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SUMMARY

1. Conditions were found in which protoplasts of

B. amyLoLiquefaciens synthesized both the extracellular

cx,-amylase and protease.

2. The cl-amylase and proÈease were synthesized

by protoplasts at 45e" and 25e" respectively of the rate

in intact cells, even though RNA and protein synthesis

occurred at the same rate in both cells and protoplasts.

3. The synthesis of these enzymes by protoplasts,

unlike the synthesis by ceIls, was immediately inhibited

by both actinomycin and chloramphenicol.

4. Protease synthesis by protoplasts, unlike cel1s,

was stimulated by increasing the levels of amino acíds in

the medium.

5. Protease synthesis by protoplasts required

both ZnSOn and KCl in the incubation medium. A reduced

rate of synthesis was observed in the presence of ZnSOn

alone.

6. EDTA and phenylmethyl sulphonyl fluoride

completely inhibited protease activity in culture super-

natants. Using the inhibitors and a zinc-free medium,

conditions were devised in which c*-amylase synthesis

occurred normally, but protease activity was negligible.

7. Lysates were obtained from protoplasts free of
protease activity and used for preliminary experiments to

determine the site of synthesis of extracellular enzymes.

8. Resuspended ce1ls of BacíLLus subtiLis 1-68

synthesized extracellular protease in the presence of

rifampicin for about 20 minutes.
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9. Protease synthesis by B. subtiLis 168 was

repressed by high concentrations of amino acids. In these

conditions, the synthesis of protease followed a biphasic

time course, the first phase (lasting 20 30 minutes)

being insensitive to rifampicin, and the second phase being

completely sensitive to this inhibitor.

10. Total cellu1ar RNA synthesis was sensitive to

rifampicin at all times.

11. The synthesis of protease was sensitive to

chloramphenicol in all cases.

L2. The results support the concept that the

accumulation of mRNA for extracellular proteins is

biologically meaningful .
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GENERAL TNTRODUCTION

INTRODUCTION

The work to be described in this thesis* concerns the

synthesis of extracellular enzymes, in particular the

synthesis of oú-amylase and protease by the gram-positive

organisms BaeíLLus amyLoLiquefaeiens and BaciLLus subtiLis

L6B. The former secretes into the external medium large

quantities of extracellular enzymes, notably' protease'

o-amylase and ribonuclease. It can actively produce

these enzymes under conditions where the cells are not

growing and these cells can be easily washed free of

accumulated extracellular enzymes and resuspended in test

solutions thus making it very amenable to experimental

study. The above is true also of B. subtiLis L6B except

that this organism secretes at a considerably lower rate.

The broad subject of extraceltular enzyme synthesis and

secretion has been well covered within the last three years

by the following reviews:

I) 'Production of extracellular proteins by

Bacteria', by A.R. Glenn (L976) ¡ and

2) 'Extracellular enzyme synthesis in the genus

Bacillus', by F.G. Priest (L977).

The material they cover will not be repeated here except

to emphasize points of interest to this thesis.

Since the experimental work to
thesis was completed in January,
will deal al-most excl-usively with
prior to this date.

be described in this
I977, this introduction
literature available

*
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1.8 EXTRACELLULAR ENZYMES

Extracellular enzymes are mainly scavenger enzymes '

their function presumably being to degrade large molecules

in the bacterial environment so that they may be assimilated

and used by the organism concerned. claims have also been

made for a function of exoenzymes in sporulation since

maximal exoenzyme synthesis occurs just before sporulation

(Priest, Lg77). However, both these phenomen¿ may be

independently related to a decrease of nutrients in the

external medium and thus r ëIrI amylase def icient mutant of

B. subtiLís can grow and sporulate normally (Schaeffer'

1969). Many of these enzymes are potentially lethal to the

cells that produce them I e-g., ribonuclease, protease, and

do not occur in detectable amounts in active form inside

the cells. Many extracellular enzymes do not have intra-

cellular substrates (e.g., penicillinase) and, in the case

of the extracellular ribonuclease of B. amyLoLiquefaeiens ,

an intracellular inhibitor exists for this enzyme to which it

binds irreversibly (Smeaton and Elliott, L967a) ' The sizes

of bacterial extracellular enzymes vary widely, but they

are mostly in the range of 20,000 to 40,000 daltons (Glenn,

Lg76). Much of the interest in this field is thus centered

around the molecular biology of enzyme secretion, the main

question being of how these relatively large and, in many

cases, potentially lethal enzymes can be synthesized and

secreted with immunity by the bacterial cells'

This problem is not confined to bacterial celIs.

Eukaryote cells also secrete extracellular ellzymes and

other proteins I e.g., the liver' pancreas and various
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hormone producing organs. In the liver and pancreas, fot

example, the extracellular enzymes are secreted across the

endoplasmic reticular membrane from where they are trans-

ported to the Golgi complex to be processed and packaged

in secretory Vesicles. These fuse with the plasma membrane

and release their contents by reverse pinocytosis (Andrews

and Tata, I97I¡ Castle et qL., 1972; Palade et aL', 1962') '

The initial problem of how these enzymes are synthesized

and Secreted across the endoplasmic reticular membrane

may be similar to that in bacteria. As major ad.vances

have recently been made in the stud.y of secretion in

marunalian systems these wilt no\^t be discussed.

EXTRÄ,CELLULAR ENZYME SECRETTON IN EUKARYOTES

A considerable body of evidence suggests that in

mammalian cells exportable proteins are synthesized on

membrane-bound polysomes, whereas non-exportable proteins

are synthesized on free-polysomes (Borgese et aL., I974¡

Ganoza and !íil]iams , L969¡ Redman, 1969¡ and Takagi, Tanaka

and Ogata,1970). It was originally proposed by Redman and

Sabatini (1966) that enzymes secreted by the pancreas are

synthesized on ribosomes bound to the rough endoplasmic

reticular membrane and are secreted, in nascent form, âS

they are translated. This basic idea has been considerably

elaborated to form the 'signal' hypothesis which is

discussed beIow.

In recent years evidence has accumulated that secreted

proteins are produced as precursors which are c<-r¡rvertêd to

mature protein in the Golgi complex. With the isolation of
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mRNAs for secretory proteins and translation of these in
heterologous cell-free systems it has also been shown that
secretory proteins (some in precursor form) also have a

characteristic peptide at their N-terminus (e.9., prolactin
and insulin. For references and discussion see Campbell and

Blobel, 1976). These findings support the 'signal'
hypothesis originally proposed by Blobel and Sabatini (L97L) ,

and which has been considerably extended and supported by

results of their own work (B1obe1 and Dobberstein, I975t

Dévillers-Thiery et aL., 1975; Campbell and Blobel, L976).

The central feature of this hypothesis j-s that secretory

proteins have a coÍrmon N-terminal sequence of amino

acids (encoded by the mRNA for these enzymes) which

causes the ribosome synthesizíng this protein to bind to
the membrane of the endoplasmic reticulum. They further
proposed that the signal peptide, on associating with the

membrane, causes the association of several ribosomal

receptor proteins of the endoplasmic reticular membrane thus

forming a tunnel through which the polypeptide is extruded into
the intracisternal space. The signal peptide is removed, before

the chain is completed, by a membrane-bound protease. The

model thus provides for the selective synthesis and secretion

of exportable proteins. A key feature of this mechanism is
that the transport through the membrane depends upon con-

comitant protein synthesis by membrane-bound ribosomes,

since the polypeptide chain moves through the tunnel in an

extended form as it is being lengthened. Dévillers-Thiery
et aL. (1975) determined the sequence of up to 24 amino

terminal resj-dues of several putative precursors for
pancreatic secretory proteins which had been synthesized

in uitz,o in cell-free systems. These studies revealed an
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extensive homology of the 16 amino terminal residues and

also that they comprised an unusually large percentage of

hydrophobic residues. A similar result was obtained for

IgG light chain precursor 'signal' sequence (Schechter et

aL. , 1975) . The likelihood of an interaction between these

hydrophobic residues and the membrane further supports the
lsignal' hypothesis .

J. Rothman and Lod.ish (1977 ) also provide evidence in

support of the 'signal' hypothesis. They investigated the

synthesis, by vesicular stomatitis virus, of G protein

(glycoprotein) on ribosomes bound to the endoplasmic

reticulum of infected cells. The protein is inserted into

the membrane before being further processed and transported

to the plasma membrane. They showed that G protein could be

synthesized on free ribosomes, but if membranes h/ere added

after 40 residues had extended outside the ribosome, the proper

insertion into the endoplasmic reticular membrane failed to

occur. Thus the N-terminal residues appeared to act as a

signal directing both the insertion of the protein into the

membrane and the binding of the ribosomes to the endoplasmic

reticulum. The nascent chain apparently spans the lipid

bilayer so that the protein is extruded across the membrane

as it is being elongated and this causes the protein to

cross Lhe membrane. However, recent evidence indicates that

there may be other mechanisms by which proteins cross

membrane barriers.

In studies of ovalbumin secretion by glands of the

oviduct, it was shown that the ovalhumin does not possess

a signal peptide, but that it is still secreted normally
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ín uiuo (Palmiter et aL. , 1978) . In addition the N-

terminal sequence (the first 20 amino acids) was less

hydrophobic than those of transient signa1 peptides'

Highfield and E1lis (1978) have proposed that a

specific carrier protein in the chloroplast membrane was

responsible for the uptake of ribulose biphosphate carb-

oxylase. They reported that the ribulose biphosphate

carboxylase 1aIaS synthesizeð. ín uitv'o as a high molecular

weight precursor, with an extra amino terminal sequence

enriched in acidic rather than hydrophobic amino acids.

This precursor \^IaS taken up by isolated chloroplasts and

cleavecl to its final size (presumably by a membrane-bound

enzyme) without concomitant protein synthesís. There is

tentative evidence that completed rat liver ô-aminolevulinate

synthetase can traverse the membrane of mitochondria

(Ohashi and Sinohara, L978) .

There is also recent evidence that secreted proteins,

many of them potentially lethaI (e.g., proteases' lipases)

may not be lost from the organism after secretion to the

intestine, but may be reabsorbed for reuse by the body much

as secreted bile satts are recycled by absorption from the

gut. The work of Rothman and. colleagues (Cötze and Rothman'

I}TL; Isenman and Rothman, 1977) , showed that radioactive

chymotrypsj-nogen is absorbed from the gut and reappears in

the pancreas unaltered, and that approximately 80 902 of

the pancreatic enzymes may be recirculated-

These findings do not detract from the 'signal'

hypothesis; they illustrate that selective transport across

biological membranes is a complex process which can occur
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by a variety of mechanisms-

EXTRACELLULAR ENZYME SECRETION TN BACTERÏA

In the bacterial extracellular enzyme field as well'

recent developments have resulted from cell-free synthesis

of extracellular enz)rmes. Several of these appear to be

synthesized as precursor molecules. There is eVidence that

the bignal'hypothesis may apply not only to the secretion of

animal proteins, but also to the secretion of bacterial

proteins.

