb}ané (Fleischer and Fleischer,'196§; Evans,

—-

1964) . ‘

Q
The radioactivity incorporated into the particulate

. 3 ‘ - . . PPN ) )
fraction from ["H)glucosamine was identified as chitin on

N .

the Sasis_of_ihe following properties. The materia% was

insoluble in ya;er and 1N KOH but could be‘hydrolyzed by
,’strong acid and chitinase. Thé product from acid hvdrolvsise

was identified\by electrqphoresis as glucosamine. This tech-

nigue does not\permit the separation of glucosamine from gal- -
4 e . ’

3
-t

agﬁosamiﬂé. Trevithick and Metzenberg (1966) as well as

Schmit et al., (1975) have shown that wild type Neurospora
l .- - .

crassa mvcelium have much lower levels ‘of gglattosamine

¢ ' ’

polymers compared {to the levels of chitin. The galactosamine

polymers of Nepfos ora crassa .are §oluble in alkali

(Mahadévan and Tatum, 1965) and";;pce only 5% of the particu-
late fraction Qas élkali solup}e.in this gasé, only small
guantities of galactosamine\would/be present in-our ﬁydro-‘/-\
lante. ?hg product released by éhiﬁinase hyd}olysis was iden-
tified as GlcNAc by paper chrdhatography. Chitinases normélly

release diacetylchitbbiose from chitiﬁiﬁhich is subsequently

.hydrolyzed to;éléNAc by chitobiase (Jeuniaux, 1968). The

N
<

-

R B A o T T
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-

o - N

- . Streptomvces griseus preparation of chitinase used in this
. . ) FEn
) studv has been shown to have both activities (Revynolds, 1954).
- = 3

A : .
-~ _  Only 8Q% of the particulate 'fraction was sensitive to chitin-

ase didestior and therefore this fraction contains glucosa-

—— e

-

: miné in other polymers.
' The biosynthesis 0f chitin proceeded with at least a
' ) six hour lag peripd'even though chitin synthetase activitv
was present in freshlv prepared protorlasts. One can argue

that chitin was produced,immediately but was?lost into the

.-

reversion medium due to the lack of supporting wall material
as is the case in yeast protoplast cell wall biosynthesis
* (Necas, 1971). This possibility is unlikely, however, since

..
dense wall-like haterial was formed as éarly.as one hour after -

o

* < . incubation in reversion medium (see chapter III).
o Chitin was formed after the protoplasts had encvsted-and
appeared at the same time as the germ tubes. The encysted -

non-reverting protoplasts did have a small amount of chitin

o associated with them after 48 hours of incubation in reversion
. '? ¥y 4
. ° Q" .
medium. In contrast to our results, no apparent relationship

‘between germ tube formation and chitin synthesis was found

o

- in the S.- commune péotoplast system by de Vries and Wessels,

N v

(1975) . In their study, the encysted protoplasts formed large 1

amounts, of chitin prior to the appearance of the germ tube. CoN
. A :

Germ tube formation did not result in an iﬂcreased rate of

° -$

-~ " chitin synthesis: Regardless of this difference both rever-

sion systems were inhibited by polyoxin D, a specific inhi-
bitor of chitin synthetasei Polvoxin D, aispecific competi-

- N -




tive inhibitor of chitin syﬁthetase,in Neurospora crassa,’
was able to inhibif, reversion at the same concentrations
used to inhibit mycelial growth. Polyoxin D inhibited proto-

5 and 2 x 10" M re-

plast reversion 68% and 86% at 2 x 10~

spectively; Endo et al. (1970a) found that these concéntraj

tions inhibited mycelial growth 56% and 89%., The effective
Ll -+

concentrations of polyoxin D were much higher than the Ki ey

s o T

SN

determined for the inhibition of the in vitro chitin svnthe-

* tase activity by Endo et al. (1970a) but were in the concen-
traéion range which inhibite@,thé'iﬂéorporation of [3H]‘
gluéésamine into chitin under in vivo conditions. Endo et al.
(i970a) suggested that this was the result of a transport
problem. In agreement with this suggestion, ;he_adéifion of

polyoxin D {2 x 107°

M) to the pfotoplést reversion system at
24 hours did not effect reversion until after 28 hours ; thi§
lag was the result of poor transport since no effect on the
incorporation of [3H]glucosamine into the particu;ate gr;ction
occurred during this four hour interval. The addition of
polyogin D to fhe reverting-protoplast system after the re-
generaéion phase did not change its effect; apparently poiy@gin
D affected a specific event associa?ed with gefm tube forma-
tion. Even though polyoxin® D inhibited reversisn, it was very
icult to show that this effect is due to the specific inhi-
bition|of chitin s?ntheta§e in this system. 1In this context,

it shbuld be kept in mind that polyoxin D has been found to

no effect on respiration and the™synthesis of DNA, RNA,

protein or phospholipid in Neurospora crassa (Endo et al.,

P T 2 S B
4 HABGERERE IR e L




~:Ftivity from UDP—N-acetyl[U-l4C]GlcNH

9

.

1970a).. Alsg, polyoxin D did not have any effect on the

growth of the, "natural, protoplast", the N. crassa slime
mutdn (see chapter V3J which does not form chitin. 6ther
chitin lacking organisms including bactefia; plants and
animals (Isono gﬁ_gl., 1967). also are unaffected bv peolvoxin

v °

D. Based on this specificity, active chitin svnthesis appears

Q

" to be a requirément for protoplast reversion.
¢ .

The mvcelial chitin svnthetase formed chitin from UDP-

N—acetyl[U--l‘i-C]GlcNH2 (0.1 mM) only in the presence of.20 mM

0

GlcNAc although smaller amounts of radioactivity were iﬁpor-

»

porated into non-chitinous material in the'ébsence of GlcNAc

(see chapter V). Protoplasts obtained from Neurospora crassa

mycelia also incorporated small amounts of radioactivity from

~ s

-UDP.--N--acetyl[U~14C]G19NH2 (0.1 mM) into particulate material,

a reaction which was greatly stimulated by 20 mﬁgGicNAc: The
. N 1 . X .-
GlcNAc stimulated-activity of protorlast preparations was,
L
therefore, taken as chitin synthetase activity. Protoplasts

had small -amounts of chitin synthetase activitv. Since proto-

. : -1
plasts apparently lack chitin, colloidal chitin was added to

the assav system to act as a possiblt "primer". Addition of
colloidal chitin had no effect on activity (GlcNAc stimulated
- ) ’

activity) but it did stifiulate the incorporation of radio-
into particulate

.
57

2
material. Both of these activities increased during reversion

of the protoplasts. These activities are likely due to two
. & : . ’
distinct enzymes since Glaser- and Brown (1957) succeeded in




~ . -
solubilizing the GlcNAc independent enzvme. The existence

E- 4

gﬁ_of these two enzymés might clarify the inconsistency of
results reported by various investigators on the effects of

addition of chitodextrins to crude chitin synthetase prepar-

> ations (see chapter'I). The  significance of the GlcNAc inde-

.o
pendent enzyme in chitin synthesis is, unknown; possibly it
S .

. represents a nonspecific transferase activity. -
-

- - Chitin synthetase activity in Neurospora crassa mycelium

was found to exist mainlv (90%) in a latent form which could .

be activated b§ trypsin digestion. Protoplast chitin synthe-

tase also:existed primarilv as a latent fgrm. On geversion,‘
i' the aé{;vity of the latent form of the enzvme increased 2-3

g fold, whéreas the active form of the enzyme increased some

10 fold, hence a decreasing proportion of the total activity

§ TR e

was latent. Both forms of the enzyme also increase in speci-

fic activity during’ﬁ;celial growth. The-relationship between
. the active and latent activities igmgpknowh but thévmpave ; -

éimilar'properties; stiﬁulégion by GlcNAc and inhibition by
; polyoxin D.

) , o . .

The-non—reverting protoplaégg had lqw tota} chit%n syn-
i thetase levels (lack of the latent form) compared to freshly
'isolatéd'protoblaétsi %his condition.could have resulted
grom eithér a general deterioration'of the non~re§érting‘
protoplasts or the existence in the original protoplast sus-

pension of two different protoplast populations which differed
. X

in their chitin synthetase activity. The original protoplast
- 4 :

e

1
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“
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4
suspension did consist of at least two populations of proto-
plasts in terms of their origin, apical and non-apical proto-
plasts (see chapter III). Autoradiographic studies of chitin

synthesis in Neurospora crassa mycelium have indicated that

most of the chitin was deposited at'the apex (Gooday, 1971).
Therefore, one might'éxpect apical prétoplasts.;o have higher
levels of chitin synthetase than protoplésts.originqting behind
the apex. Indeed, examination of the chitin synthetase acti-
tivity of pfotoplasts released from mycelia at different times
showed a progressive decrease in activity. The apical proto-

»

plasts which were released first (see chapte? III) had the
highest levels of activity. If tbg apical protoplasts did have
much highef levels of cﬁitin synthetase activity as compared
to non-apical protoplasts, then their specific activity should
have been greater th;n theimycelia froﬂ:which the tqtal proto-

plast‘suépenéion was derived. This was not found to be the.gase:

Archer (;977) found that the apical protogla§ts of Aspergillus

fﬁmigatus:pad‘high levels ‘of chitin synthetase compared to
. &

4

mycelia. However, the protoplasts were derived from mycel%é
which were grown under difgerent conditiohs }agar cultures)
than thg mycelia used for comparison (shake culéure). Since
specific activity of fungal chitin synthetase varies tremen-
dously with age (Peberdy and Moore, 1975; McMurrougg/éz:gir,
1971), then the abovelcoﬁparison mﬂght not be valid. The
'auto¥adio%§aphic results on Nehrospora crassa cannot be ex-

- . . .
plained on the basis of large concentration of chitin synthg-

tase at the apex. Possibly, the large chitin synthesizing

C et




5 7 ‘
capacity “the apex is a result of high localized levels of
w“,,théﬁﬁéziQator GIcNAc.
The progressively lowér levels of chitin svnthetase acti-

vity fouand during‘the protoplast release was probably the
~result.of contact with the "shaif’gut" enzyme since the de-
crease in éctiyitv stopped at fhe s gme time ,as protoplast
“release ceased (10 hours). T ovgrail decrease in activity
was .not due to a general deterioration of these cells since
no changes in DNA/protein or glycogen/protein ratios occurred
during, this time period. T@e specific location of chitin

synthetase in Neurospora crassa is unknown but in other fun-

gal systems, it has been found to be lqcalized in the plasma
membrane’ (Duran et al., 1975; Jan, 1974). Tﬂis location would.
be consistent 'with the effects of the "snail gut“ preparation
on chitin synthetase since this preparation must work at the
level of the pLés;; membrane. Since theeo-thour protoblasts

had the same levels-of activity of active chitin svnthgtgée

as the mycelia froT which they were derived, then all of the

active form 'must be located Qithin the plasma membrane -rather
than in the céil wall which was removed by the "snail gut"
enzyme, The latent activity of the .0- -2 hour protoplast pre-~
paration was only 50% of the mycelial activity, perhaps a good
part of the:latent activity is in the cell wall Mtern“§
tively, the latent activity might be more senSLtlve to the
snail enzyme than the active form but this is unlikely since

Al . o
both activities decreased at the same rate during the digest-

ion period.
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¢ ) )
The relationship between reversion abilitv, protoolast
6rigin and chitin synthetase levels was not clear. .The :
apical protoplasts (0-2 hours) had little contact with the 1

"snail gut" preparation and apparently were undahaged as the

’

chitin synthetasé levels were "normal", vet, thev still had
a low ability to revert.. Apparentlv, the feverting proto-

plast's arise from the non-apical portioné of the mvcelia.

~

The reverting protoplasts are most likely those released last
‘from gh4 mycelia and only had verv short contact time with

an active "snail gut" enzyme. The protbﬁlasts may be damaged

by the "snail gut” prepa;ation/to varying deqrees depending

on the contact time. This fg indicated by tbe‘numerous proto-

plast types féund in the total pppulation, the "leakvy", proto-
W>kplasts which have internal Calcofluor staining, the protoplasts

which were not "leaky" but coﬁldxpot regenerate a wall, the

.~

prOFOplasts which regenerated a wall but could not revert and

v

finally those protoplasts which regenerated and did revert.

T
v
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CHAPTER V CHITIN BIOSYNTHESIS IN THE SLIME MUTANT OF
A

A

- NEUROSPORA CRASSA

The slime mutant of Neurospora crassa grows mainly as a

singie cell which is apﬁareﬁtly devoid of a cell wall
(Bigger gg_gll,_l972). It can therefore be regarqed as a
"natural protoélast" which does not possess the ability to
revert back to the mycelial state,>presumab1y due gp génetic
defects. Genetic analysis has shc;wn that the sl'ime},utant
involves at least three distinct morphological iocii referred
to as spontaneous germination (sg), fuZzy (fz) Qnd osmotic
(0os) (Emerson, 1963). (
\ a, -
In_view of the apparent relationship betweéen chitin bio-

synthesis and germ tube formation in reverting protoplasts or

germ tube extension in wild type Neurospora crassa, the chitin

biosynthesis of this "natural protoplast" was examined.

RESULTS °
- N—

5.1 Chitin content of ‘slime mutant and wild type mycelia of

Lo
<

Neurospora crassa

.

Examination of the slime mutant by electron microscopy
(Figure 30) confirmed the absence of the bulk of cell wall

material. Closer examination of the plasma membrane indi~

cated the presence of fuzty regions of material at the cell

surface. The slime mutant did not stain with Calcofluor White
M 2R New (see chapter III).

" The amount of chitin present in the slime mutant was com-
pared to that present in wild type_mycelié by quantitating the

“amount of glucosamine present in the 101,000 x g pellets ob-

-




Figure 30a. Electron microaraph of the Neurospora

crassa slime mutant.

(magnification - é§,600 x)

~ 4

" Figure 30b. . Electron micrograph of the Néhrosgora

“ i
- : . \
, crassa slime mutant showing the plasma

membrane.
;W

(magnification - 53,600 x)

»
’
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ta1ned°frqm crude«hdmogenates after.ac1d hydrolxsrs,' As "

¥
‘shown in Table- 13, the mutant- nossessed énly 7. 1% of the glu-
. - : e,
cbsamine levels'of the wrld tvpe mvcella—expressed in terms

of ug glucosamlne per'total cellular proteln. .A ‘high speed

/
pellet_from the growth me ﬁum of the sllme mutant ‘also .con-

A

e ¢
.

‘'a . R NEPTRN
tained small quantities of lucosamlne.
. .. . - . \’\

5.2 - incorporation of [3H]glu Ssamine Jbv the slime mutant,

‘and Wlld tvpe mycella of>£eprospora crassa :

Although these results 1ndleated that .the srime mutant

of ‘Neurospora crassa did not produce much chitin, they did not

tell us whether thé small amount of glucosamine féund was

derived from chitin. In orderto détermihe the.source-of this

.
o

material, the following experiment were carried out. The

¢

slime mutant was grown in the presence ofv[3H]glucosamine to
14 ? M »

.

. mid—log phaée and then harvested. The cells incorporated a /

large amount of tritium, "the largest prpﬁbrtion of Whlch was X

found in the high speed supernatant (Table 14) . The radlo— .
" activify inmthe high Speed pellet was. largely (80%) soluble -

in IN KOH. Acid hydrolysis of this fraction indicated that .

the radloact1v1ty was present as galactosamlne, not glucosa—

I'd

—— o

mine (Table 15) However, the~lN KOH 1nsoluble fraction gave . |
glucosamlne upon acxd.hydroly51s. The alkali insoluble fract-

tlon was solublllzed to the extent of 66% by chltlnase dlges—

o

tion. Further examlnataon of the chltlnase hydrolysate by ion,

exchange (Table 16) and paper chromatography (Table 17) .indi-

cated that the products released by chltlnase hydrolysis. were

-

-

e
Qe Nk
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-
N
~J

. .»fi 'fgblé 13.. "cChitin"content of the séime mutant and .

R S wild type mvcelia of Neurosvora crassa.

K Organism . ug‘élpcésamine per )
p . A e total cellular protein (mg; ' )
R §oowild tyoe L QN10.9 2 2.8 , .
.o : N . slime"‘ - n S 0ﬂ8-£'0.2 .
C T . slines . 2.1 ¢ 0.8 I
o ‘;f”””sliTe** o " 0.6 -7 oo . -
gj: a " . Note: The 101,000 x g pelleé‘frbm"E;;é;—;;mogenateso » )
g' o ’ \. was spbjeétgd tg'digestion wi£h 1IN KOH prior /
cj to acid hydrolysis. ,‘“ - - .
. v ! ‘

“sliﬁe;mntant was grown in a medium containing 2.5%
leNAe: 7 s

‘e ~

- . LI \ .
- N : N » . o
g pellet obtained from the growth.medipm #

Of the'slife mitant, 7 - " . -

ey,




, Table 14.

. d

o

Metabdlism

-

of Neurospora crassa.

-

of ﬁu:_QHSQOmmBM:m by .tHe slime mutant and €ww&.ﬁ<wm a<omwwm\

Ry

9

N

v

oﬁamowmau.eonmw % of the total radioactivity: indorporated .
“ - | radio- . , ' ) . .
_ activity ' . .
ST incorporated . ‘ %, -
) (31 dpm x\107] : N . . o
pellet. supernatant growth w. pellet. pellet growth

w. K . media after 1IN | after °{.media
| ) o ' ) KOH chitinase |’ after .

. ' ¢ o o~ | digéstion | digestion| chitinase
ﬁ . \ - -| digestion

© slime 3.28 +. + 0.7] 54.1 + 0.7 | 13.2.+ 3.1 9.2 + 3.3 3.2
' mutant N : . ’ -1

. wila n<mJ 2.64.+ 0.15 [83.4 + 1.1] 11.7 + 1.1 7.1 % 3.4 | 59.8 £ 5.2 5.7 .

Z

w Note:

for 60 minutes.
1 . N
tive dialysis against water.

The radioactivity in the @HOSﬁ:%?mmww,Smm determined after exhaus-

‘.

H

)

)

The pellet and supernatant mHmonwo:m.smHm obtained by ce

&l

b " ents by subjecting the hydrolysate to cwnﬂmmwwnnmwwosﬂAGan,amsvwm:mvmm

.

It

smemcawnwoa.mﬂ wow~moo X g

{

The chitinase digested growth media was examined for small molecular weight compon-

-

-
A
‘

B T e R ETrPaE
H Yo 5 ,“M\l"f"f

=
3




Table 15. Chromatbqraphy of the acid hvdrolvsate of the

-

101,000 x g pellet of the slime mutant of

Neurospora crassa after incormoration of

[3H]glucosapine.
=4

~

Fraction

101,000 x g .
pellet . (80) **
o , .56 (20)

101,000 x g
pellet after
1IN KOH digestion
glucosaminé

galactosamine

re

* chromatogravhy system C.

“~

** _values in parenthesis represent percentages of total

~

radioactivity in each peak.

-
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Table 16. Ion exchange chromatography (Amberlite MB-3)
of the chitinase solubilized radioactivity

from the 101,000 x g pellet of the slime

- mutant of Neurospora crassa after incorpora-

tion of [3H]glucosamine.

Ekpeqiment [3H] loaded [3H] recovered $ of [3H] ’ u
onto column in neutral recovered in
(dpm) - fraction (dpm)’ neutral
) fraction
. 1 76,473 3,231, : 4,2
2 148,632 - 717,100 11.5
. - ‘ -
s ) )
"Jk
; * Table 17. Paper chromatography of the neutral fraction
§ * ° from the Amberlite MB=3 column.,
§ ) ) .. \ . *
’ Sample - Re -
3 i . . c . ) *%
3 " neutral fraction 0.00 {33)
. o ’ '
! s 0.34-(67)
3 . ¢
‘ GlcNAc ' - 0.53
N,N-diacetylchitobiose 0.43 el
C * chromatography system B. ( E . ]
1 ** values in parenthesis rePresent percentages of total ‘ﬁ
radioactivity in neutral fraction. ¥
I
- N

T
77,
s

b
>,
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-
°

-

not N,N-diacetylchitobiose nor GlcNAc, the two products nor-

mally'formea by chitinase digestﬁon of chitin., Therefore,

-
»

ﬂ; ’ the conclusion was feached_that chitin was completely absent

a

from the slime mutant of Neurospora Crassa.

In orésj’%o examine the possibility that chitin was syn;
thesized but éxc;efed by the slime mutant, the growth medium
from the above experiments was examined for chitin.{iThe growth
medium after dialysis did contain some radioactivitf'in high

, molecular weight compounds (MW >5000) but it was_foqu to be
resistant to chitinase digestion (Table 14). -

For compaggtive purposes, the metabolism of [3H]g1ucosa-

was also examined. In contrast to

*
the slime mutant, over 80% of -the radioactivity incorporated

mine by wild type mycelia
was found in the high speed péllet. This fraction,&as largely

insoluble in 1N KOH but was completely sensitive to chitinase

-

v e e
4

digestion. A small proportion (7%) of the total radioactivity

incorporated was also excreted in the, form of high molecular

£ J

o © weight (MW >5000) components (Table 14), :
Y4

i 5.3 Effect of polyoxin D on the growth of the slime mutant of

,
»

; . Neurospora crassa v

i ’ Since .the sliﬁeﬂmutant was totally devoid.of chitin,

polyoxin D should have no effect on its growth. 1Indeed, a
) - 4
4 -

concentration of 2 x 10" °M polyoxin D had no effect on the

.

growth of the slime mutant (Table 18). It also had no effect

on the incorporation of [3H]glucosamine into the 1N KOH

resistant-high speed pefiet (Table 19). ¢
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Table 18.

k"

Effect of polyoxin D-on growth of the slime

mutaht of Neurospora crassa.

Experiment

&

Sample time
{hours)

Optical densi

ty (600 mu)

control .«

polyox1n D

(2 x 1074M)
-

0.11

TéQle 19.

*

2

Effect of polyoxih D on the incorporation of

[3H]glucosamine‘by the slime mutant of

Neurospora crassa*.'

-~

&

Total [3H]
incorporated
(dpm)

L

2 of total radioactivmty

1ncorporated

101,000 x g

* pellet

101, OOOnx g
pellet after
1IN KOH -
digestion

‘control

polyoxin D
(2 x 10™4m)

338,443
463,854

-

13.2 -
13.2

* [3H]glucosamine was added at time 0 and the cells were

harvested after 24 hours.