In Eseherichia eoLi the alkaline phosphatase' a

secreted periplasmic protein, appears to be synthesized

on membrane-bound ribosomes as a larger molecular weight

precursor and extruded through the membrane as it' is

synthesized.. cancedda and schlessinger (L974) demonstrated

that in E. coLi nascent ralkaline phosphatase is mainly found

on membrane-bound ribosomes. Inouye and Beckwith (L977)

synthesized. E. eoLi alkaline phosphatase in a DNA-directed

(Zubay, Lg/3) cell-free system. A higher molecular weight

product was found and this could be processed to approximately

the mature size by an E. coLí outer membrane fraction in

uitt,o. The precursor was highly hydrophobic and this

property appeared to result from the extra segment. They

suggested that the 'signal' hypothesis of Blobel may apply

in prokaryotes as well. smith ¿l aL. (L977) provided

evidence that secreted proteins of E. coLi may traverse

the membrane as growing chains, i.e', they may be extruded

directly as they are synthesize,J.. spheroplasts of. E- coLi

r^rere labelled with a reagent that reacts with amino groups
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but does not cross the membrane. Polysomes isolated from

the membrane-polysome fraction contained radioactivity'

and furthermore, when allowed to complete the translation

in an in uitro system , smj-L¡I et aL. (L977 ) found a portion

of the protein made was alkaline phosphatase'

A mechanism similar to the 'signal' mechanism also

appears to be involved in the secretion of penicillinase

by BaciLLus Licheniformis. Yamamoto and Lampen (L976)

found that the membrane-bound penicillinase of B. Lichenifornis,

which appears to be a percursor of the extracellular enzyme'

\,üas a phospholipoprotein that carries an N-terminal chain of

24 amino acids and a phosphatidylserine. This form is

produced. during celt-free synthesis in a homologous cell-free

system (Dancer and Lampen, L975). It is perhaps significant

that the phospholipopeptide, and indeed the hydrophobic

'signal;' on mammalian proteins, iS lOng enough to extend.

across the lipid þilayer of the membrane. It should be noted'

however, that the location of the phospholipid and hence its

function in the peni,cillinase is unclear. The authors point

out that the proposed mRNA fragment coding for the precursor

segment would have a high purine content (80%), and thus

would have a structure very similar to that of poly-A- This

occurs at the 3'-end of mRNAs from eukaryotes and has been

reported to have an affinity for the membrane (tt¡tilcarek

and Penman, Lg74; Lande et qL., L975), and thus it is

possible that the mRNA for membrane penicillinase (5'-end)

and the nascent peptide contains structures that would favour

the translation of these mRNAs at the membrane rather than

on free ribosomes in the cytoplasm.
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B. q.mALoLiquefaciens synthesizes an cl-amylase which

is associated with the cel-I membrane and can only be

solubilized with detergents (Fernández-Rivera Rlo and Arrogo-

Begovich,IgT5).Itispossiblethatthisisasituation

analogous to that for the penicillinase of B. Lieheniformis,

with the celI-bound cr-amylase being a precursor of the

extracellular c*-amYlase .

AlthoughtheworkwiththeE.coLíalkalinephosphatase

hasprovidedstrongevide¡rceforthesynthesisofextra-

cellul-ar proteins at the membrane, such claims h/ere disputed

in the past (Glenn , L976'). Recently Randall and Hardy (L977)

isolated a membrane-bound fraction of porysomes from E.eoli

and looked at their transl-ation products in uitv'o' They

foundthattwotypesofprotein\^/eremade:asecreted
períplasmic protein and one which associated with the membrane'

Soluble ribosomes, however, produced a different class of

proteins.Theyconcludedthatmembrane-boundpolysomes

preferentiallysynthesizeproteinswhichareexportedfrom

the cytoplasm.

May and Elliott (1968a) and Both ¿Ú aL. G972) proposed

that extracelrurar enzymes in BaciLLus amyLoLiquefaciens are

synthesized on membrane-bound polysomes and are directly

extruded in nascent form as they are being synthesizeð"

McMurchie (Ig77), however, found no evidence for membrane-bound

ribosomes in B. amaLoLiquefaeiens when examining the membranes

of lysed protoplasts by electron microscopy' Thís may

simply refl-ect that any association between membranes and

ribosomes is loose (i'e', that the ribosomes are easily

dissociated) .

Thereisclearlyagreatdealofinvestigationneeded
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before a precise understanding of the mechanism of extra-

cellular enz)rme synthesis and secretion in animals' plants

and bacteria is possible. At present it seems unlikely

thattherewillbeaunifyingmodeltoexplainsecretion

in animals and bacteria. The evidence for the 'signal'

hypothesis is convincing for some proteins but seems

certain not to apply to al1 exported proteins'

AIMS OF THIS THESIS

Theworktobedescribedinthisthesishadthe

following aims:

a) To investigate the secretion of exoenzlzmes

by protoplasts, which being devoid of cell wall' are a

simpler system for the study of secretion'

b) To determine conditions in which protoplast

lysates can synthesize extracellular enzymes in Uitv'.o.

As this work was undertaken, it became clear that proteolytic

degradation in the lysates was a serious problem' Therefore'

an extensive study was made to determine conditions in

which cl-amy1ase, but not protease' was synthesized by

protoplasts.

c)TodeterminewhethertheaccumulationofmRNA

specific for extracellular enzymes is a peculiarity of

B. amyLoLiquefaciens or whether it was a more qeneral

phenomenon. Thus the accumulation of mRNA for the extra-

cellular protease of a genetically distinct organism,

BaciLLus subtiLis 168 | $/as studied'

d) To determine the site of synthesis of extra-

cellular enzymes of B. amgLoLiquefaeíens ' The work in
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Appendix A of this thesis

igations directed towards

describes preliminary invest-

this aim.
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MATERIALS AND METHODS
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MATERIALS

Bacterial Strain

The organism was previously described as an unclassi-

fied strain of BaeiLLus subtíLis¡ however, it has since

been classified as a distinct species u BaciLLus amyLo-

Liquefaeiens on the basis of DNA base composition and

DNA hybridization studies by Vüelker and Campbetl (1967) '

BaeiLLus subtiLis 16S (a tryptophan or indole auxotroph)

was obtaj-ned from Professor J. Mandelstam. This was kept

as a spore suspension in distilled water at 2o 4"C'

Liquíd Growth Media.

a) Medium for growth of B. amltLoLiquef aciens

The culture medium contained 34 mM (NH4) rHPo4r

1 mM MgSOn, 5 mM KCl' 4.25 mM sodium citrate, 0'L25 mM

CaCIT O.OI25 mM ZnSOn, 0.5 M FeClr r 0.5U (w/v) Bacto

casamino acids, 0.05|6 (w/v) Bacto yeast extract (Oifco),

trace metal solution (0.25 ml/litre), and 1% (w/v) maltose'

The medium was adjusted to pH 7.3 with H3PO4 and sterilized

by autoclaving. Maltose \^ras autoclaved separately and

\^7as added just before use. The trace metal solution

contained 0.5 mg cocIr.6H2O' 0.5 mg ammonium molybdate'

5.0 mg MnCIr.4H2O, and 0.01 mg cuson.5H20 dissolved in 1

litre of water. (In the text the term 'trace metals and

combined salts' refers to the combination of the trace-

metal solution together with KcI, CacLrt ZnSOn at the above

concentrations ) .

b) Medium for growth of B. subtíLis 768

The casamino acid growth medium of Donnellan'



13.

Nags and Levinson G964) was used'

Cel1 Suspending Media.

Washedcellsuspensionmedium(WcsM.Highaminoacids)

was the same as the liquid growth medium except that FeCl,

and yeast extract were omitted, thereby limitinq cell

growth. 'WCSM-Low amino acids' was the same as 'WCSM-

Highaminoacids,exceptthattheformercontained0.o25%
(w/v) casamino acids whereas the latter contained 0 ' 5%

(w/v) casamino aci-ds.

Protoplast Suspending Media

a) PMC medium

This medium contained 25 mM Tris-HCI'

3.8 mM (NH4) 2HPo4, 5 mM KCl, 10 mM MgSon ' 4'25 mM sodium

citrate , 0.L25 mM CaCLr, 0'0125 mM ZnSon' 0'0252 (w/v)

casamino acids, trace metal solution (as for the liquid

growth medium) , Leu maltose and 222 (w/v) sucrose' The

medium was adjusted to pH 7'3 with HCl'

b) PM medium

The medium \^ras the same as PMC except that

phosphate, sod'ium citrate, the trace metal

KCI, ZnSOn and CaCl2 were omitted and the

concentration of MgSOn was reduced to 5 mM'

c) PMZ medium

PMZ medium is PM medium containing 0'0125

mM ZnSO
4

and 5 mM KCI.

PMT medium

This medium was the PMZ medium supplemented

with the trace metal solution as for the PMC medium'

maltose,

solution '

d)
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e) PMA medium

Is PM medium with 5 mM KCl.

Radioisotopes

tI4cl-uracil (spec. act. 55 mci,/mmole), r,-tt4cl-

phenylatanine (spec. act. 460 mCi/mmole) and L-tI cl-

leucine (311 mci/mmole) was obtained from Schwarz-Mann,

orangeburg, N.Y. r,-t14cl-valine (spec. act. 250 mci/

mmole) \^ras obtained from the Radiochemical Centre'

Amersham, England.

Antimicrobial Agents

Actinomycin D v/as a generous gift from Merck, Sharp

and Dohme Research Lab., Rahway, N.J. Rifampicin 
,was

from Sigma Chemical Co. Chloramphenicol (chloromycet.in)

\^¡as from Parke-Davis & Co., Sydney. Pactamycin was from

Upjohn and Sodium fusidate from Squibb.

Enzymes

Egg white Lysozyme (21r000 units,/mg) I^las a three-

times crystallLzeð. product of Sigma Chemical Co. TPCK-treated

trypsin r^ras purchased from Worthington Biochemical Corp.,

Freehold, N.J.

Enzyme Substrates

Light, white soluble casein (British Drug Houses

Ltd., Poole, England) \^ras used a substrate for protease

assays. rPhadebas' amylase test tablets were purchased

from Pharmacia (South Seas) Pty' Ltd. ' Lane Cove' New

South Wales.