-
]

N N YTy N T e
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]
: .
1, o - - . '_ut*
¢ 5.4 Identification of soluble metabolites of [3H]91ucosamine
w in tHRe slime mutant of Neurospora crassa . #

Since the slime mutant was unable to produce chitin, an
effort washﬁgée ﬁo locate the defect in the chitin bio-
synthetic pathwaJ. The high speed sunernataﬁts from ghe [3H]

—
";;> ' glucosamine incorvoration experiments were examined for known
’ intermediates of the chitih pathway by ion exchange chroma-
tograéhy. Figure 31 ;ﬁows the elution®profile of radioactiv-
ity from atDowex I formate column eluted with water'followed
by a linear gradient of 1M ammonium formate. Three peaks

>

were eluted which consisted of twenty-nine (I), seventeen (II)
and fifty-four_(III) percent of the radioactivity loaded onto -
- the column (Figure 31). The column was standardized with

.. ) , - -
. GlcNAc, GlcNAc-1-PO4 and UDP-GlcNAc (Figure 32). The three

unknowns eluted in the same positions as the standard§.
. R ] '
The two salt-eluted fractions (II- and III) were loaded
, " - )

"ohtq a Sephadex G-10. column and eluted with water (Figure 33).
Althqugh this step was carried out to desalt the fractions,

fraction II was resolved into a large (II-1)  and a small

'(II>2) molecular weight component. Fraction-III gave a single

peak at the void volume. The fractions were further examined
A .

by paper chromatography and electrophoresis (gsummarized in

- Table 20). Fraction III migrated with.the same Re (0.1) gas

L

standard “UDP-GlcNAc in chromatography system B and migrated

7,

_ the same,distance as UDP-GlcNAc upon electrophoresis™ (7.0 cm).

After acid hydrolysis, fraction III gave a single peak with

-“.

e




-

Dowex I column chromatography of the

101,000 x_ g supernatant of the Neurospora
crassa slime mutant after [3H]glucosamine
incorporation. .

- the NH,COOH grgdient wag started at tube 10

4
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R N e e i i AR
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Figure 33. Seandex G—lo‘éolumn chromatography of the

.

fractions obhtained from the Dowex I column.

Fractioh.IIf L Jp—

Fraction II A=

v

- the larger molecular weight species of fraction

-

II was labelled II-1, the smaller species II-2.

o, T -




o0

l

o))

H dpm x 10-%).

4

S®
>
-—

‘e

Radioactiv

A.

30 4

©

.Fraciibq ‘Number -




¢
. : . C AR e f
O “ T . . o 8 o .
~t . P : ) : o ’ . tou & |
- o535t : <. : . 4 .
v o o - » - 7 . ] ° K : -1
. B S
. . ..\ﬂ . [ . . e . R . w R - 3.
5 . . & " '~ 5 ® . . - o, . . . 8} o .- .. -, 3 WV
* ° ’ . . " " ? ' ’ . . Py e - . |
emvwm‘wo. 6Hovmﬂnwmw of moHchm.Bmﬂ%Nowwnmm of n:& mwpam mutant om szHomvonw.oanmm el
'y ' o - R N b Al
_ ‘ after’ [ mu@HSQOmmbsm pSQOHvonm&pos . o0 . e . '
] w . . ’ > v i - P .
v - T J - " " ” .
| . system L F « Rf oOr apmwwmnm ?H@&mmmmnﬁwos onpapb AQEV o gre T
. . N . . . . - - . A S . v N
. ' . . A PE 4 4 . N ~ N . .-
~ . - CIIT i IT-2 II-A. 0 T At L cuv QHOZ>0 nwozmw mmpzmm GlcNAc . ,
. ' . .. B e PR . . X . .
’ . . * ; o : T T SN ..\ 2 - - \. .
' 4 . : o« VT - . : . . aq
~ Lo chromatography B 0.10 0.53 o..v.oo.. Amo.v» 0.10..° : o.w.w : - 0,53/ . g
n > v ) ) \o \ tl., .\~\ . ‘., > - .0 % \nl . r.\“
) N . L . a - _ 0 ...w“w AmOv. 1 \ PR o~ i P r <, ° ,
.. - . . . . 4 ' . ‘- PEEN T *
.- OJHOanOQHmU:% B** 0.37 "= ~ . 0.37 . L] - . A -7 . -
, ‘... ~ 4 . R . ..s@ - . ‘. . : * . . . "
, ' chromatodraphv C** NGE - - - 4= " 0.57 0.46 - e
. - i - y .‘.4. ’ < L - .
| ; IR -0.46(25) - = - eI - - -
”.\ a, . S . _— . . .. o > -
S . €electrophoresis 7.0 (d)**x*x o .. o - (+) 10.0 (=) -~ 0
. : RGN . . . \ . R : ! -
S 1 - . - L - I e : -
j. ﬂ ’ ., 4 ) - o . - ~ o .
R * ” in n:m case .of multiple Q:Hoamnoaumvswo vmmxm, the percentage of each weak #¢..in .- .
_ - T Umﬁmnﬁsmmvm. ‘ oy . e, . . - _
. : . coy ) - )
| . . o .o -
* %k mmnmh :%mHoH<MPm £pn3 3'N HCl Awoooov for 3.hours . - ) - .
[ ’ ) 1 T ' v
oo, Te ¢ . ; § 2, Y
f *k ok n:m + or - in parenthesis Hmuﬁmmmsﬁm the direction of migration ‘from the origin *
~ . . . - " . * - >
— - . - s ) ) -5
| during electrophoresisg. \ s ‘ ® o T
. . ‘ » & o
| . . ] . 2 ° Cm Cooe T . “
] fn. [ N * . : -\ o . .
> ) . ‘ - . , . < e 0 ‘ [
_ . \ S X . . \
. ¢ . . . . . . L
_ N ' ¢ M N . I3 . ) -
ra ‘ . . " < . . o . C.
w Ps ' ’ * \I\
‘ v 3 e, B4 ‘ + v . - %X.cv\ .\pi.?. ....u::.:!gi\.”.. e o £i5§§7§~§# ST




T, “ '
% -

. oeak w1th the same ‘as galactosamlne

2y

At

Rf

..,wv;\‘

rof whréh.mldratea wlth the same Rf (0?53) as GlcNAc; the

- ".»

*a. -

remalned at.tﬁe orlcln. After acid hvdrolv51s, it cave

I3

ql,fpeak wh1ch mlgrated ‘Wwith the same Rf Q. 37) as GlcNHj.

-
-

1deqt1f1ed combound or oolvmer.' Fraction If—l‘remained .

S, N .
.‘li, :

3 {v»&&at thé orlc;

&5 Neave '
_h» <

n 1n chromatograohv svstem B and was unidentified. 7
5

?xactlon~II % mlarated with the same*Rp as GlcNac (0. 53%\3n
l
v svstem B .and remained at'-the: origin durlno

N ecﬁggphoresrs Since the orlglnal comoonents of fraction

‘~.
et 4 .,,.,.

IIAwerﬁ comnounds oosseSSan .a nét charge, then the GlcNAc
4\’7" *

must,have resulted as a breakdown oroduct of the original '
l .' ;‘-. ‘\," v 4 h
i

mpannd‘J ?raétlon I1=2- was tentatlvelv 1dent1f1ed as e GlcNAc— '

. . » -
- Lt ) LY . : '.l T >
, > - PURR .

; ",5 3 “Exaﬂinatlon of the turnover‘ of the’ radloactlve soluble

X /« “ N Es
)7 A s IO -~ o f "
5

£tactlon ﬁrom the sllme mutant of Neurosoora crassa .-

"~Qtzo

“’(

ree *'Slnnéwthe major. soluble metabollte of [ H]glucosamlh&

2t 3.

v mefabollsm rn the sllme mutadt was ldentlfled as UDP—GicNAc, :

i 1t was éf 1nterest to see 1f it was the precursor of the

-&

o . A

-y FE

)

partléulate materlal Indeed,\%§st‘of the solubie fractlon

gv

:‘ ,(72%! turned over wlthln the firlt 4 hours,

Io .

The rad10act1v1ty

- -anpeared malnly in the hlgh speed pellet (60%) but a szgnl-

%qﬁﬁhm,.um,.wcv.x .
. ‘ * o1 N t - I
R




’
s

.. 2y e
-

Pl

- . - v ‘crease in radioactivitv in the oellet fraction was diyvided .

. e

between the alka11 resistant (60%) gnd alka11 sen51t1ve (40%)
L‘\

®, e e AP AT

%

“

.. . R fractions (Table 21). - |

°

Since QPD-GlcﬁAC was the major soluble metabolite of

s

("Hlglucosamine in the slifie mutant, the in vivo defect in-
. . chitin svnthesis was apparénﬁly at the level of "the .enzyme

’

chitin synthetase.

. - -
- .

. L In order to examine the possibilitv of an additional

%

-defect existing pri.r
. way since the fixst steo pf the chitin ?athwa?fﬁs by-passed -
i, ‘ in the [3H]glucosamine e eriments, the. slime mutant was

grown in the presence of FlcNAc as an extra carbon source.
<

Growth in GlcNAc contalnlngimqkium .did .not 51qn1f1cantlv

1ncrease the leveLs of qlucosamlne in the oartlculate frac-

i . tion of the sllme mutant (see_Tablell3)“and,ctherefore, it

& -

a o was unlikely thatra défect prior to alncosémine46~204'in the

Y

chitin pathwav was responslble for the lack of Chltln.-

; ' 5.6 L-glutamlne D~fructose 6~ Po4 transamldase
‘ . ‘
}
1

. Althouqh it dgs unllkely that a‘'defect occurred 1n the

\

Chltln oathwav Drlor to the formatlon of glucosamlne-ﬁ POy~

-the soec1‘1c act1v1ty of the flrst enzvme in the chitin path-
¥ ' o wav L-glutamine D-fructose-6- PO4 transamlda%e was- determlned

e in the slime mutant and w11d type myeelia 51nce 1t is: an R

b \

g ' 1mportant control point ‘in thlS pathway. High speed super-

natants ffom both mycellal and sllme mutant homogenates

0

‘s ~ o

PO formed glueosamlne—6~P04 from L-glutamine and fructose 6 POy "

"~ s
- N ¢
e , ! . . ¢ v

samine-6-P0, in the chitin path-

~

RS
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Table 21. - Examination of the "flow" of radioactivity in ﬁ:m.%mwamuﬁsnmwn of Neurospora
crassa* after meuowco.o.mmawﬁm wsnou..vonmﬁ.o:.. g . ¢
Time Radiocactivity in . Jmmwowoww<wﬂ< in ‘ .ﬂmm»oponw&.n% in «
{houxrs) 101,000 x g ’ © 101,000 x g pellet | . growth medium
supernatant . (épm)_ . (dpm)
(épm) | [ : .
) alkali : alkali . .
. ’ soluble .“ insoluble - ) D
] LR . . - N J’
0 T 28,140 10,120 - 3,345 10,088
: 4 10,178 15,570 . | 6,549 15,675 5 -
M o : : N .
: 6 ‘8,100 .| 15,054, . 5,389 Y 16,151
P o ’ v u.m ‘ ‘ 1
8 12 - . 15,147 . 7,208 . 17,520
change -20,328 A+ 5,456 |} +3,863 | . % 7,432
— - H . i — -~ u : ‘ A
* glime cells were previously grown for 24 hours in presence of [“H]glucosamine priox. = ~
to isolation and suspension in non-radioactive media. . N -
2 . 3 -v\ “ R » ” . '.m,
. ¢ :
R < .o .\\
o b 1 c ] . )
n R ’ . . . \N .
& . ..-K.r?.w. ’ w é.,:...—i“.ﬁ.% ) " ot r. ’k»l . . ,v.!. - .m! N

S e
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3
§ in direct proportion to the incubation time and the amount
‘g of protein in the‘gssay mixture (Figureé 34a and 3JbY. Us- )
f I ing 30 minute incubation times and protein concentrations in
% ot ' the linear range for the siime mutant (proteéein 0.2-0.3 mg)
: and the mycelial enzyme (protein 0.25-0.45 mg), the_specific.
activity of slime mutant enzyme wa;p;:nnd to be three times
: _ that of thekmycelia ¥Table 225.
. ' ’ 5.7 Incorporation of radioactivitv‘from UﬁP—N-acetyl[U—l4C]‘" ¢

GlcNHp into particulate material by homogenates of the _

LIS

slime mutant and wild tvoe mycelia of Neurososra‘crassa

‘ RN

The in vivo results 1nd1cated that the defect in Chltln

“
EL Y P

synthe51s of the slime mutant was at the level of. the enzyme K

i - c¢hitin synthetase.  In order to” confirm this the fevel of this e

/ < {

enzyme in the slime mutant was. compared to, that found in wild » @ N
! ",-ﬂ@ / . «
& type mycelia. : - v .‘.' oA ~‘,

P 1 .

Crude slime mutant homogenates gave linear incorporation e

» '
O !
-

of radiocactivity from UDP-N-acetyl[U— C]GldNAc 1nto pé?ticu-

-

‘ nlate material over sixty‘minutes (protein - 425 ug) The ’
¥ - = ’ L
’ ' ~ incorporation of radioact1v1ty ‘was also linear w1th respect t .

protéin levels between 100-1000 ug (Figure 35a. and 35b) " This .-

-~

. ,“ activ1ty varied between di‘fferent batches of culture material

but the values were constant w1thin~a single batch (Table 23) a -

- ‘Cells “disrupted by sonication lost all activity. ' . 3 . 3§

" Fgr comparison, the incorporation of radioactiv1ty from A
O ;

_ UpP-N-—acetyl[U--l C]GlcNH,; into the particulate fggctionicatah Y -
® ; lyzed by.conidiai and-mycelial homogenatea was‘a1§o’investi-,
. ‘ Lo K 3 ' ’ <\4
- ' . - , ~
° . R -

.
-, . AR N . °
- 4 v

* —— LR aaacroecoprarger ‘?";l‘ = IR ~—
.- R W ’. % 9,3_ ST 5!.— -cw»;(_’? e
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o Figure 34a.
1

Figure 34b.

- $lime mutant .

-

-

L -glutamine D-fructose-G-PO4

'transémidase acéivity as a function of time.
wild tvpe (413 pg protein) A -
slime mutant (290 ug protein) @

- v .
‘ 5
1 : ’
2 / -
//
r/, - T

L-glutamine D-fructose-6-PO4 - .

transamidase activity as a function of protein,

concentration.

wild type mycelia A
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Table 22, L-glutaﬁiﬁe-D-fructose-§—ph6§phate-§ransamidase

. activity in the slime mutant and wild type

»

mycelia of Neurospora crassa.

e

. L-glutamine-D-fructose- *
’ 6-PO4 transamidase

Organism
“ . (units/mg protein)

wild type mycelia . 0.004 £ 0.001

slime mutant _ 0.011 * 0.003

A gy
S P g L

Eactooyvon
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Figure 35a. Incorporation of radiqactivitv from
: UDP—N-acetvl[U—l4C]GlcNHz into particulate
E
< material by a homogenate of the slime mutant
) of Neurospora crassa as a function of proteiﬁ o
" ‘ _ ; ;
concentratjion. Co - . -
. "_‘n“‘ ¢ \
2 .
. 4 «
. - Yo ®
) Figure 35b. Incorporation of radioactivity fr - : ,
% . ' UDP-N—acetyl[U-14C1GlcNHé into particulate="" .

material by a.ﬁomogenate'of the §}im¢ mupént

L . of Neurospora crassa as a function of time’ B 3
L ! 3 i

(protein - 425 ug).

.- ,
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gated. The conidial homogenates gave linear incorporation
of radioactivity up to sijxty minuigs with protein levels
- kS i a

(1

N

B . betwéen 500 po and 80D ug,"Hiqh pfdtein conéén;rations and

NI e WV

long incubation times were reauired due to the law activity.
Mvcelial homogenates gave linear incorporation of radio-

. " activity for thirty minutés with protein levels betweéﬁ 100 ug. .-

.

E " "and 1000- ng. Both the slime and rvcelial homogenates gave

approximately the ;same incorporation rates (T@ble'ZB). <

- 5.8 Effect of GlcNAc and polvoxin P on the incorborétion of

-

‘ ' . radioactivity from UDP-N—acetVl[U—14C]G1cNH7 1nto paqgl- g

- culate, material by homogenates of the sllme mutant and |

H -

. ’.wild type mvcelia of Neurospora crassa .

7

The mycelial-enzyme préparation was greatly stimulated -

%

?

!

i . , : ‘
/" N é . R .,

l ‘by the addition of GlcNAc to the assav §ystem1 concentrations ,_

H P . . . _:.- , ’

{ ,ﬂ,gf up to 20 'mM failed. to-saturate the 'system (Figure -36).

g ' concentration of 20 ﬁM’GlcNAc was used 'in the standard assay

1 ’ '

. . . Y
4 N4 M . B s

~ _procedures. While the mycelial preparation ‘was stimulated

7 over six fold, the activitv of the.siime ﬁutant_ﬁomogenate was

only stimulated 2. 6 fold by 20,mM GlcNAc. .
H a ! - .
‘ : Polyoxin D lnhlblted the incorporation of: radloact1v1tv n .

from UDP-N acetvl[U—l4C]GlcNH2 1nto Dartlculate material of a

mvce11a1 homogenate in the presence of 20 mM of GltNAc. Fifty '

° ce o, oF A.:

percent 1nh1b1tleh was obtalned at a. concentratlon of 10 uM

‘.f . . .ty 2. . , : ;

polyoxxn D, concentra;;ons of:over 100 uM were reaulred for

u-'.

!

A

‘3'_~»complete 1nh1b1tloﬁ (Figure 37). ,The 1ncorporation of radxo-

Wt . ¢ 0

abtlvity in mycelial and sllme mutant homogenates was complete-

Er~5mf R . uly xnhlbitea by p5L¥0x1n D (2 xelo M) (Tab;g 24), 'ui. :Nf

,«-. 'ui !
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Table 23. Incorporation of radicactivity from UDP-N-
acetyl [U—-l“i':]GlcNH2 into i)articuiate material o—s

by homogenates of conidia, mycelia and the

slime mutant of Neurospora crassa;

Organism Radicactivity incorporated A
(cpm/min/mg protein) , .
. . ]
conidia o 6.1 + 0.9 < -
mycelia 101.0 % 33.2
slime .mutant 80.8 + 39.5 .
-4
ﬁ' L
‘ ’

-

Table 24, . -Effecgt of GlcNAc and polyoxin D on .the incor-

poration of radiocactivity from UDP-N-acetyl

- . [U‘“C]GlcNH2 into particulate material by |
. w homogenates of the slime mutant and wild type
mycelia of Neurospora crassa.
Assay condition Radioactivity incorporated T
® (cpm/min/mg protein)
i slime . mycelia - . ﬁ
control 125.4 + 8.7 119.0 £ 8.7, ¥
" +20 M GlcNAc 324.4 & 27.9 . 738.8 + 133.2 i
+polyoxin D 2.4 . 0.1 : 8.5+ 3.0 {;
(2 x 10~4M) ] -, 2
. . ' 2
; s b ’ R
D ’ - ig;
R — ~ ' e
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Fiégre 36, Effect of GlcNAc concentration on the.

°

incorporation ¢f radioactivity from UDP:ﬁ—.

acetyl[U—l4C]G1cNH2 into particulate material

—
7

by a mycelial homogenate of Neurospora crassa.
; = =i

.

Figure 37. Effect'of-polyoxig D on the incofporatiop

’ of radioaqtivihf from UDP—N-écétyl[U-l4é]G1cNH2
- a o - -

T N

o

into particulate material by a mycelial Thomo-
. Q" 3 ?
genate of Neurospora crassa. The assay was

)

‘cagried out in the presence of 20 mM,GlcNAg.

)

«

-
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- ~14 Lo

E formed from: UDP-N- acetvl[U—

- R

lncorporatlon experlments ' i R Lt W et
'-.e . .

C]-GlcNH,L in the ,;m ..v1tro - e Lt

* te LA

-

‘e f.,

The oartlculate=mater1al from'large scale in‘'vitro 1ncor-

‘\\' . }f_... v
ooratlon experlments from the sllme mutant and-mycelaal homo--

e

'_nates'was ﬂsolated bv hiqh sgggd centrifugation={40 000 X g).

All the radlgact1v1ty lncorporated 1nto partlcuIate materlal aS‘ NN

determlned by, the fllter-paoer method was recovered in th;s S L .

4

fractron. The'uartibulate material formed frqm\QDF—N-acetyL~

. ” . . X . . y . -
Q} [U-14C]GlcNH2‘in the presence and_absencé-of 20 mM GlcNAc in -,
¢ s . e - .

-both the slime mutant and myCellal homogenates was alkallne

. ° «
»

re51stant (Table 25)%. In the absente of.GlcNAc, verv llttle RN
- ~- .'_
¢ of the partlculate matérial was chltlnase sensitive 1n elther
- '\
the sllme mutant or mycellal homogenates. The slrme mutant

partlculate materlalyformed fr muUDP-N-acetyl[u—l4C]GlcNﬂz - -

. 1n the presence of{éo mM GlcNAc showed an 1ncreased sensx-
/

o . ° ~
-

tivity to chltlnéée./ Most of thlS chitinase solublllzed - B

materlal was‘neutral (passed throuep an Amberllte MB 3

b ~

column)r The neutral fractlon had the - same Rf as Cg‘NAc “

(0 53) in chromatography system B. Therefore, chitin made

- - {

P only 30% of the partlculate materlal formed from UDP-N-

. ~

g
acetyljU~ C]GlcNH2 1n the presence of}20 mM GloNAc in the . ) i‘-

- 5 slime mutant homogenate., In contrast, ‘chitin made‘up 84%

3
” -

of the partiéulate matefjal'ih the‘mycelial homogenates
e o A

in the presence of 20 mM GlcNAc., on- this basis, the . * .
. é‘
Chltln synthetase actlvitles (GEéNAc stimulated) of the slime

— [REREY LIRS A TPy v Ay

5.9 Characterizatlo@ of the radloactlve Eartlculate materlaI e o
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mutant and mycellal homogenates could be estlmated}at 7.6 .. ”

unlts/mg prote;n and 51. 2 unlts/mg proteln respectlvelv.

~

. 5.10 Effect of collomdal ch1t1n on the lncorooratlon of radloJ’ o

* activity from UDP-N&acetvl[U- C]GlcNH2 lnto partlcu te

h

- material by homogenates of the slime mutant. and w1ld type

oidal chitin was added o the, assay system to :

»

o " act as a pos

14 -

f radloact1v1ty from UDP-NPacetleU- C]GlcNHZ;

.