Remazol Brilliant BIue (RBB) \^¡as a generous gift

from Farbwerke Hoechst AG., Frankfurt and Hide Powder was
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purchased from calbiochem. The Remazzo Brilliant BIue-

Hide Powder (nBB-Hide) complex $/as prepared according

to the method of Rinderknecht et aL' (1968)'

Trypsin and a-Chymotryp sin Inhibitors.

The trypsin inhibitor l-chloro-3 tosylamide-7-amino-2-

heptanone HCt (TLCK) and cl-chymotrypsin inhibitor cr-I-

tosylami do-2 phenylethyl chloromethyl ketone (TPCK) Ì^rere

both purchased from Cyclo Chemical Corp' I Los Angeles'

California.

Scintitlation Fluid

Scintillation fluid contained 3 g of 2'S-diphenyl

oxazole (PPo) and o-3 g of I,4-bis-Í2-(4 methyl-phenyl

oxazolyl) lbenzene (POPOP) per litre of toluene. PPO and

PoPoPweresuppliedbythePackardlnstrumentCo.'

Melbourne.

NCS-tissue solubilizer from the Amersham,/searle Corp.

Other Reagents

SDs(sodiumdodecylsulphate)fromsigmaChemicalCo.

Acrylamide (E. Merck, Darmstadt) and bis-acrylamide

(N' ,N'-methylenebisacrylamide) (sigma chemical co. ) \^rere

recrystallizedbythemethodofLeoning(1967).
TEMED (N , N, N' , N' -tetramethylethylenediamine ) from

Eastman Kodak Co-, Rochester' N'Y'

Ammonium persulphate from British Drug Houses

(australia) PtY. Ltd-, Víctoria'

Trisbuffers:crystallinetríswasobtainedfrom

Sigma Chemical Co. as 'Trizma' base, reagent grade'

Solutions were adjusted to the required pH value by the

addition of HCI.
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TTNSA(tri-iso-propylnaphthalenesulphonicacid)\^/as

from Eastman Organic Chemicals.

spermidine (free base) and phenylmethyl sulphonyl

fluoride \^Iere supplied by Sigma Chemical Co'

1,l0-phenanthroline was obtained from Univar'

Ribonucl-ease-free Sucrose 1nIaS purchased from Schwarz/

Mann, Orangeburg, N"Y.

Reagents for Cel1-free SYnthesis

Adenosine triphosphate (arp; disodium salt) ' guano-

sine triphosphate (GTP; disodium salt), creatin phospho-

kinase (rabbit muscle), creatine phosphate (disodíum

salt), and 2-mercaptoethanol were from sigma chemical co

r,-t12cl-amino acids were from Mann Research Labs., rnc., N.Y

TNM Buffer

25 mM Tris-HCI pH 7.3,7.5 mM MgSOn, 30 mM NH4C1'

Double-distilled Vlater

Double-distilled water was used throughout except

that tiquid growth medium was prepared with mono-distilled

water. The second distillation was from an all-glass

apparatus.

Treatment of Equipment and Solutions to Minimize Ribo-

nuclease Contamination

All glassware and equipment, where necessary, \^/as

washed in I N KoH, rinsed well with distilled water and,

if possible, sterilized by dry heat. Disposable plastic'

or washable rubber gloves \^7ere worn when handling ribo-

nuclease-free equipment. Solutions (and glass-distilled

water) were autoclaved wherever possible.



B2

17.

METHODS

Preparatíon of Spore Suspensions

B. amyLoLiquefaciens or B. subtiLís cultures, after

growth overnight in liquid growth med.ium' \^7ere centrifuged

down and resuspended to the same cell density in sterile

growth medium which had been previously diluted 25-fold

with sterile water. The cultures \^lere shaken in this

diluted. medium for 24 hoursi spores and intact cells ülere

centrifuged down and resuspended in sterile water. To

destroy the remaining vegetative cells, the suspension

was heated at BO" for 30 minutes and after cooling to

room temperature, the spores hrere centrifuged down at

10,000 g for 30 minutes under sterile conditions. The

spores \^7ere washed with sterile water by resuspension and

centrifugation and finatly resuspended in a suitable

volume of sterile water. The suspension Ì^las distributed

into small sterile bottles and stored at 40 until

required.

Growth of the Organism

1) Culture of BaciLLus Amu LoLíque faciens

Culture medium was inoculated with a

platinum loop from a suspension of spores of BaciLlus

amyLoLiquefaeiens and incubated at 30oc in a gyratory

shaker to a cell density giving an optical density at

600 nm (OD6OO) of 3.6 (late log phase, approximately

25 hours after inoculation).

2) Culture o f BaeiLLus subtiLis L6B

The casamino

Donnellan et aL. (1964) was

acid growth medium of

inoculated with a looPful of
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spores and cultures \^rere incubated overnight at 30"C in

a gyratory shaker to a cell density giving an ODU'.nm

of I.5 (mid- to late-log phase).

Washed-cell Experiments

I) BaeiLLus amuLoLiquefaeiens

Late 1og phase cells (OD6O0 = 3.6) h/ere

harvested, washed twice by resuspension and centrifugation

at 30oC with the appropriate suspending medium. A sample

of cell suspensions (20 40 ml) was shaken in a 250 mI

conical flask at 30oC in a gyratory shaker. Samples

(1.0 2.0 ml) were withdrawn at appropriate times,

centrifuged and the supernatants assayed for extracellular

enzyme activity.
2) BaciLlus subt¿Lis L6B

The ceI1s lrrere harvested by centrifugation

at room temperature (5 min at 6000 g) and resuspended to

the same ceII densi-ty in a medium (pH 7 .I) containing per

litre, glucose 10 g, tryptophan 0.02 g, salts as in the

casamino acid growth medium and either 0.5 g or 8.5 g

casamino acids (to give low and high amino acids media

respeetively) .

Volumes (40 mt) of cell suspension l^rere incubated at

37"C in a gyratory water bath, and at appropriate times

samples (2 ml) were withdrawn, the ce1ls centrifuged down

as above and the supernatants assayed for protease.

3) Protoplast preparation and resuspended protoplast

experiments

A mutant

was used exclusively in
strain (LF ) of B.

these experiments.

a 1: ..-¡-.-qtil!.1 Lo L-LqU¿ I dc LetLs

This strain does
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not produce the protoplast bursting factor described by

May and Elliott (1970).

The preparation and stabilization of protoplasts

poses problems not normally encountered with cell suspensions

lsee reviews by spizizen (Lg62) and McQuillen (1960) I ' A

particular problem is the osmotic and mechanical fragility

oftheprotoplasts.Carewasused,therefore,tominimise

shear forces during pipetting and shaking (90 orbits per

minute was used for the shaking of protoplast suspensions

compared with 300 for cells). osmotic lysis was prevented

bypreparingandmaintainingprotoplastsinmediaofhigh

osmoticstrength.Theappropriateionicconditionsand
osmotic strength of the medium and a suitable lysozyme

concentration \^lere determined empirically'

TheLFstrainwasculturedinliquidgrowthmedium

at 300 untir the oD 600nm was 3 -6 ' The culture was

harvested, washed once with the appropriate medium

lackingsucroseat30o,andfinallyresuspendedinthe

same vofume of medium containing sucrose' Samples (10

40 mI) of the washed cel1 suspension \¡\tere incubated with

shakingin300mlehrlenmeyerflasksat30"for45minutes

in the presence of I33 Pg/mI lysozyme' In some experi-

ments, 0.8 ml samples were removed during protoplast

formation at various times, centrifuged and the supernatants

assayed for extracellular enzyme activity' rn other

experiments,completedprotoplasts\^Ierecentrj-fu9ed'

resuspended in the appropriate media and further incubated'

at 30o with shaking. In these experiments, samples were

withdrawn at appropriate times, centrifuged, and, the super-

natants assayed for enzyme activity' Ribonuclease was
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not measured in any of these experiments because of the

complication of inhibitor release (Smeaton and Elliott,

1967b) that will occur upon lysis of even a sm¿rll

proportion of the ProtoPlasts.

Enz Assays

a) Protease

Protease was assayed by either a casein

digestion method or by a method modified from that of

Rinderknecht et aL. (1968), the latter method being

approximately 115 times more sensitive'

i) Protease est imations using a casean

substrate:

Protease was estimated using a

casein substrate. A stock casein solution was prepared

by heating 1 g of casein with 100 ml of sfrensen's

buffer, pH 7.6 (I2.2 g NarHPOn, I.B2 g KHTPO* per 1'0

Iitre of water). Assay tubes contained I'0 mI of stock

casein and I.0 mI of suitably diluted enzyme. Tubes

were incubated for the required time at 35o and the reaction

r,rras stopped by the addition of 3 ml of 5% (w/v) TCA'

Tubes u/ere cooled on ice for 30 minutes, centrifuged for

15 minutes, and the absorbance of the supernatant at

2BO nm \^tas determined. Control tubes were prepared by

adding the TCA solution to the stock casein prior to

the addition of enzyme and were otherwise treated in the

Same manner aS the assay tubes. The relationship between

enzyme concentration and absorbance at 280 nm \^IaS linear

to 0.7 . A unit of enzyl'rÌe is def ined as that amount of

enzyme which will produce a change in absorbance at 280 nm
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of 0.05 in 40

ii)

minutes at

Protease

350.

assavs usinq an RBB-Hide substrate:

The assay mixture contained I0 mg of

the insoluble RBB-Hide powder, and 1.5 m1 of enzyme suit-

ably diluted in 50 mM Tris-HCI buffer, PH 7.8- Assay

tubes r^rere incubated at 37" for 40 minutes and the reaction

\^ras stopped by plunging the tubes into ice water. The

tubes \^rere centrifuged for 5 minutes at 31500 x g and the

absorbance of the blue dye released into the supernatant

was measured at 595 nm. A control tube containing no

enzyme \^las treated in the same manner.

The relationship between enzyme concentration and

absorbance at 595 nm \^Ias linear to 1.3. A unit of protease

activity is defined as that amount of enzyme which produces

an increase in the absorbance at 595 nm of 5 -7 in 40

minutes at 37o. This corresponds to the casein assay

unit defined above. Apart from íts greater sensitivity,

this assay is useful when enzyme samples contain material

which absorbs strongly at 280 nm and which would otherwise

interfere with the casein assay.

b) Amylase

o-Amylase b¡as assayed by using Phadebas

(Pharmacia) Amylase test tablets. The stock buffer

solution contained 2.5 litres of 0.1 M potassium phosphate,

0.A25 M NaCI, PH 6.2¡ 2.0 litres of watert l0 mI of 0'1 M

CaCLr; II m1 of 5 mM ZnSOn.