« Corporatio

4

~3

rat%on also stlmplated 1ncorporat10n by the mycellal homo- e
genate (Table 26) The GlcNAc stlmulated act1v1ty of the slznm :_”

‘:; . : mutant was 'not effected by colondal chitin but the w1ld type o

P l P M) . » N "
= mycellal 1ncorporatlon was doubled ,The,presencé of c01101da1 .-
i . T e R
L éigfa' chitin, in the 1ncorporatlon experlments increased/the amount . .
. ? H ? ; .* N - ' ‘ N : ) °l¢ ‘.
+, of ch1t1nase sen31t1ve partlculate materlal presenb in the . ’

~ - .

slime mutant homogenate (Table 27). However, even in- the ‘e' f IR

(Y .
.

-9 . "%§; presence of dQllOldal chltznd,the leme mutant GlcNAc strmuﬁf* IR TS

“3

lated 1ncor90ratlon did nof'lncrease te the levels of the * - ‘-

< - ¢o_ LA

e e . GchAc stlmulated act1v1ty of ‘the myce11a1 homqgenate.’f

° oo 5. 11 Effect-o; trypszn digestion on the lﬂcorporatlon of .

. )

. e radxoactiv;ty from UDP-N-acetyl[U- C]GléNHz 1ntb par-

*

*
e . “ . o

- &

i
tlculate materlalqu.homogenates of the sllme mutant

o ’ . ;.4 . v s s

T

S o and w11d type myceliﬁ?of Neurosgpra crassa St
" .

3 1 -
. . . LT g o
- ' ¢ . . i

Trypsin’axgestlon of the crude homogeﬁate from the sllme\




f
Figure 38. «  Effect of colloidal chitin on the incorpora-

v
.

tibﬁ gf.}adioéctivitv from'UDP-N-acetvl[U714C](

GlCNH- - into partigulate material by a.homogenate
- ’ 2 H . ap—-——-

¢

of the slime mutant of Neurospora crassa.

\
)

.
o

Effect of trvpsin Jigeéﬁion on the incorpora-

ﬁipn of radioactivitv from UDP-hracetyl[Ul4C]

GlcNHjp into particulate material bv a homogenate

A ¢

of the slime mutant of Neurospora crassa.

k]

.




—
Wy
o
153
—
t . e
’ f‘. . k] P
vV Jo €
o =
W ' ° . ...n.v
P
Je o
o ©
H * S
’ o
. Jeo (&)
o
. L A
ke o. © . [}
' . o w o o
. .
¢
Y . ‘
. . ,
- < .
. .
. A
. v - ,‘
f
" »
s
- ) - N . \
N -
' \J. /4 - .
~ f -. - s
. | ,
i ‘~
. -
"
. [}
“ . A :
‘ . - . h N -
. 2 Il
.
t 0 ar - - . a " T - N
e dven .Juwawﬁ&wl@ﬁ,i,{h.:, =y oy, Lt e R S e

o~ - - . - ’ .
(6w /o / wd3 D, ) P31010d100uL KpiaL4I001pOY (bw/uw/wdd 2,,) Ppios0dioour Ayaydooipoy °

M .

f

50r

A= ©

-

X
"

-

-~




. 159
Table 26. Effect of colloidal chitin on the incbrporation
- ’ of radioactivity from,UDP-N—acetleU—l4C]GlcNHz'
- into particulate matérial by homogenates of the
-— Slime mutant and wild type mycelia of Neurospora
) crassa. '
». . LY .~ ' ‘ . .
_Assav condition - ( Radioacﬁivitv incorporated
-, X . ) ] (cpm/min/mg protein)
. LT slire mutant | wild type mycelia
’ control 125.4 + 8,7 113.0 £ 16.7
2 + colloidal chitin (0.5 mg) 164.2 .+ 23.3 142.3 £+ 9.3
- + 20 mM GlcNAc 324.4 £ 27.9| 738.8 + 133.2
* 4 + colloidal chitin (0.5 mg) | = 350.8 % 31.2 1953.0.% 459.0 ) -
: and 20 mM GlcNAc .
: Table 27.° CHitinase sensitive particulate material of S -
> s/ . B ’ [y
e ' : homogenates of the slime mutant and wild tvpe
mycglia‘bf Neurospora crassa after incorporatio
, ~of radioactiyity from UbP-N-acétyl[U-l4C]G1cNAc.
:. . . ' Lo ﬁ_ﬁ‘\ ' ’ .
‘ . Assay condition. .% chitinaSe-solubilized material
f . - - - — '" . ' -
! - - slime mutant | wild type mycelia
. " . L. -
| e cpntrol - ¥ ) ' .l3x9 ) e =16,.8
ot S f & '
+ 20 mM. GlcNAac . ' 36.1 - 93.5
-+ colloidal chitid (0.5 mg) |, ~48.3 : .14.1
+ colloidal chitin (0.5 mg) |~ "' . 62.3 | | ———
; " and 20 mM GleNAc .. | AP ' ) .,
,. ] . . l . fm A-' . -  as
g : .
. - 7. .
% “ i hd - 4 /
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mutant resulted in increases in thF incorooration\ofiradio-'
aétivity into particulate.materiéf. The cur§é of activitv

of the homogenate after trypsin ;featmept versus trypsin con-
ceqﬁrati?n was Bé}l shaped (Fig%?e 39). . The homégenatés af
my?%lia could be activated in alsimilar manner but the optiv
mum trypsin concentrations were'slighky lower (less than ’

i ug trypsin). The ﬁaximal activity of the slime mutént»was
only approximately 10% of the activity obtaineﬁ with the
mycelial homogenatgs either in the presence or absence of ‘
. ' . .
GlcNAc. Colloidal chitin stimulated the trypsin activated
incofporaﬁion.pf the slime mutant hom&genate'only,Zp%

(Table 28). The trypéin treatment increased -the proporfiqns

of chitin 'of the total particulate fraction in the slime mu-

o5

tant and mycelial homogenates (Table 29). On the basis of -

L the ¢hitin formed the specific activity of the latent form of

chitin synthetase of the slime mutant homogenate‘pould be B

estimated at 3.5 units/mg and 23.4 units/mg in the presehce

Kl

and absence of 20 mM GlcNAc respectively. Tﬁe 1atent_aqtil

vity of the mycelial homogenate was §pproximately 49.6 units/

ot

mg and 550.5 units/mg under the same conditions. &hereﬁQre,

slime mutant homégenate had only 58 of the latent  chitin
» . . > . & -t

- ]

synthetase activity. T~ .
1 trast to initial Incorpordti t f‘th 1i '
In contrast to initia 1ncorpg£f ion rates o e slime s
mutant homogenate which varied from one preparationkﬁo\the R

next, the trypsin activated activity was remarkably constaht.,

This suggested that the initial activity was differenﬁ_ﬁﬁan
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Table 28. Effect of trypsin digestion on.the incorporation
i : T
d 6f radioactivity from UDP—N-gcetyl[U—;MC]GlcNHz o
. into particulate material by homogenates of the
B , - slime mutant and wild type mycelia of Neufosgora
R crassa. . )
i : ' - .
; n . .
: Organism o Radiocactivity incorporated >
: (cpm/min/mg protein) ’
' ~ control ‘ after'trypsin
control "+ 20 mM | + colloidal
) GlcNAc chitin -
X , . | (1.0 mqg). . .
| e P : _ ] ‘ @ % . x
- ., wild type| 92.0 ¢ 35.5 | 1450.5 * 56,5| 7085.1 | ~--- "
: =« mycelia i ‘ - AR
: \ . \ ‘ :
slime 20.8 = 99.5 | 165.0 £ 20.2| 467.5 198.5 X
el - mutant ) . ) ax ’ }
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Table 29.

B

1) o~

*

-

Ormnmonmhpwwnwos of nwm nmﬂnwnzumnm material formed from cmvnxtmomﬂ%HHC|H»0u

GlcNHy by the trypsin ﬁnmmﬁmm soaoamzmﬁmm of the mupam Bcnwun and wild m%vm

mycelia of zmcﬂovaHm crassa.

L3

”

|5 Ny

Organism

Assay .
condition

Radioactivity*
in 40,000 x g
pellet (cpn)

after
1N KOH
digestion

original

Soluble**
Hmmwomnnw<udw
after
chitinase
digestion and
ultrafiltra-
tion (cpm)

from MB-3 column
‘lLafter chitinase
digestion and
cwnﬂmmwwnﬂmnuon
(cpm) .

‘.,

"Neutral fraction'}

% chitin ”

of original %
»o 000 x g
vmwwmn.

wild type
mycelium

after
trypsin

1]

after
trypsin

+20 mM QMMWWML
after

o

trypsin

280,000 229,455

250,000 | 205,755

253,782

87,690

155,503

L

84,850

. -~
K «

75,764

125,124

PR

AAw.w

i

*

* %

**%x'51) the neutral fractions from MB-3 column were identified by wwmoamnoaHmU:<4mm

-

*

porated in the assay but represents the aliquot taken for this experiment.
chitinase mwmmmnmm material was ultrafiltered n?ﬁocmr UM-

mHmonHo:

the Hmmwomanp<pn< in the 4o, 000 x g vmwwmn does not nmvﬁmmmsﬁ no&mw Hmmvow0ﬁ9<wd% HﬁQOHI&W

R

a

2 Bmavnwum.no obtain a soluble

1

QHQZWQ.




the trypsin activated activity. Iﬂdéed: thé iniﬁiaL incof;;%’

poratlon act1v1ty could be decreased by aglng wlthout anj

1 -

)

5s12 Effect of PMSF qn the corporation ofaradloastlvity

L

from UDP-N-acetyl[ﬁ— CJGlcﬁHQ_into'particulatermaterial

by homogenates of the slime mutant oﬁ\Neurospora-crassa
S

The s11me mutant does not'make Chlt B\’ ‘Vtyo but does

R
<

ditions. Slnce thlS Chltln synthetase exrsted 1n an acti-r‘”

and latent form, pethaps the actlve form found under 1n v1tro

-t ,-)n
T -

condltlons’was the resdlt of'actlvatlon of the latent form

duélng'the preparation of, the homogenate.' "In order to test

4t -

. this pOSSlblllty PMSF, a general protease inhibitor, was-

s

added to the homogenlzatlon buffer. PMSF had no effect onﬁthe

o e ot
=

act1v1ty of the sllme mutant homogenate ig- anythlng, there v

5 .

was a Sllght stmmulatlon of activity (Pable. 30T

. ' 3 DISCUSSION

LA

The estimation- of ohrtln‘

’

of gluodsamine released by . aci ydrolysis does présent some
3problems in regard to possibl ”contamination'by other hexo-

o

samlnes found 1n NeurospAra crassa polymers. Galactosamrne,

.fquindvosamlne‘(z amino-Z [ dideoxyglucose) -and non-chltlnous‘

.

glucosamine have been found‘in Neurospora crassa mycelium ...

- - P t

leangston, 1969) The galactosamlne polymers in Neurospora

«r
». i

crassa are completely«solubleean alkali (Mahadevan and Tatum,

LR

1965) This was confmrmed in, the ( H]glucosamine 1ncorpora—.,

4

tion experiments of slinm cells where 1N KOH dlgestion solu—-
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“Table 30 Effect of aglng on the 1ncorporatlon of radio-
¥ P VLV';,¢ ’ ‘ j act1v1ty from UDP-N acetyl[U~ C]GlcNHzlinto *
. S, o " ! :‘,' ',):-09"“' '/'«"J’/' . X ,‘::“ y . = )
PRSI A ./gartiqnlate material by homogenag;s,qf the slime
. ; o 'in}” P mutant of Neurospora crassa. ' - . ‘“;
. ,?:'//:.‘," v -~ N o B 3 . ¢
i ',,‘ . "1 - v -
Experiment { Assay Radloact1v1ty 1ncorporated
L S condition (cpm/mln/mg proteln)
2 ,,/ .- 5 .- : . " : '
. - I ’ . fresh homogenate | aged* .homogenate
1 \c%ﬁtrol 86.2 33.6
S after trypsin| 106.7 . - 136.5 ‘
"J»fa 2 . control .. 99.5 40,4 o
: ﬁékt;' after frypsin 177.1 "155.1
§ ’ g * N e b
i * aged at 4°C for 4.5 hours.
i .
i Table 31. Effect of PMSF on the incorporation of radioacti-¥®
H - . .
? . vity £from UDP~N-—aCety1[U-l4C]GlcNH2 into particu- :
t L , . -
| ) late mdtérial by homogenates of the slime mutant
/ of Neurospora crassa. .o Cn
Exper{ment Assay ' . Radloactivity 1ncorporated ® /
SN condition . (cpm/min/mg proteln) .y
N buffer PMSF Buffer*’
1 control 84.9 65.9 .
- ‘ + 20 mM GlcNAc 296.5 4080 .
2 control L - .91.2 121.6 |
' + 20 mit GleNAc 353.5 " 409.2
.* the slime mutant was lyzed in normal buffer contalning 3 mM o
PMSF. 1In order to keep the PMSF in solutlon, the buffer‘ ,
- also contained 0.5% ethanol, | » - . i

‘mer . a“
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bilized mateiial which releasé@ radioactive galactosamine

. L4 ~ .

ubon acid hvdrolysis. Therefore, oretreatmeﬁt of the par-

D . .
‘ ticulate'fractiog with 1IN KOH eliminated anv possibl€ contam-

L4

. ination bv galactosamine. This technique gives an estimation

AN b N

* of the maximum possible chitin present in each case; slime

-

cel}s had, aé most, only 7% of the chitin content of mycelia.
Wiltse (1969) had previbuslv fognd that an isolated "cell wall"
fraction from the slime mutant (F.G.S.C. no. 326) completelv

lacked glucosamine or galactosamine after acid hydrolysis. -

. .

Slime cells havé been found to excrete "wall-like" maperggl4
into 'the growth medium (Woodward and Woodward;»i§68;,

~

R

Trevithick and Galsworthy,‘l977). ilowvever, the-e#%mfnation

Yy ] . * ." : - ’- .
of the growth medium failed to show the prxesence of any sig- "~

nificant amounts of glucosamime in high”ﬁolecdlar weight poly-

-

mers, . ) ‘ .

. * 1
Although these analvses indicated that the slime. cells
© o

«

did not produce much chitin, they did not show us whether o

not’ the glucosamine present in the particulate material was

D

o - )
- derived from chitin, or if chitin was excretfed as small molec-

°

L

ular weight material (not sedimented by centrifugation at

101}000 x g). To invEEtigate_these!two questions, a compari-

son of the metabolism of [3H]glucosamine between wild type

mycelia and slime cells was conducted .

.
M

» .~ "< The major radioactive fraction of wild type mycelia after
incorporation was the alkali resistant parti-

mmonly designated as the "chitin fraction"
’




. . »
(Mahadevan and Tatum; 1965).° Accordingly this fraction was

. completely solubilized by chitinase digéstion. 1In contgast,

&

- the same fraction from the slime* cells contained cnly a small

proportion of the total radiodctiv1tv incorporated and was ;

onlv Dartially solubilized by chitinase. ~The solubilized
portion was not N-acetylglucdsamine nor N,N diacetylchito-
o biose, the two products normally released'from chitin by im-
‘ pure chitinase precarations (3euniauxt 1966). The alkali AR
.7 ..soduble fraction of the slime, cells was also not chitin mg-

. ‘terial as aCid hydrolysis aia* not release glucosamine. The

%
f . .

. slime cells did not excrete‘any more radioactivity igto the -

growth media (MW >SOWO) than did wild type mycelia. Also;

this fraction was not susceptible to chitinase digeStion. .Ihe -

~

PR ) .
-‘slime cells therefore do not contain Chltln. ; T o L

¢

i * One cannot- ruIe out the pOSSibility that the.small amount

of chitinase sensitive material fourd in the slime-mutantmyas T
the polymer chitosan- (deacetylated form of: chitin) which after oy

&
[P > . .

hydroly51s by itinase would give [ H]glucosamine, a productr

> e i

@ ’ which would be bound by the MB 3 column. Interestrngly, qpprox- L
v . f x
imatel% 50% of the radioactLVity found in 'this fraction was.:

’ v -

‘

soluble in lN~HOAc, as 1is. chitosan (Bartnicki~Garcia and

A ‘.
'.\ ."". . “, J & ‘;\ . 5‘
Nickerson, 1962) . U g TR S
\ ) A . ‘e, & s 8
. ’ A comparison of the metabolism of 1 H]glucosamineoin ' ) <
© % slime cells and wild type mycelia immediately indicated that . i

, . slime cells could nct transfer soluble radioactiVity into the e

*,

particulate fraction as well as Wild type mycelia. The

; presence of significant amqunts of galactosamine containing .

N




'
>

~ 2
R * * ; . ) ° R &
B : polymers in the sllme partlculate fractlon suggested that ' L

i

‘ "" the Chltln oathway up to the enzvme chitin svnthetase was
] <y - s o .
T in;act since UDP-GalNAc probablv is the immediate precursor

-

T - ~ - . ’ ’

. "of the galaetosamine cdntaining polvmers (Edson and Brodv, y
- . ,

RPN 1976) UDP—GalNAc can be formed from UDP-~-GlcNAcC via 4! E

2

eplmerlzatlon in Neurospora crassa as it is in bacterla“ :

-

(Glaser, 1959) and mammais (Davidson, 1966) Indeed .tHe N

- major radloactlve soluble metabolite of [ H]qlucosamlne was

.

N,
identified as UDP-GlcNAc. aSnaller amounts of UDP- GalNAc were

. also present, . : .
. r -
. . . - ., N T -7
' : UDP-GlcNAc has been shown ‘to be verv sensitive to con- -

- N o ¢ {
x

. o centratlons of ammonlum formate qreater than 1 N (Molnar\et

. E al., 1971). Therefore, the-small quantltles of GlcNAc and

ClcNAc—l—PO4 found could bé‘:ﬁ:lfacts arlslng from the break-

-~ .

down “of the major metabollte UDP-GlcNAc. . UDP-GlcNAc has .
.~ / . < 1
o . beegéshown‘to be the major soluble metabolite in the chitin

‘\ P

9
-

. pathWay in. Neurospora crassa (Schmlt et al., 1975) as well as

“in Asoerglllus para81t1cus (McGarrahan and Malev, 1965).

\

e 1.~ The radloactlvrty in the soluble fractlon of the slime
Do . mutant also "turned over" lnto the partlculate fractions but . -

.

not 1nto ch1t1n. TheSe results 1nd1cated a probablé defect

.1n the enzymeachltln synthetase. Deletlons prior to the for-

‘ -

T " .mation of glucosamlne GLphosohate cbuld have also been oartly

)
-

réspon51ble for the lack ‘of Chltln synthesls and they would

) » ~

ot have been detected by the [ H]glucosamlne 1ncorporat10n

¢

; . experlments 51nce glucosamlne enters the chltin pathway at

-

" the level of glucosamlne 6-—PO4 . . ’ Z' o




&
N . ‘H T v
¢ . The growth of the slime. organish in‘the preserice of N-

acetyl qlucosaminp ‘as an alternate carboﬂ source dld not :

L § a i 5 * .
affect the chitin vels,'another 1nd1catlon that a block

o .

‘existed towards the end of ghe chitin pathway, since N-acetyl

glutosamine~enters the pathway'at the level of ﬁ-aoetyl glu-

N
.

i
cosamine-G-—PO4 (McGarrahan "and Maley, 1965). Furthermore,

I'd * T eI= . —

the first enzyme og the chitin pathway, L-glutamine-fructose--

6—PO4 transamédase, had a. spec1f1c activity greater thaﬁ the'¢

. o s

wild: type enzyme. The spec;fic actIV1t1es obtained for-this

<

enzyme were much 1ower than determine& by EndO'et al l970b)

. .
-~ I

(3.5 units/mg) but, srmilar to values obgaine& by Ghosh et al.: o

< E

(1960) (0, 16 units/mg) for Néhrospora crassa.~ Although early .

2
h

%
Y

deletions 1n*the chitin pathway can be eliminatg;l‘i p0551ble
further blocks in. glycolytic ‘enzymes’ cannot be e

%hnated but

are unlikely considering the excellent grpwth,of the organism.
3 . . \ : \‘).' N

B % ' ' 0 ‘ “. EEEN <
Although the.'slime’ mutant of Neurosbora crassa does not.

3 .

.on sucrose. .

. “rm en

have chitin assoc1ated with it, homogenates from this orgdnism

v

a ’

.

e
do exhibit a small ambunt.of Chltln synthetase activ1ty.
-

Numerous reasofis to explain .this apparent paradox?are possrble'

&

*.1) sznce Chltln synthetase existed, in. a. latent form which
. - ¢ ¢ 6 &
¢ coukd' be actiyated by protease digestion,. the chitin syn-

thetase act1v1ty found in the homogenates could\have resulted

from non—speCific_ ctivation during homogeniqatioaw 2) chitin

v, -

synthesis requir primer ch1t1n<which was not present 1n the .

EAS
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since the slime mutant has no source of GlcNAc (assumlng it

- N —
~——

results \from chltlnase digestion of Chltln), there is no

chitin synthesis, 4) the slime mutant has a small amount of

- ~ S~

" chitosan associated'with it, 5) the in vivo chitin was lost

due to chitinase digestion. Each p;;;Tbility is discussed

in some.detail -in the follow1ng paragraphs.

\\, -

) Chltln\synthetase in the sllme mutant exists in two
forms, an active form and a latent form which can be” actm:

vated by protease action. The active form could arise from
N

the latent form in vitro by, the non-specific action of pro-
teases during homogenization. The addition of PMSF, a potent

inhibitor of alkaline protease and carboxypeptidases of

-Neurospora crassa (Siepen et al., 1975) had no éffect. It

-

should be kept in mind that the homogenization buffer con-

A

tained EDTA which fnhibité alkaline proteases and amino-

~

protéases of Neurogporé,crassa} Even though the active form

represented only a'smalltprdtéftion of the potential activity,A
- linear rate curves were obtained upon incutation with UDP~
élcNAc indicating the lack ‘of gémeral broteasg actjivation dur-
tng this time. Therefote; the acti;e form of chitin éymthe-

-

tase measured in our analysis was most llkely present 1n the
cell e ) . )
The-possi?le role 8f pfimét thitin in the chitin synthe-
tase‘réaqtionJiE far from cléag: 'In that respect, the slime
cell whiqh was dompletelyﬁ@évoid éf\bﬁitim was still‘aple to
symtmesize Ehit}n in iiﬁéé‘indicating‘that érime{;chgtin’ygé“

\\\ ’ 1 ™ x R R ",\
not required. Even the addition of grimgr chitin’to the

~




in vitro assay system d1d not have much stlmulatlng ‘effect.