An even suspension \^/as prepared by mixing one

'Phadebas' tablet with 5 ml of stock buffer, and 1 ml

aliquots of this suspension \^lere pipetted into assay
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tubes.Suitablydilutedenz)rme(0.5mI)wasaddedand

thetubesincubatedat3T"for30minutes.Development

ofsolubleb]-ueproductwasterminatedbytheadditíonof
0.2mtofo.5NNaoH"Thetubes\^'erecentrifugedforl0

minutesatfullspeedonaM.S.E.benchcentrifugeand

the absorbance at 620 nm of the supernatant determined'

control tubes were incubated with stock buffer instead of

enzyme.

Therelationshipbetweenenzymeconcentrationand

absorbance at 620 nm hlas linear to 6 ' O ' A unit of

cr-amylase activity was defined as that amount of enzyme

whichproducesanincreaseinabsorbanceat620nmof
4.oin30minutesat3T".Thisunitcorrespondstothe

unit of c*-amylase activity previously defined using a

starch-iodine method (May and Elliot't¡ I96Bb) '

Measur ement of Total RNA S thesis.

lr4cl_uracit incorporation into total cellular RNA was

measured by shaking 3.0 6 ' 0 mI of a washed-celI

suspension with 0.8 UCi of tf Cl-uracil/ml in suspendinq

medium supplemented with lo ug of unlabetled uraciL/mL'

Samples(0.Iml)werewithdrawnatvarioustimesandadded

to 3 ml cold 5z (w/v) trichloroacetic acid containing 0 ' 1å

(w/v)unlabelleduracil.Afterstandingonicefor30

minutes insoluble precipitate was collected by filtration

on to GF/C filters and washed repeatedly with a total

volumeof15mlofcoldtrichloroaceticacid-uracil

mixture and finally 9 mI of 13 (v/v) acetic acid. Filters

were dried and counted by liquid scintillation (Packard

Tri-Carb SPectroPhotometer)'
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Measurement of To ta1 Protein SYnthesis

To measure total protein synthesis by cells' 2'0 ml

of a washed cell suspension \^7as shaken with 0.5 uci of L-

tracl -phenyralanine (specific activity 460 mci/mmole) '

At appropriate times, 0'1 ml samples were pipetted

into 3 mI of ice-cold Lz (w/v) Bacto casamino acids in 10%

(w/v) trichloroacetic acid and left at oo for 30 minutes'

The tubes \^rere heated at 95oc for 30 minutes, then cooled

on ice for 30 minutes.

TheprecipitateswerecollectedonLoGr/afilters

and washed 5 times with 5 ml of la fu/v) casamino acids

inl0?(w/v)trichloroaceticacid,and.then3timeswith
5 mI of IZ (w/v) acetic acid. The filters \,vere dried and

counted by liquid scintillation.

SDS-PoIvacrYIamide GeI Electrophoresis

Thelo%acrylamidegelswerepreparedbythemethod

of Weber and. osborn (1969), the gels being cast into

silicone-treated glass tubes, l0 cm deep and 0'5 cm in

diameter. The samples (antibody precipitates, 100 ug

protein) \^lere prepared by adding 60 pl of loading buffer

containing 2z (w/v) SDS, 252 (v/v) glycerol , 22 (w/v)

Dithiothreitol, and 0.005? (w/v\ bromophenol blue and'

boiling this for 3 minutes immediately. Electrophoresis

\^ras carried out at B mA/gel for f our to f ive hours.

staining for protein was by the method of Fairbanks et

aL. (I971) .

Electron Mj-croscoPY

This was performed using a Siemens Elmiskop T

microscope operated at 80 kv with a 50 u objective
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aperture "

a) Preparation of neqatively stained specimens

A drop of suspension was placed on a carbon-

coated grid for about 20 seconds. Excess fluid' was then

removed with filter paper and several drops of stain

(22 aqueous uranyl acetate) hrere immediately placed on

the grid. The fluid from the grid was removed after

about l-0 seconds with filter paper and the trried grid

examined immediately.

b) Preparation of sectioned sPecimens

Cells and protoplasts were pelleted by

centrifugation and treated for I hour in glutaraldehyde

(0.1 M sodium cacodylate buffer, pH 7.2) unless otherwise

stated. After washing for 30 minutes in this buffer'

the petlet was fixed in Iz osmium tetroxide for I hour

and made up to Iz uranyl acetate for 30 minutes. The

fixed material was progressively dehydrated in acetone

and finally embedded in 'Araldite'. Thin sections \^Iere

cut on an LKB microtome and post-stained for 3 minutes in

Iead citrate.

Preparation of Protop last Lvsates for In Vitt'o ExPeriments

Lysates \¡/ere obtained from cells harvested early in

the exponential phase of growth (ODOOO = 0'3 0'45) '

The harvested ce]ls ü¡ere resuspended in PMT medium (300 mI)

to I/IO of the original culture volume. The cells \^/ere

converted to protoplasts (as described above) and, after

one wash in TNM buffer * 222 (w/v) sucrose hlere lysed in

5 m1 of TNMM l¡uffer (TNM buffer + 6 mM 2-mercaptoethanol) '

The thick suspension \itlas immediately frozen (dry Lce/
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ethanol) and, after thawing, divided into 400 uI a1íquots.

These vrere stored in liquid nitrogen until required-

Procedure fot In VitY'o Protein Synthesis

The incorporation of tracl -amino acids into protein

was done using an incubation mix containing (in a total

volume of 1.0 mI) 0.2 mI of'cocktail', 0'3 mI of a

ribosome preparation, 0.05 ml (2.5 pgi) each of tf Cl-leucine

and tlaCl -valine , 0.2 ml of water and 0.2 ml of inhibitor

solution (0.6 mM EDTA + 0-2 mM PMSF + 0'6 nM Mg acetate +

20 mM sodium azide).

The cocktail mixture contained (concentrations in the

incubation mix are given): 50 mM Tris-HCI, 60 mM NH4C1,

7.5 mM MgAcr, B mM 2-mercaptoethanol, I mM ATP' 20 pM GTP'

10 mM creatine phosphate, 40 Ug of creatine phosphokinase and

50 uM each of LL2cl-amino acids (except cysteine). The

pH was 7.8.

Thereactionwasbegunbyaddingtheribosome

preparation to the reaction mix and incubating at 34oc.

lmmunoprecipitation

a) Characterization of antisera

The antisera and y-globulin fractions were

prepared by a standard method. (as described by sanders'

Ig75) and characterízeð. by ouchterlony immunodiffusion

and titration exPeriments.

Both the anti-amylase and anti-protease appeared to

be specific; both gave single precipitin lines when double

immunodiffusion by the Ouchterlony method was carried out

against culture supernatants from B. amyLoLiquefaeiens.

In addition the anti-protease y-globulin gave only one
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peak when subjected to immunoelectrophoresis (Laurell'

1966) against culture supernatant.

Titres \^Iere determined by titrating a constant

amount of the y-globulins with antigen. Both protein

precipitated and the activity of the antigen (protease

or o-amylase) remaining in solution h/ere measured and

found to give coincident titre values. The y-globulins

(1 mg) raised agaínst o-amylase and protease precipitated

650 units and 33 units of enzlzme respectively.

A y-gIobulin with activity against the rabbit anti-

sera was prepared from goat serum. The goat Y-globulin
(1 rng) precipitated I pg of anti-amylase or 15 ug of

anti-protease y-globulin.

The specificity of the antibodíes was further

demonstrated by electrophoretic analysis of immuno-

precipitated proteins. Washed cells of B. amALoLíquefaeiens

r^/ere incubated for 30 minutes in VüCSM-Iow amino acids with

1 uci each of tracl -leucine and tracl 'vaLine/ml of cerr

suspension. The culture produced 30 40 units of protease/

mt and total incorporation of tl4Cl -amino acids into TCA-

precipitable material was 1O6c.p.m. /mL. The culture super-

natant (containing about 22eo of the total counts) was

subjected to immunoprecipitation with an excess of rabbit

y-g1obu1in. Of the total TCA-precipitable counts in the

supernatant, 10? were precipitated by the anti-protease

y-g1obu1in and 3.22 by the anti-amylase y-globulin.

After dissociation in SDS, the immunoprecipitates were

sub'jected to SDS gel electrophoresis (the method of Weber

and Osborn, 1969). The sliced gels \^lere solubilízed in

NCS and the total tl4Cl counts determined by scintillation
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counting. The Ilacl -laberled material was found to co-

migrate with native protease and cr-amylase respectj-vely.

In the case of the protease, several labelled, Iow

molecular weight peaks also appeared on the gels. These

appeared to be breakdown products of the protease. In

the case of the g-amylase at least, it was inferred that

the anti-amylase y-globulin specifically precipitated

a-amylase.

The same pattern was reproducible using a double

antibody technique in which a small amount of rabbit

y-g]obulin was added to the antigen, followed by an excess

of goat anti-rabbit y-globu1in. This technique, more

sensitive than the single antibody technique, is particularly

useful when only Very small amounts of antigen are present.

b) Sinq le antibodv titration Procedure

420 pg Rabbit antiProtease or

ganìma globulins \^lere added to the samples on

incubated for 20 minutes at 30oC and then at

anti-amylase

ice and

4"C overnight.

c) Washing of immunoprecipitates

The precipitate was removed by centrifugation

at 31000 x g for 10 minutes at 4oc. The pellet was washed

3 - 4 times with ice-cold 0.94 (w/v) NaCI in KPO, buffer'

pH 7.0. 60 pI of SDS buffer l2Z (w/v) SDS' 2Z (w/v)

dithiothreitol , 252 (v/v) glycerol and 0.0052 (w/v)

bromophenol blue in 10 mM NaPOn pH 7.01 and immediately

boiled for 3 - 4 minutes. A small sample of dissolved

immunoprecipitate \^Ias d.issolved in NCS-tissue solubilizer

to estimate its radioactivitY.



CHAPTER 3

DEMONSTRATION OF EXTRACELLULAR ENZYME PRODUCTION

BY PROTOPLASTS OF B AMYLOLTSUEFAC TENS
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3.A. INTRODUCTTON

On the basis of physiological experiments and inhibitor

stud.ies, a vectoriat extrusion model for the synthesis and

secretion by bacteria of extracellular proteins haS been

proposed (see chapter 1). The central feature of the model

is that these proteins are synthesized by membrane-'bound

ribosomes, and that the extended nascent peptides are

directly extruded through the cytoplasmic membrane to take

up their active confíguration outside the cell membrane.

To further test such a model, investigations of extra-

cellular protein synthesis in uitz'o were necessary. Since

the above model requires membrane-bound ribosomes, the

protein-synthesizlng activity of membrane preparations

needed to be investigated. It was decided to prepare

membranes by osmotic lysis of protoplasts, a gentle method

which produces membrane vesicles of the same orientation aS

the original protoplasmic membrane [Attendorf and staehelin

(Lg|4), Kaback (Ig72), Konings (1975), McMurchie (L977)l'

An important prerequisite for this method to be useful

was that protoplasts be capable of producing extracellular

protein. It was reported earlier (May and E11iott, 1968b)

that protoplasts of B. amuLoLiquefaeiens did not synthesize

active enzyme, although protein and RNA synthesis by the

protoplasts was essentially unimpaired'

Itwassuggestedthatthecellwallmaybeinvolved

in the production of extracellular enzymes, perhaps by

activation of a zymogen as described in streptococcus

(Liu a¡d nlliotû 1965), or by maintaining memhrane components

in the correct configuration for enzyme secretion. Another
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possibility was that the protoplasts were secreting enzyme

in an inactive form.

Itwasthereforenecessarytore-investigateextra-

cellular protein production by protoplasts of B '

amyLoLiquefaeiens. Previous work was hampered because

B. amgLoLiquefaciens secretes 'lytic factor" a surfactant

molecule which lyses protoplasts (May and Etliott, L970) '

A strain of B, amaloLiquefaciens (LF-), which did not

produce any lytic factor detectable by protoplast lysis

(May and Eltiott, Lg.-}), was obtained by sanders (1975).

TheLF-strainhadagrowthcurvesimilartothatof

the wild type; ribonuclease was produced at about the same

rate in both strains, and cl-amylase and protease \^Iere

produced at a somewhat greater rate by the mutant strain

than by the wild-tYPe strain'

3 .8. EXPERIMENTAL

3. B. 1. Enzyme svnthesis bvI vsozvme -treated cells.

In past studies in our laboratory proto-

plasts\^Ierepreparedinao.05Mpotassiumphosphatebuffer
(pH 7.0) containing 222 (w/v) sucrose' The protoplasts

\¡rere subsequentty resuspended in wcsM-low amino acids in

which casamino acids were replaced by a synthetic amino

acid mix (containing per ml of medium 0'016 mg of each of the

following L-amino acids; glycine, alanine, valine, Ieucine,

isoleucine, serine, threonine, proline, arginine' histidine'

lysine and methionine). Extracellular enzyme production by

such protoplasts was less than 52 of that by intact ce1ls'

Sincethephosphatebufferusedforpreparationof
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the protoplasts contained none of the ingredients required

to maintain the viability and activity of resuspended ce11s'

the preparation of protoplasts was attempted in media more

closely related to VICSM (the medium most commonly used in

our laboratory for the study of enzyme production by

resuspended cells).

This medium (wcsM-Iow amino acids) contains 34 mM

(NH4) 2HPO4' I mM MgSOn, 5 mM KCl, 4.25 mM sodium citrate,

0.125 mM CaCIr, O.Oi-25 mM ZnSOn, O.O25Z (w/v) Bacto Casamino

acids , LZ (w/v) maltose and trace metal solution (0.25 mL/I\ .

The medium was adjusted to pH 7.3 with H3PO4. The trace

metal solution contained 0.5 mg CoCLr-6,2A, 0'5 mg ammonium

molybdate, 5.0 mg MnClr.4 HrO and O.Ol m9 CuSOn'S H2Ò

dissolved in I litre of water. In this medium' enzyme

production by cells was maintained at a rapid rate for

several hours.

The effect of lysozyme treatment on enzyme production

was first tested on cel1s resuspended in WCSM-low amino

acids supplemented with 222 (w/v) sucrose to provide osmotic

stability for the resulting protoplasts.

The criteria used for evaluating a particular medium

\^7ef e

(i) that protoplasts were formed, âs judged' by phase-

contrast microscoPY, and

(ii) that during incubation with lysozyme' exoenzymes

continued to be made.

Figure 3.1 shows that on addition of lysozyme to

cultures, protease synthesis stopped immediately. cl-Amylase

synthesis however continued at a reduced rate, being very
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Iow but linear after conversion to protoplasts was complete'

The unusual biphasic curve Í-or o-amylase synthesis by cells

is quite characteristic (Gould, May and Elliott, L973).

This result seemed promising; although virtually no protease

was made, cr-amylase synthesis by the lysozyme-treated

cultures was about 33å of the control rate in the last 50

minutes of the exPeriment.

An important feature of bacterial ceII membranes is

that they require a substantial concentration of vgz+ for

structural- and functional integrity. Presumabty the ceIl

wall teichoic acids normally maintain a high local

concentration of. l,tg2+ and other divalent cations (Ellwood and

Tempest, Ig72). However, when working with protoplasts or

membrane preparations (which have no cerr walr), the mg2+

concentration of the medium becomes critical. The actual

concentratj-on varies somewhat depending on the organism'

Thus, Kaback (1971) used 10 mM for E. coLí spheroplasts

and the protoplasts of many other bacteríal species, and

concentrations up to 30 mM have been reported to be necessary

(wisdom and lvelker, Lg73; Scherrer and Gerhardt, L973i

Reaveley and Rogers, 1969).

rt was therefore important to increase the Mg2+

concentration in the medium used to prepared protoplasts'

wcsM-Iow amino acids is a phosphate-buffered medium and

this posed problems because of the low solubility of

magnesium PhosPhate-

To tolerate lO mM tg2* in the medium the phosphate

concentration was reduced from 34 mM to 3.8 mM and 25 mM

Tris-HCI was added to provide some buffering (PMC medium) '
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Figures 3.2 and 3.3 respectively show that the synthesis

of protease and cr-amylase in PMC medium continued after

conversion to p,rotoplasts was complete (as judged by phase

contrast microscopy). This is the first time that synthesis

of extracetlular protease by protoplasts of B. amyLoLiquefaciens

has been demonstrated.

3 .8.2. A comparison of the synthetic capacities of

Iasts and cel1s.

Cells were incubated with lysozyme as

descril¡ed above and after 60 minutes the resultant proto-

plasts were sedimented (6000 g for 7 min) and resuspended

in fresh PMC medium with no added lysozyme'

The electron micrographs (Plate 3. I) compare a typical

protoplast with an intact cell. The thin.sections show that

the protoplasts were devoid of ceIl wall and that they btere

spherical with a continuous membrane. There was no

contamination of protoplast suspensions with intact cells

(as judged, by phase contrast microscoPY), and protoplasts

showed no sign of reverting to bacillary forms even after

three hours incubation. The synthetic capacity of the

resuspended protoplasts (Figs. 3.4 and 3.5) was compared

with control cells treated identically except for exposure

to lysozyme. This data shows that the synthesis of 0,-

amylase and protease by protoplasts occured at lower rates

(452 and 252 respectively) than synthesis by cells (rig.

3.4). This reduced rate was not due to lysis or a general

metabolic effect since RNA and protein synthesis were

unaffected (rig. 3.5).
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Cells of B. amALoLiquefaciens are known to contain

anexoenzymefractionwhosereleaseisinsensitiveto
chloramphenicol (Gou1d, May and Elliott' f975) ' Because

ofthelowrateofextracellularenzymeproductionbyproto-
plastsitwasimportanttocheckthattheobservedproduction

did not represent this chloramphenicol-insensitive fraction'

Fig. 3.4 shows that the synthesis of exoenzymes by proto-

plasts was completely sensitive to chloramphenicol'

rn protoplasts, actinomycin D (2 vg/mL) inhibited

RNAsynthesisimmediately(Fig.3.6A)andthesynthesisof
protein(ni-g.3.6B)andprotease(rig.3.7B)afterl0minutes.

Thiscontrastswithintactcellswhichsynthesizedprotease

for 35 minutes after general protein synthesis had ceased

(Fiq. 3.74 and 3.68).

3.8.3. An investigati on of alte rnative methods folq

preparl-n g pro toplasts.

Attempts \¡tere made to achieve more substantial

enzyme synthesis by protoplasts by using different osmotic

stabilizers. The results summarized in Table 3'1 show that

no other method. of osmotic stabilization tried gave c,,-

amylaseproductioncomparabletothatobservedwhenSucrose

was used as the stabilizer'

Differentsaltsofsuccinateatlreducedcx,-amylase

product.ion.However,itwaspossiblethatahighconcentration

ofmonovalentcationfromthesuccinatesaltmightaffect

the incorporation of Ca2+ (essential fox activity; Windish

and Mhatre, 1965) into the cr-amylase molecule, but supple-

menting the medium wit¡ extra ca2+ only caused a fr'rrt'her

reduction of *-amylase synthesis. Lysozyme, known to be
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sensitive to salt concentrations greater than 200 mM

(spiz|zen, 19 62\ , was inhibited by 0.2L M sodium succinate

even at a lysozyme concentration of 700 vg/mL (the

standard concentration is I35 Ug/mI); few protoplasts hlere

formed in the standard incubation time of 60 minutes.

vühen glycerol was used as a stabilizer many proto-

plasts appeared to have lysed as judged by microscopy'

FinaIIy, Sucrose was tried at a range of concentrations

between 0? and 30% (w/v), but none of these gave an improved

rate of synthesis when compared with the standard medium

containing 222 (w/v) sucrose.

It \nras also of interest to see whether cells could be

converted to protoplasts more rapidty. One report (Cundliffe'

f96B) described the conversion of B. megateríum to proto-

plasts in 2 - 3 minr:tes. Such a short time has two

advantages. One ís the convenience of a short incubation

and the other i= the possibility that metaboric changes

may be minimal if protoplast formation is rapid. Cundliffe

(1968) stressed that for rapid formation of protoplasts'

cells from the exponential phase of growth should be used.

The work described in this thesis is done with cells

harvested at the end of the exponential phase of growth.

Therefore protoplasts prepared from cel1s harvested early in

the exponential growth phase were examined. The rate of

protease synthesis (about 2 uniLs/hour/mg dry weight of

protoplasts) by the exponential phase protoplasts was

about the same as for the protoplasts derived from late-

exponential phase ce1ls. In addition there was no difference

between early- and late-exponential phase cells in the rate



TABLE 3. I

EFFECT OF DIFFERENT OSMOTIC STABILTZERS ON

SYNTHESIS OF o-AMYLASE BY PROTOPLASTS.