\\\Tﬁe role of GlcNAc ln in vivo chitin synthe51s is unknown
< 3
although under in vitro conditions it has been found to be an

Sl

allosteric activafor\in‘numerons'fungal systems (deRousset-

Hall'and Gooday, 1975; Rnizhﬂgrrera et al., 1977).  The appar-
\ .

ent' Km for UDP-GlcNAc in the Neurospora crassa chitin .synthe-

tase reaction was 1.43 mM (Endo et al., 1970a) but i

GlcNAc was a potent inhibitor (K ‘5 X 10-6M) of the first
~ .
enzyme of the chitin pathway, L-glutamlne D-fructofke- 6--P04 _ N

transamidase in Neurospora crassa (Endo et al., 1970b). Since

polyoxin D had no effect on the endogenous leveéls of UDP-

GlcNAc (Endo et et al., 1970b), the level UDP-GlcNAc in vivo

must already be high enough to 1nh1b1t L-glutamine D- -fructose-
sb

6-PO, transamidase. The UDP-GlcNAc concentration in Blasto=
i PN
: cladiella emersonii (Selitrenhikoff et al., 1976) has been -////‘

-~ ° ) . ~

estimated to be 0.17-0.63 mM; a ponoentration where GlcNAc

-
€

-

oo g e

\\:( would have a stimulatory effeot. However, the addition of
GlcNAc (0.1 M) to the slime mutant as a carbon soﬁrcg\did not
] s . significantly increase the angpﬁ% of glucosamineiin the par-

ticulate - fraction. . r

. The slime EEIi’”B*S\iontaln a small amount of material
‘ 'whlch could have been chitosan,. If the formation of chitosan

involves the initial formation of chitin followed by deacetyl-

-

. ation as suggested by the results of Araki and Ito (1974),

‘.I — . .
then perhaps this would explain the small amounts of chitin

.
Ve
. N . N T
£ * !
TTT N Y RRRITE 2 a TR TN . , = - e %
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- . synthetase found ih vitro. . i g

PPN Pmvevw=r Ty
.
?
rd

A more plausible explanation exists if one considers

that the slime cells originated from'conidia which contain

’ .

a normal cell wall ~~The .elimination of the wall from these

cells could only occur bv tﬁé‘&egraﬁation of the alreadv
exiStinq wall. If Ehe'growth of the hvohae involves the con-

¢ tinous digestion and resvnthesis of wéll material, then an
increase in chitiﬁase.without a concomitant increase in chitin
syn%hetase would resulg/in the destruction of the wall. A
normal level (mycelial le;el) of chitinase combined with the
low amount of chitin synthetase in thé slime mutant would

result in the loss of the chitin, fraction.

The slime mutant is the result of three morphological

mutations refe:;ed/to as o;motic, fuzzv and soontaneous ger-
minationlv Wiitse 71969) found that £he osmotic, fuzzv and
the double mutant, fugzviosmgﬁic érew normald®and contained
normal levels of chitin. The slime condition was therefore
a result of the onntaneous germipation locus.  Although theh
slime cell did not formschitin, it also lacks gther normal
dell-wall ctomponents like B-1,3 gldcan.sinEe it did not staiﬁ
. with Calcofluor. It is unlikelv that the loss .of-this com-
ponent'was a reéuit of chitin synthesis defects since'regeneri

3 . " ating protoplésts formed wall-like materj in the absence of

chitin synthesis (see chapter IV). The/ spontaneous germina-

— : " tion mutation must also involve t

.

other components of the

wallﬁ

/
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~ The spontaneous germination mutant (Emersgt;/igiﬁ) of
Neurospora crassa undergoes lvsis during conidial germina-

tion. Another ﬂhtént, the ts6 nutant of Aspergillus nidulans

which is specifically blocked in chitin synthesis also under>
goes lysis during conidial germination (Katz and Rosenberger.,

1971a) . Perhaps, the lack of chitin synthesis in the slime

‘ mutant is one reason for the ﬁrotoolast—liké growth pattern

found in this Neurospora crassa mutant.

!

-

-
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" CHAPTER .VI CHITIN SYNTHES?I'S‘ IN NEUROSPORA CRASSA GERMINA"

/ . -

- -

- LN

TING CONIDIA

It has been~ghown by Endo et.al.. (1970a) that polyoxin

D had no effect on the rate of formation of germ tubes from

Neurospora érassa cohidia; yet, once the germ tubes had fgrmed,
polyoxin D inhibited their growth. In our revertiﬁgipréto-
plast s&étem, polyoxin D at copcentrations equivalent to. those
used in thé conidial system, inhibited the reversion process.
This paradox could have been the result of either the léck of

- uptake of polyoxin D bv the conidia or the laek'of chiﬁiq bio-.
synthesis during the germination process. .Experimental evi-
dence in sﬁpport of either explanation egiéts: The Ki ﬁor ,

Ny
polyoxin D in the chitin -synthetase reaction was 100 fold less

e

than the I.. for growing cells (Endo et al., 1970a) indicating. o

50
~ that polyoxin D had difficulty-.entering the hyphae. On the

e prwyp B
“

‘o

- 3 ) < . .
other hand, Schmit et al. (1975).have indicated that chitin

appeared to be incorporated into the wall of germinating

FAS rbot o o P bz st g~ o

conidia at low density or not at all during early germ tube -,
N formation. The experiments that follow were initiated to

tlarify this point.

| ¥ : RESULTS

6.1 Effect of chitin®™inhibitors on conidial germination

The initial observation of Endo et al. (1970a) was ‘con- -~

firmed (Figure 40); a range of concentrations of polyoxjfi D

“3m o 2 x 1078

from 2 x 10 M had no effect on the rate of ger-

s

mination of Neurospora crassa conidia (although the germ tubes
- .

o




4 L)

Figure 40. Effect oflpolyoxin D .on the germination

of Neurospora crassa cobnidia.

. control/ ®
polyoxin D~ A
(2.x 1074M)

Effect of kitazin P on the germination of

Figure 41.-

.

. ‘Neurospora crassa conidia.

control

kitazin P 3.78 x IOﬁEM

3.78 x 10" M

R R s e
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[formed were diséorted at the higher polyoxin D concentrations).
Slmllar concentratlons of polyox1n D 1nh1b1ted hyphal Chltln
synthetase under in 25359 conditions, 10 4M giving almost com-
»plete 1n@1b1t;on (see Figure 37). T
The‘effects of polydxin’D on germination in the presence
"of 5% DMéO (to increase membfaﬁé permeability) were impoésible
to interéfet due to the large éffec;s of DMSO itself. ©
Kitazin P (éigure 4),.an.oxgano-phosphorus fungicide, is
also an inhibitor of chitin biosynthesis (Kakiki et al., 1969;
" Misato and Kakiki, 1577). Thi; compound significantl& inhibi-
_ted the germination of conidia at levels of '3.78 x 107°M and
3.78 x‘lO—4M”(Figure 41) . 1In this experimeqf, the control coni~

did germinated at a slower rate than usual since older conidia

were used. In Vitro investigation of the effects of kitazin P

-
- .

" on hyphal chitin synthetase activity showed that qoncentrations

-4

up to 3.78 x 10 M haﬁ—little }nh%bitory effect (Table 32).

Hence, the in vivoseffect of kitazin P on conidial germination
cannot be a result of interference with chitin synthesis,

.

6.2 Eﬁfecﬁioprolyoxin D on [3H]giucosamine incorporation

during conidial germination

The uptake of polyoxin D can be investigated indirectly,:
by examination of its effect on [3H]glucosamine incorporatiop

"o,

into chltin durlng conidial germination provided that it has’

and that th

no effect up:;/4he transport of [ H]glucosamine into conidla,

e. is_detectable chitin synthesis @qxlng conidial

germination. Preliminary ekperiménts showed %ﬁét polyoxin D
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"Table" 32. Effect of kitazin P on chitin synthetase
) . .
activity of wild type mycelia* of Neurospora
crassa. . ~ - .
- . N
Kitazin P Chitin synthetase % of control
concentration ac%ivity . - activity
(M x 10-6) (14c cpm incorporated . . ) -
/15 minutes)
0 4575 % 397 ‘100.0 * 8.7 2
. . N he o i
e 3,78 4335 * 250 . 95.0 * 5,5
5 37.8 4840 * 657 105.8 * 13,6
378" o 3061 * 287 | 66.9 -t 9.4 .

* standard assay system inééuded 20 mM N-acetylglucoéamine |

O
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concentrations of 2 x 10 °M and 2 x 10~ *M had no effect on

e the total uptake of [3H]glucosamine by the germinating coni-

“dia over a ‘ten hour pefiod‘(Fiéure 42).

The germinating conidia incorporatea a large bercent?ge
RS

of the [3H]glucosamine into a fraction that Sedimented at
' 5

40,000 x g. :Bpth concentrations of polvoxin D, (2 x 10 °M and

2 x 10_4M) significantly reduced the levels of radioacéivitv
in this fraction, the degree\of inhibition ;@coming ;ess‘with
time (Figure 43). The inpibition began to décrease betweén )
two and four hours after iﬁnoculation; the 'same ﬁime interval
at which germ tubes were forming. Extrapolafioﬁ of the control

lines indicated that significant incorporation of radioactivity
. + ‘

was evident as earlv as one hour. This was confirmed by .’ ’

examining the incorporation of radioactivity into the particur

late fraction at one hour in the presence and absence of poly-

oxin D (2 x 107°M) (Table 33); polyoxin'D inhibited up to 69%.

Thus, polyoxin_b was obviously taken uplpv germinating coniéia
to some degree. '

The particulate fractions were analyzed for chitin. As
shown in Table_35, Fhe bulk of éach sample was resistant to IN
KOH digestion but only partly spsceptibleifo hfdrolysis‘by

chitinase. Approximately 85% of the chitinase digested pro-

,-ducts at six hours were identified as GlcNAc by paper chroma-

tography (Rf - 0.57, system B}, On this basis, chitin accoun-
ted for 30% of the particulate fractidn at one hour,’43% at

six'houré and 54% at 24 hours (see chapter V).

°
[N
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Figure 42, Effect of polvoxin D on the uptake of

-

[3H]glucosamine by germinating Neurospora

crassa conidia.

3

control L

polyoxin D — 4
(2 x 10-4m)

v
)

¢ -
- ’ ~

Figure 43. Effect of polyoxin D on the incorporation
of radioactivity from [3H]glucosamine into the

particulate fraction of Neurospora crassa

3

germinating conidia.
control

polyoxin D 2 x 107°M & -

2 x 10”40 Z\T:t;
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Table 33.

»

Effect of polygxiﬁ D on the irncorporation of

[3H]gluco%jﬁgne into conidia at one hour.

»

4
[

TotaliTBH]
incorporated
(dpm) :

[’8] incor-'
porated into
the- 40,000 x
. g pellet

$ inhibition -

ation into 40,000 .
X g pellet

control

polyox1n D
(2 x 10 SM)

29500

9086

Table 34.

(

Effect of polyoxin D on ‘the inqﬁ§poration of

[ H]glucosamine 1nto the partléulate fraction

V-

of ethYlene glycol treated conidia.

o

[y

|

-
1 H] incorporated into
the 40,000 x g pellet
(dpm) -

2

a

control
] (2%.1075M)

WY

[

polyoxin. D A

% inhibition of
. [3H] incorporation
~* into 40,000 x g
pellet

. g
*1016924

10770 © 7833

17960 12319
24024 - 116769
503656 497784 - .

974276

.

of [3H] incorpor- “’
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Table wv; Chitinase digestion of the particulate fractions from Neurospora crassa

ﬂ rs

.
. .
1.

conidia after me_QHGOOmNSM:m incorporation.