Protoplasts were prepared in PMC medium and then

resuspended in fresh PMC containing either sucrose

(0.64 M) or another osmotic stabilizer as indicated in

the Table.

24

29

J3

Glycerol 0.64 M

0.81 M

1.20 M

35

27

1I

0.25 M Narsuccinate

. + 0.L25 mM CaCI,

+ I.0 mM CaCI,

+ 10 mM CaCL,

(r00)

28

53

55

1B

20

32

Sucrose 0.64 M

O.2I M

0.25 M

0.30 M

0.21 M

0.25 M

0.21 M

Na
2

succinate

K
2

succinate

(rris), succinate

c*-AmYlase

synthesized in 45 min

percentage of that in

(as a

sucrose)

Stabilizer

O.2I M succinate gives

glycerol or sucrose at

the same osmotic strength as either

0.64 M.
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at which ceII waIl was removed' Thus' in this study the

onlyvariab]-ewhichwasconsistentlyfoundtoaffectthe
rate of cell- wall removal was a high Salt concentration

(which had an inhibitory effect) ' The use of lower con-

centrations of N.*, reported to stimulate lysozyme (Hughes'

Vlimpenny and Ltoyd, l-,97L) had no effect in this system'

obviously,varyingt'heincubationtemperaturewouldaffect
the rate of ce1I wall removal, but this was not examined

since all other cel1ular activity would also be expected

to vary with temPerature.

3.8. 4 . Investigation of the requirement for various

ents of the PMC medium for enzyme synthesiscompon

by pro toplasts.

The PMC medium is a complex medium of the

following composition; 25 mM Tris-Hcl, 10 mM MgSO*, 4'25 mM

sodium citrate, 3.8 mM (NH4) 2HPo4, L% @/v'l maltose ' o'0252

(w/v) casamino acids, trace metals and combined salts

(defined in Chapter 2) and 222 (w/v) sucrose' In these

experiments the composition of the media \^las the same for

both preparation and resuspension of protoplasts' Fig' 3'8

shows that protease synthesis r,,las independent of the

presence of maltose, phosphate and citrate in the medium'

omitting the first two gave a slight stimulation of protease

synthesis. In the absence of citrate (which chelates vtg2+) '

l0 mM Mg2+ was found. to inhibit lysozyme. For that reason

,L

the ltgz+ concentration of media lacking citrate was reduced

to 5 mM. Independent experiments (sanders, L975) verified
)+ 

.'r
that 5 niM Mgl+ tts equivalent to 10 mM Mg'' plus 4 ' 25 mM

citrate in stabilizj-ng protoplasts, and that protease
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synthesis \^ras maíntained (rig. 3-B).

In alt subsequent experiments maltose, citrate and

phosphate \^rere omitted (p¡41 medium) except where otherwise

indicated.

In contrast to the above Tris-HCI was found to be

necessary for protease synthesis. Varying the Tris concentration

between 0 and 50 mM showed that 25 mM, the concentration

originalty chosen v/as optimum (¡liq. 3.9). The pattern of

results described for the protease \^las found to be similar

for ü-amylase, except that ol-amylase showed less than 30å

reduction in rate as the Tris concentration was varied from

25 mM (over the range 0 - 50 mM) -

3.8.5. Effect of amino acid concentration on exoenzvme

production.

Protease production bY cells of B '

amyLoLíquefaeiens is known to be repressed by high

concentrations of amino acids (May and Elliott, 1968a) '

protease synthesis by protoplasts surprisingly' was found to

show a different response to changes in amino acid

concentration. Fig. 3.104 shows that as the amino acid'

concentration of the medium \^Ias increased from 0.025% (w/v)

(the optimum amino acid concentration for protease

production by cells) up to 0.15% (w/v), that the rate of

protease production increased by about L202. cr-ArnYlase

production (Fig. 3.108) increased to about the same extent,

being maximum at an amino acid concentration of 0.30% fu/v) '

The higher rate of protease production in the presence

of 0.33 (w/v) casamino acids was maintainerl f ot at least

2 hours (see rig. 4.7) .
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DISCUSSION

This work demonstrated for the first time that proto-

plasts of B. amyLoLiquefaciens are capable of synthesizíng

and secreting both protease and g-amy1ase. Enzyme secretion

by protoplasts has been reported for several organisms:

the alkaline phosphatase of Eseherichia coLi (Schlesinger,

I96B) and M|cy,oeoecus sodonensis (clew and lleath, L97I);

the penicillinase of staphyLococcus a.u?eus (coles and

Gross , Lg/3) anð. BaciLLus Líchenifoz'mis (Sargent, Ghosh and

Lampen, 1969) and the protease and c*-amylase of BaeíLLus

cald.oLyticus (Lauwers and Heinen, L973) '

The complete absence of ceII wall on the protoplasts

(as observed in thin sections) shows that this structure

is not obligatorily involved in enzyme secretion, unlike

the situation in a streptococcus strain (Liu and Elliott'

1965) where the activation of a protease zymogen is dependent

on ceII wall.

It was found that the rate of synthesis of extra-

cellular enzymes by protoplasts was about one quarter of

that by ceIls. This was surprising since both RNA and general

protein synthesis (as measured by the incorporation of

tracluracil and tlaclphenylaranine respectivery into TcA-

precipitable material) was the same for protoplasts as

for cells. Extracellular enzyme synthesis by celIs is

typically about 5% of total protein synthesis (Mclnnes'

1973). It is possible that in the absence of cell-wal1'

protoplasts secrete enzymes that are only partly active.

ThaL is, the ceII wall may havc a role in post-trans-

lational processing of the exoenzymes. However, subsequent
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\^lork by Sanders (1975) in this laboratory showed that

protoplasts Secreted enzymes that co-electrophorese with

those made by intact cells and cross-react with antibodies

raised to enzyme purified from ceII culture supernatants'

To rigorously exclude the possibility of different forms

of the enzyme would require comparative studies on purified

enzymes from both cells and protoplasts. This has not

been attempted because the low rate of exoenzyme synthesis

by protoptasts is not conducive to purifying the enzymes

in sufficient yields for further analysis.

It is interesting to speculate that the reduced rate

of enzyme synthesis by protoplasts results from the gross

morphological changes which occur when the cells are

stripped of their rigid wall. In particular any changes

to the structure or organisation of the membrane as a

result of cell-wall removal could affect transport of

molecules across the membrane. Another possibility to

be dealt with later in chapter 4 is that external

proteolytic activity may inhibit secretion of active

enzyme molecules.

The immediate inhibition by chloramphenicol of

enzyme production by protoplasts showed that this

represenLed. d.e nouo synthesis of the enzymes and not the

release of pre-formed enzyme. This immediate inhibition

is in marked contrast to the situation in cells, which

release enzyme for 15 minutes or more after the addition

of chloramphenicol (Gould, MaY and Elliott, 1975) ' It

r^Ias proposed by Gould eú aL. (1975) that enzyme molecules

emerging from the ce11 membrane are temporarily restricted



39.

by the cell wall so that a smalI pool of active enzyme

accumulates beneath the cell waII. The complete lack of

such a pool of pre-formed enzlrme in the protoplasts (which

are devoid of all cell waII) gives strong support for this

model.

The initiat rate of extracellular enzyme synthesis

by lysozyme-treated cel1s may represent the normal

synthesis rate of cells. It seems ]ike1y however, that the

Iarge amount of enzyme made during the first 30 minutes

is due to the release of pre-formed enzyme' This conclusion

is supported by the observation that in the presence of

lysozyme and chloramphenicol the release of enzyme occurs

for about 30 minutes and then stops completely (data not

shown) .

The rate of secretion by protoplasts was about one

quarter of that for cells, âs mentioned above' This

\ÀTas the maximum rate achieved after optimizing the

concentration of various components of the incubation

medium. Increasing the casamino acid concentration from

0.025s" (vt/v) to 0.33 (w/v) approximately d.oubled the rate

of synthesis of protease and o¿-amylase. The rate of

synthesis of both enzymes u¡as also increased by the omission

of maltose, citrate and phosphate. The nett effect was a

2 - 3 fold stimulation of protease synthesis and about a

4 fold stimulation of u-amylase synthesis. Maltose and

phosphate \^rere presumably not essential because the proto-

plasts are non-dividing. Sodium citrate was originally

used in culture medium to chelate tt'tg2+ thus preventing

the formation of insoluble phosphate salts. In the absence



40.

of high phosphate concentrations, the citrate also became

unnecessary.

The amino acid stimulation of protease production by

protoplasts was particularly surprising, because high

concentrations of amino acids markedly repress the synthesis

of protease by cells (May and Elliott, 1968a). This

apparent anomaly appears to result from the presence of

the high concentration of sucrose l22Z (w/v) I in the

medium. cells resuspended in wcsM medium have their

synthesis of protease repressed by high concentrations

of amino acids t0.Sz (w/v) I as described in Chapter 5'

However if the medium is supplemented with 222 M/v) sucrose,

then over a 2 hour period, there is a 2-f.oLd' increase in

protein synthesis (data not shown) when the amino acid

concentration is increased from o.o25z (w/v) to 0.3? (w/v)'

The reason for this curious behaviour is not apparent.

The response of cl-amylase synthesis to amino acid con-

centration was predictable; aS fot cells the rate increased

somewhat as the amino acid concentration increased. The

factors regulating cx-amylase synthesis are complex (May'

L}TO) and no explanation is available for this amino acid

effect.
In summary, protoplasts have been prepared which are

stable for up to 3 hours, and for the first time the de

no\o synthesis of both o-amylase and protease by proto-

plasts has been achieved.



CHAPTER 4

SECRETION OF O¿-AMYLAS E BY PROTOPLASTS UNDER

CONDITIONS OF MINIMAL PROTEASE ACTIVITY.
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A4 INTRODUCTTON

The ultimate aim of this project was to determine

whether extracellular proteinS are synthesized on poly-

somes localized near the membrane or on free polysomes

inthecytoplasm.AsnotedinthepreviousChapter'the

use of protoptasts seemed desirable since they can be

quickly disrupted and the membranes rapidly collected'

Thefirstgoal,thatofobtainingsynthesisofextra-

ceIlular enz)zmes by protoplasts was achieved by work

d,escribed in the previous Chapter'

The work in this Chapter had another goal which was

considered a necessary preliminary to the overall aim of

the project. To determine the location of polysomes

carrying nascent extracellular enzymes ' it \¡las necessary

to lyse the protoplasts' Thus, the nascent peptides

would be very susceptible to proteases' This point is

emphasized by the demonstration (sanders and May, L975)

that proteases (includirLg B' amALoLiquefaciens extra-

cellularprotease)totallyinhibitedexoenzlrmesynthesis

by protoplasts. This effect is presumed to be due to the

hydrolysis of extracellular polypeptid,e chains emergj-ng

from the protoplast. It was clearly desirable to have a

system in which protoplasts produced ot-amylase but not

proteases so that the subsequent search for nascent peptides

wouldnotbecomplicatedbythepresenceofsuchdestructive

enzymes.

B. amyLoLiquefaciens, in fact produces at

proteases, a neutral protcase (EDTA-sensit-ive)

protease Isensitive to serine inhibitors such

least two

and a serine

as phenYl-
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methyl sulphonyt fluoride (Carey, L966) I . This situation

is similar to that described for B. subtiLis by Millet

(1970). The task of removing these proteases \^¡as not a

simple one; EDTA which effectively inhibits the neutral

protease arso chelates the Mg2+ required for in oitt'o

studies of polysoÍlês ¿'

This chapter describes attempts to find conditions

under which c)¿*amylase production by protoplasts was

maximal but prot.ease activity was minimal. This was

approached in two waYS:

Firstly, the salt requirements for the synthesis of

protease and ot-amylase was investigated; and,

secondly, the use of protease inhibitors was studied.

RESULTS

4.8.1. The effect of Mc{
2* on protease synthesis-

The work in the previous Chapter suggested

that protease synthesis by protoplasts (and lysozyme-

treated cells) is dependent on a high *g2* concentration'

The synthesis of both cr-amylase and protease by lysozyme-

treated cells was achieved by changing from WCSM medium

(containing 222 (w/v) sucrose) to PMC medium. The sign-

ificant difference appeared to be the increase in tt'tg2+

concentration from 1 mM to 5 mM (or 10 mM in the presence

of citrate). To confirm that the increase in protease

production hras due to the increased Mg2+ concentration,

protoplasts were prepared in PMT medium containing 5 mM

1L
Mg'* and then resuspended in medium containing either 1 mM

1L
or 5 mM Mgo' .

B4
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Active protease was synthesized' by protoplasts in

the presence of 5 mM Mg2*, but not I mM l'tg2*' although
1L

cr-amylase production was unimpaired in the lower Mgo'

concentration (rig. 4.1). rncreasing the Mg2+ concen-

trationbeyond5mMhadnoadditionaleffectonprotease

synthesis (data not shown) '

4 "8.2. An investiqation of the requi rement of salts

and trace metals for exoen S thesis.

The protoplast medium used' in the work

described so far contained 'trace metals and combined

salts', a mixture empirically devised for optimum growth

of cul-tures of B. amgLoLiquefaciens' The medium contains

KCI (5 mM), CaCL, (0.125 mM) r znSon (O'0f25 mM) and the

followingsaltsCoCLr.6H2Atammoniummolybdate'MnCIr'4H20

and CuSO q.5HZ0 in trace amounts'

Because the neutral protease is known to contain cu2+

and Zn2*, the salts of these metals \^Iere omitted from the

incubation media to see what effect they have on the

production of protease by cells and protoplasts'

Therequirementsfortheothersaltsforenzymepro-

duction was determined by omitting different components

ofthetracemetalsandcombinedsaltsfromboththemedia

used for preparation and resuspension of protoplasts'

Fig. 4.2 shows that in the absence of the trace metals and

combinedsalts'Verylittleproteasewasmadebyproto-
plastsralthougho,-amylasesynthesis\^tascomparatively

unaffected.Theadditionofonlythetracemetals(cocLrr

ammonium molybdate, MnCl, CuSOn) did not stimulate

protease production but it was restored to the control
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rate by the addition of the combined salts (znson' KCl and

caclr). when protoplasts were incubated with each of

these salts in turn it was found that protease synthesis

\^ras stimulated by ZnSOn but not by CaCL, or KCl (Fig' 4'3)'

Enzlrme production in the presence of znson showed a curious

time course; after a 15 minute 1ag enzyme production

commenced at about 60 7oz of the control rate. It

was apparent that, to achieve control rates of protease

synthesis, KcI and./or cacL, needed to be added with the

znsön to the protoplast suspensions. It was found (rig.

4.4) that znson (0.0125 mM) in combination with KCI (5 mM)

gave the maximal rate of synthesis, but the combination

of CaCI, with ZnSOn was the same as ZnSOn alone' It was

also f ound that adding znso n and KCl at cl,ouble the concen*

trations had no additional effect; in fact concentrations

of KCI greater than 30 mM were found to be inhibitory to

the synthesis of protease, o-amylase and total proteins'

NH4CI gave the same pattern of results as KCl (data not

shown) .

The concentration of ZnSOn and KCt required to

maintain protease production \^Ias low, particularly for

the Znson (0.0125 mM)" This was dramatically illustrated

by preparing protoplasts in the presence of KCI and

znson; when these were resuspended the rate of synthesis

ofproteaseintheabsenceofKClandZnSonwasexactly

the same as in the presence of these salts (Fig. 4.5).

The dependence on KCI and znson \^¡as seen only when the

protoplasts were prepared in the absence of these salts.

presumably protease production was maintained in the
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former case by carry-over of salts from the protoplast

preparation medium. consistent with this interpretation

is the observation that, after pre-incubation with KCI

and ZnSOn in the presence of 4'25 mM sodium citrate'

subsequent protease production (in the presence of citrate)

\^/as again dependent on the presence of ZnSOn and KC1 (data

notshown).Presumablythecitratechelatesanymetal

ions that might be carried over after resuspension'

It was possible to recover protease productíon by

protoplasts, prepared in the absence of ZnSOn and KCI

by adding back these salts to the protoplast suspensions'

In one such experiment (Fig. 4.6) the addition of znson

andKCltoprotoplasts15minutesafterresuspension
caused an immediate resumption of enzyme production at

a rate comparable to the control (protoplasts prepared and

resuspended in medium containing Znson and KCI). The

Figurea]-soshowsthatwhenprotoplastsincubatedinthe

absence of ZnSon and KCI \^/ere centrifuged and the salts

added to the culture supernatants, ho pretease activity

\Àras recovered. Thus the salt effect was not simply an

enzyme activation effect-

Itwasofinteresttodeterminewhetherthecells

showedtheSamesaltrequirementastheprotoplasts

for protease production. Cells \^7ere incubated for 60

minutes (no lysozyme added) in either PM med'ium or PI)'LZ

medium (ptvLmedium containing KC1 and ZnSOn) ' The cells

were then suspended in fresh media of the same composition

and protease production compared. No difference in enzyme

production was observed for the two suspensions (data not
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shown) .

Ïnanotherexperiment,aflaskofculturemedium

lacking Znson was inoculated with a loopful of spores of

B.amyLoLiquefaciensandtheenzymeproducedafter20

hours in culture (end of exponential growth phase) was

determined. The amount of enzlzme produced (367 units'/mI)

was about the same as the enzyme produced by a control

culture, containing 0.0125 mM ZnSOn (310 units,/mI) .

4.8.3 ExtracelIuIar enzvme produc tion bv protoplasts

durinq lonq-term incubations.

A medium containing 25 mM Tris' 5 mM KCl'

5 mM MgSO*, 0.32 (w/v) casamino acids, 0'0125 mM ZnSon

and 222 (w/v) sucrose (pl,lz medium) has been shown to

give a rapid rate of synthesis of protease and cr-amylase

by the protoplasts. Fig. 4.7 shows that protease

synthesis continues linearly for about 2 - 2 L/2 hours'

but cr-amylase synthesis is linear for less than one hour'

Total protein synthesis (measured by the incorporation of

llaclphenylaranine into TCA-precipitable materiar was

also found to continue for about 2 I/2 hours at which

time it declined rapidly (data not shown) ' At the end

of this period the suspensions showed signs of extensive

lysis as judged by phase contrast microscopy' The

cessation of enzyme production was not prevented by the

inclusion of phosphate (3-8 mM) or a complete 'trace

metals and combined salts' mix in the medium (rig. 4.7'.).

Protease production in PMZ medium containing 0'0252 (w/v)

casamino acids was at a lower rate, but continued linearly

for at least 3 hours. It was been shown (May and Elliott'
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1968b) that glutamic acid, and to a lesser extent

glutamine, aspartic acid and asparagine cause lysis of-

protoplasts. However incubation of protoplasts in a

medium containing lower amounts of these amino acids

gave no protection against lysis and gave a lower rate

of synthesis of enzymes compared with protoplasts in PMZ

medium (data not shown) . The premature decline of cx-

amylase synthesis in these conditions is not understood.

The use of inhibitors to reduce protease

activity in protoplast susPensions.

The need to obtain protoplast suspensions

free of protease has atready been emphasized. The above

data has shown that in PMZ medium both o-amylase and

protease were synthesized at a rapid rate; but when ZnSOn

r,.ras omitted protease synthesis by the protoplasts was

reduced by about 902 (this medium will be referred to as

Ptr{A medium). Although protease synthesis was greatly

reduced, the carry-over of pre-formed protease and the

continuing synthesis of protease at a low rate was still

a concern. The use of inhibitors to prevent the appearance

of protease activity in protoplast suspensions \^/aS there-

fore investigated. Tab1e 4.L summarizes the effects of

various inhibitors. Of the total protease activity about

901à was the neutral protease (sensitive to EDTA and 1110-

phenanthroline) and the remainder was the serine protease

(PMSF sensitive). Adding both EDTA and PMSF gave complete

inhibition of protease activitY.

Fig. 4.8 shows the time course of inactivation of

protease activity by the chelators. SDS gel electro-



TABLE 4.L

EFFECTS OF VARTOUS TNHTBTTORS ON PROTEASE ACTIVÏTY.

(100)

I1

1l

8B

0

101

100

80.2

8.5

8.8

70.9

0.0

81. 0

80.0

Control

+ EDTA (5 mM)

+ O-PHEN (5 mM)

+ PMSF (1 mM)

+ EDTA + PMSF

+ TLCK (40 vg/ml)

+ rPcK (40 pg/mL)

Percent ActivitY
remain j-ng

Activity
(Units )

Treatment

supernatant from 25 hour cultures was diluted L/Lo

in 25 mM Tris-HCl, pH 7.3. Aliquots of the diluted

supernatant were incubated with inhibitors f'or 70 min/35oc

and then assayed in duplicate for protease activity

using the casein assay. The results tabulated are the

means of the duPlicate values.