)

]

'
I

Sample Time (3H) in 40,000 x g | [3H] s - % inhibition by
’ . (héurs)| pellet (dpm) ‘solubilized [|'solubilized- polyoxin D

’ by chitinase|by . ’
: ’ (dpm) - chitinase .

.

»

original|after. 1N - ) Chitinase|Chitinase
"KOH . sensitive] resistant
o - digestion . mnmnﬁwwz | fraction -

———— —

-

control .|~ 30,289] 22,346 9,208

217,568 191,832 94,148 ) —-———
polyoxin D 9,086 3,507 62.2
(2 x 1074M) :

105,015| 107,411 69,138 ] 26 .6

. S {
ethylene 11,003 8,766 |. 2,754
glycol- )

1,017,157| 898,093 | * 554,923
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Polyoxin D (2 x 10"%M) inhibited the:éhitinasé sensitive

fraction 628 at one hour but this was reduced to 26% bv 6

~hours. In contrast, the chitinase resistant fraction was

3 .

‘inhibited 70% at either timfe point. The chitindse sensitive

fraction formed bv .6 hours was .a mixture of germ tube and

conidial materjal since only 50% of the conidia had formed

germ tubes at this time. Since the conidial éhitiﬁase éensiﬁ
‘\ © tive fractign was much more suscep%i?le to inhibition* by polv-
" ' oxin D than:the same fraction in the germ tube, the inhibition
| 'iﬁ germ tube chitin synthesis at 6 ho:rs’would bé'less than
26%. The poor inhibition of chitin synthesis mavy explain ‘the .

lack of a visible effect of polyoxin D on germ tube formation
@

during germination. - The small effect on chitin synthesis

could be the result of an insufficient ig vivo polvoxin D con-

centration to inhibit chitin synthetgse.ﬂ

6.3 Effect of polyoxin D on [SH]glucosamine incorporation

in ethylene glycol treated conidia.

’

Bates and'Wilson £1974) found that Neurospora crassa
conidia grew as single cells in the presence of 3.22 M ethylene
glycol and that removal of ethylene glycol by dilution after

48 hours of contact resulted in synchronous germ tube formation.

The effect of polyoxin D on germination in this system was A

examined in the hope that the ethylene glvcol treatQ%?t would

.

increase the in vivo concentration of polyoxin D.

.The results of Bates and Wilson (1974) were confirmed
(Figure 44). . The time of contact between anidﬁ? and ethylene

glycol'had-an impo;ﬁant effect on tbe’number’éf conidia!able.

. 2
-. . Y
v N




\Figure 44, Effect of polyoxin D on the germination

of Neurospora crassa conidia after growth in

ethylene glvcol medium.
treated with ethylene glycol for 24 hours

treated with ethylene glycol for 48 hours

.

treated with ethylene glycol for 48-hours
in the presence of polyoxin D-(2 x 10 °M)

»
-

Figure 45, Effect of polydxin D on the;uptake of [3H]

o

glucosamine by Neurospora crassa’conidia in

the presence of ethylene glvcol.
control o

polyoxin D A
(2 x 1073M)
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.conidia to form a germ tube (Figure 44).

42

to germinate. At least 48_hours of contact was required to
obtain synchronous germ tube formation but only 50% viability

was obtained. The' addition of polyoxin D (2 x IO-SM) at time

b}

2éro or at 24 hours had no effect on the'ability of fhe treated

~ . P

©

The conidia gréwn ip the presence of ethylene glycol
took up subsfantial dguantities of [3H]glucosamine (Figure 45);
this uptake was not affected by polyoxin D (2 x 10-5M). Pa;fl

of the radioactivity appeared in the 40,000 x g pellet.
" . - f.

Although polyoxih D inhibited the incorporation of radioactivity

. into this fraction initially, the inhibition caused by the

antibigfic was‘feduEed to. zero (TabIe 34) after 24 hours; well
before the‘abi}ity te form germ”tubes was examined. The lack
of effect of polyox1n D on germ tg%e formation in this system
couid be due to the lack of transpé?t 1nto the cell since it
had no effect on in v1vo Chltln synthes‘

DISCUSSION T - .

The relaiiogghip‘between_chitie synthesis enq germ tube
development in germinatingﬁfonfdia was inyestigated by exam;
ining the, effects of chitin inhibitors on gerﬁination.

‘ Kitazin ‘P (3:79/x 10~4M) sfrengly inhibited germ tube

- o 5 » -
formation; yetffhis concentration had little effect upon my-

‘celial injvitro chitin synthetase activity, indicating that

dlsruptlon of conidial germlniglon was not due to inhibition

~

of chitin synthesis. Possibly, its lnterference w1th conidial
e oav Y ° -

-germination was a result of a general membrane disruption, as

-

previously demonstrated in Pyriculdrie oryzae (Kakiki et al.,

P




1969; Maedo et al., 1970) “@%@ 1

v * -

© -
Polyoxin D, an 1nhib1tor of ‘chitin synthetase had llttle

effect on conidial germ tube formation ‘even at hlgh concentra-e

tions; However, 1t 1nh1b1ted up to 70% the incorporation of |

f H]glucosamlne into the 40, 000 X g oellet Ddrlng_the first

ten hours of ‘germination the degree of 1ﬁhrb1t10n was reduced

from 70% 'to 21% and 38% with polyox1n-ﬁ 2 x 10 5M’and

2 x 10-4M respectively. A similar result was found in the-

ethylene glycol treated conidia where the inhibitory effect

went from 30%.to ‘zéro (pelyoxin4ﬁa 2 x 107°M) over 24 hours.
Although polyoxin D is a structural analeg of UDP-GlcNAc and

as such a competitive 1nh1b1tor of Chltln synthetase, 1t was
unlikely that the inhibition was revereed by 1ncrea51ng ampunts
of UDP-GlcNAc sinée Schmit et.al. ' (1975) have shown that the
level of this gompouhd aééuallv decreases durihghgermihatdqn.
The r:dioaétivity iﬁgthe 40,000 x g pellet consisted of chitih-

ase digestible and, chitinase re51stant materlalQ the chltlné"e

-~ —_— &

‘solubilized fraction made up an increasing proportlon of the

~
~

1ncorporated radloact1v1ty asugermlnatlon progressed. “This - -
situation also occurred with ethylene glycol treated conldla..-ﬁ
The inhibition of the qhigzhase re51stant fragtlpnfby.pq;ngrn
D,remained'cbnetant but the inhibition of the-chitgnase sensi-
tive fraction was reduced and, therefore, the overall inhdbi-
tion decreased. :

At six hours éoiyoxin D (2 x 10°%M) inhibited cﬁ}tih'syn~
thesis a mgximdm.of 268. The lack of effect of goryoign.D on

germ tube formation by Neurospora crassa conidia was nof® a

~




[
? - ©

~

result of the absence of chitin synthesis at this time as
suggested by Schmit aﬁd Brody (1976) but more liKely a result
of poor penetration by the aﬁtibiotic. Poor penetration of

-

polyoxin D has been deyonstrébed in the veast S. cerevisiae

(Bowers -et al., 1974). Also,'Hori et ‘al, (1974) 'suggested

- . ¢

that the existance of resistant strains of Alternaria kiku-
v / .
chiana to polyoxin D was due to poor transport of the anti~

~ <~

biotic.

One can argue that chitin. synthesis plays no role during
germipation as it avparently does in germ tube elongation,.
thus explg}ning the iack of effect of polvoxin D on germina-
tion. Such an argument is qﬁiikelv, however, since polyoxin

N

™ D has been found to inhibit germination in Mucor rouxii

(Baftnickiécaicia, and Lippman, 1972b) and Trichoderma viride
2 ) -

(Benitez et al., 1976) .
Although the specificity of polyoxin D has been demon-
strated in numerous systems, one woéuld eXpect it to act on

other enzymes which involve UDP—GlcNésrsince it 1is essenEiall?

a structural analog of this compound. Indeed, in gg;ginating

conidia of Neurospofg—;rassa, polyoxin D inhibited the forma-

s

. = . T .
" tion of a chitinase resistant fraction to a much greater ex-

tent than it inhibited chitiw synithesis. Even though the inHi-

bition of this/fraction was 70%, no effect on Jgerm tube forma-

/ - -

; tion was apparent. This fraction probably has no direct role
2 « -

in the formation of the.,germ tube..

The chitinase sensitive fraction from conidia was much

‘

T T e e ,-‘y‘,}ﬂ,‘;.;;(\,a 2 0
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more susceptible to polyoxin D than the same fraction from the

germ tube., If this conidial fraction was chitin, then. the

chitin syhthetase of conidia was differént from the enzyme
. ) A
located in the germ tube. A more plausible explanation woul

I

- be that most of the conidial chitinase sensitive fractfon wes

-

g

not, chitin. ) -
AN ’ . -
2 ' The chitinase sensitive fraction became an increasing

-~ proportion of the total radioactivitv incorﬁorated in germina-
\ ~

. ting and ethylene glycol treated conidia. Howevef,.the ethy-

>

lenqul§c61*treated conidia did not form germ tubes and if this

fraction was chitin as it was in the untreated conidia, then

we have an increase in chitin synthesis without germ tube for-

-

' mation. Perhaps this occurxence prevares the ethylene glycol
\ : ) - -
tr%?ted conidia for synchronous germ tube formation when the

2

ethylene glycol is removed by dilution. This ,also indicates

" that 6ther factors besides chitin synthesis are important in
C .
the formation.of the germ tube.
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CHAPTER VII GENERAL SUMMARY
- The exect role of chitin syﬁthesis in germ tube for-
mation in funqi is net well understood\ﬁut some evidence for
‘its i%vélvement has come ‘from inhibitor studies and the study

of various mutants.

A -

In this study of Neurospora crassa protoplast syetems,

¢ there was a direct relationship between the abilitv to form

v , -

chitin and the ability to form & germ tube. The specific

. ‘chitin synthetase inhibitor polvoxin D prevented protoplast
reversion. ,Aithough it was difficult to say that the morpho-
logical effect Qas strictly due to the inhibition of chitin
synthetase, this antibiotic had no effect on_ghe-growth of

) 2
the slime mutant .of Neurospora crassa, an organism which does

v TR e

not synthesize chitin. Also, polyoxin D had no significant-

~ b4 -

effect on conldlal aerm tube formatlon or conldral chitin
i Y A -
; ’ SynthGSIS even though it did penetrate the conldla in .suffic-

o~
gor

¥
ient concentratlons to 1nh1b1t thé incorporation of | H]

glucosamine into non-chitinous volymers., o © s
. .

Both the slime mutant of Neurospora crassa and the

majority of protoplasts obtained from.m§celia were unabile to
form hypha. The nonfreverting mycelial protoplaets had‘very
. lo@ amounts of chitin synthetase either in an active or latent
fgrmrﬂm;his éondigipn was probably tgg'result of membéane
damage caused by the "snail gut" enzyme usedlﬁo‘obtaiﬁ the
protoplasts. Their inability to revert to hyphal qro&th was
more llkely the result of damage caused by the snall enzyme

' ' rather than their lack 6; chltln synthetase. On 'the other

) . . '19~o, £ 7

. AT - ~ - e
(AT “".'d"hﬁ\{)’t' DS I K ' - -
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~ .. hand, the slime mutant also had.low levels of chitin synl
thetase in an active or latent form which could be resoon-

sible for its form of érowth.

«

These results pro?ide evidence for the central rale
of chitin synthesis in the formation of the germ tube in

Neurospora c<rassa and indicate that cell wall polymers have

,an important function in~determining funggl_mornholoqy.
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