PMSF is Phenylmethyl sulphonyl fluoride

TLCK is l-chloro-3-tosylamido-7-amino-2-heptanone HCl

TpcK is L-I-tosylamido-2-phenylethytchloromethyl ketone

O-PHEN is 1,I0-Phenanthroline.
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phoresis analysis of pure metallo-protease by the method

of weber and osborn (1969) showed that EDTA treatment

caused rapid auto-digestion producing low molecular

weight fragments. The inhibitors TLCK and TPCK, which

are specific for trypsin and chymotrypsin, had no effect

on the proteases of B. amaLoLtquefaciens (table 4.L).

It was important that the chelators and PMSF be

specific for the proteases, leaving o,-amylase synthesis

and activity unaffected. Fig. 4.9 shows that only EDTA

had any effect on 0-amylase activity. At 5 mM' EDTA gave

about L2Z inhibition and, ât 2.5 mM (data not shown), the

inhibition \^Ias about 5"ø.

TreaÈment with protease inhibitors was begun during

protoplast preparation. Firstly, cx-amylase synthesis by

lysozyme-treated cells was investigated. Fig. 4.I0 shows

that the chelators EDTA (f0 mM) and 1,lO-phenanthroline

(5 mM) inhibited cl-amylase completely within 30 minutes'

1,lQ-phenanthroline also inhibited at 2 mM and to a lesser

extent at 1 mM. EDTA had been used at 10 mM to allow for
)J-

the 5 mM Mg"* in the medium (this \^7asn't necessary for the

1, ro-phenanthroline which has a low af f inity for l'tg2+) .

In contrast to the chelators, PMSF (3 mM) had no effect

on cx-amylase production. After 75 minutes incubation in

the presence of EDTA, the protoplasts appeared to have

mostly lysed (as judged by phase contrast microscopy).

No tysis was observed in the presence of PMSF or I'10-

phenanthroline.

To overcome the problem of lysis in the presence of
tL

EDTA , Mg"- in the PMA medium \^ras replaced with 7 ' 5 mM
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PRODUCTION BY LYSOZYME_TREATED CELLS
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spermidine, which can't be chelated by EDTA. Although

the protoplasts prepared in the presence of spermidine

and EDTA $/ere stable after resuspension in the absence

of EDTA, they gave an unsatisfactory rate of o-amylase

synthesis, only 262 of the rate of untreated protoplasts

(Fig. 4.11). It was found that washed cells incubated

with lysozyme, like protoplasts, synthesize protease at

a low rate in the absence of ZnSOn (rig. 4'L2) '

All the data presented in this chapter has shown

the increase in enzyme production above zeto time levels

of enzyme (taken as zero units). Fig. 4.I3 shows that

there was preformed protease and o-amylase after re-

suspension of washed cel]s. In the case of the protease'

the preformed enzyme \^7as a substantial proportion (about

50%) of the total enzyme present in cultures after 75

minutes incubation with lysozyme. To reduce this

activity cells were washed two times with 25 mM Tris HCl

pH 7.3 containing I0 mM EDTA and 0.5 mM PMSF. The washed

celIs hlere resuspended in a fresh portion of the same

buffer and incubated for 30 minutes at 30oC. They vtere

then resuspended in zínc-free medium (PMA) with lysozyme

and extracellular enzyme production \^¡aS measured (Fig'

4.13). Thís treatment completely inhibited protease

production and reduced the leve1 of preformed protease by

about 30å. samples of total cell suspensions (after 75

minutes incubation) gave the same protease activity as

the crrlture supernatants. Thus all the protease was

apparcntly soluble, rather than associat-ed with the exterior

of the cell. Fig. 4.138 shows that cx,-amylase production
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PRODUCTION BY PROTOPLASTS

washed cells were incubated with lysozyme in PMA medium
containing 7.5 mM spermidine instead of Mg2+ :

O-O with 10 mM EDTA
O-O without 10 mM EDTA
'After 60 mins incubation, protoplasts were resuspended in

fresh pMA medium (containing spermidine) and enzyme production
determined in the absence of inhibitors.
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hras essentially unaffected although the level of preformed

enzyme h/as reduced markedlY.

The above method was modified, by increasing the

concentrations of EDTA to 20 mM and PMSF to 5 mM, and

by having PMSF present during the preparation and

subsequent incubation of the protoplasts. Tab1e 4 -2

summarises the effect on protease activity during the

treatment, which was carried out as follows:

Cells (12 ml) were washed once in 12 mI of 25 mM

Tris and 20 mM EDTA at pH 7.3 (TE buffer) . The washed

cells r¡¡ere then centrifuged and resuspended in another

12 ml of TE buffer and incubated for 30 minutes at 30oC.

To an aliquot of this suspension r,rlas added 50 Pg/ml

chloramphenicol (to stop further protein synthesis) and

the protease activity of the whole sample was determined

(step A in Table 4.2) . The rest of the cel1 suspension

was centrifuged, resuspended in 12 mls of PMA with L34 Pg/mI

of lysozyme and 5 mM PMSF, and incubated for 65 minutes.

At this time, when conversion of cells to protoplasts

\^ras complete a sample was taken and (after the addition

of chloramphenicol) was assayed for protease activity

(Step e). The protoplasts \^7ere centrifuged, resuspended

in PMA (12 ml) with 5 mM PMSF and incubated for 25 minutes.

Figure 4.I4 shows that cl-amylase production by the

resuspended protoplasts was essentially unaffected, although

there is some reduction in preformed enzyme-

Samples \^Iere taken for protease assays after zero

and 25 minrttes of ineubation (step c in Table 4.2). After

25 minutes incubation the protoplasts were centrifuged and



TABLE 4.2

RBDUCTION OF PROTEASE ACTIVITY IN PROTOPLASTS SUSPENSION

1.30.r7

D Protoptasts were centrifuged

and lysed by the addition of

5 MI Of TNM + 5 MM PMSF

5.3

8.6

*+L0

!u25

0.44

0 .49

c Protoplasts (from B) were

incubated for 25 minutes after

resuspension in Pl4A + 5 mM

PMSF

46 .81.0

B Ce11s \^¡ere incubated in PMA

medium with lysozyme and

5 mM PMSF

ìzo7.4

A Cells were washed once in TE

buffer and incubated in TE

buffer for 30 minutes

ControlExperi-
mental

Step Treatment Remaining Protease
(Units )

Experimental details

The volume of suspensions

BY INHIBITOR TREATMENT.

are described

in A, B, C was

in the text.

12 ml.

t0, and t25 are resPectivelY

resuspension. Control cells

but in buffers containing no

0 and 25 minutes after
\^rere treated as above

*

protease inhibitors.
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thenlysedin5mlofTNMbuffer(25mMTrisHcl+7.5
mM MgSOn + 30 mM NH4C1, PH 7.3) containing 5 mM PMSF'

A sample of the lysate was taken (as described above)

to be assayed for protease activity (Step D) ' Control

cul-tures \^7ere treated identically, except that all

buffers were without the inhibitors '

The results in Table 4 '2 show that the overall

treatment Ieads to an 87% reduction (compared with the

control) of protease activity. This difference between

control and treated cells is seen at each step, although

attheendofstepsBandCthedifferenceisgreater
(98?and94%reductionrespectively).Thedifferencein

activity measurements from zero to 25 minutes in step c

is not significant, but rather reflects the variation of

the assay method.

DISCUSSION

Theunusualsaltrequirementforproteasesynthesis

by protoplasts (which is quite distinct from the require-

ment for o-amylase synthesis) has not been previously

described.ProtoplastsofB.amyloLiquefaeiensrequired
ZnSOn (:0. oI25 mM) and KCI or NH4CI (<5 mM) to obtain the

maximum rate of synthesis of protease. cr-Amylase' by

contrast, showed almost no requirement at all for these

sa1ts.

IntheabsenceofZnSonproteasesynthesiswasonly

102 of control rates. It seems likely that the residual

, r : --r .: ^ rt^n cnrinrr nr.nteaSe a_nCl that- theenzyme syflEllesIZcLl -LÞ L-L¡ç Èe! ¿¡¡v

zinc-dependent fraction is the neutral protease" This

' '(i ).

::)

.,...i'. )'
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could be confirmed with inhibitors, since the enzyme

synthesized in the absence of znson is expected to be

insensitive to EDTA but totally sensitive to PMSF.

When ZnSOn was added, in the absence of KCl,

resuspended protoplasts gave near maximal rate of

synthesis after a delay of 15 minutes. This delay was

surprising since znson was also present during the pre-

paration of the protoplasts. This may be explained by

the affinity of cell wal1s for divalent cations'

including Mg2+ and zn2* (Erlwood and' Tempest, Ig72) '

Because the Zn2I *us present at such a very low concen-

tration (0"0125 mM) during preparation of the protoplasts

it was likety that the zn2r *a" arr sequestered by the

ceIl wall digest, thus establishing a zínc requirement

for the resuspended protoplasts. The high affinity of

zn2+ for cell wall teichoic acids might also account

for the apparent lack of the Zn2+ requirement for protease

production by ce1ls. since the zj-r'c requirement may in

fact be considerably less than 0.0125 mM (this was not

tested) and because no attempts were made to rigorously

exclude zínc contamination in the 'z|nc-ftee medium' , it

is not possible to rule out the zinc requirement for cells'

The zinc requirement for activity of protease

suggested that protoplasts may secrete protease in an

inactive form in the absence of zn2*, but after incubations

in zinc-free medium it was not possible to recover activity

from the protoplast supernatants. This ilâY, however'

result from digestion of the zinc-free enzyme by pre-

formed proteases. This postulate might be tested by pre-
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treating protoplasts with protease inhibitors, incubating

in zinc-free medium and then looking for the recovery of

enzyme activity from the protoplast supernatants.

Another approach would be to incubate protoplasts in zínc^

free medium and to test for the production of material

that cross-reacts with anti-protease serum. Even íf some

proteolytic cleavage of the enzyme occurred it should

stíll be possible to precipitate the peptides.

zn2* and ca2* are reported to be involved in both the

structure and function of o-amylase (Vallee, Stein,

Sumerwell, and Fischer, 1959) and protease (McConn, Tsuru

and Yasunobu, Lg64; Tsuru, Kira, Yamamoto and Fukumoto,

1966; Matthews, weaver and Kester, 1974) of bacilli. It

r¡,ras therefore surprising that cr-amylase synthesis was not

affected by the omission of the ca2+ and zn2*, and that

protease synthesis was not affected by the omission of
tr

Ca"-. The answer again may be that divalent cations \^Iere

not rigorously eliminated from the meclium. That is, trace

amounts of these cations may be enough to maintain the

production of active cl-amYlase.

Protease production by protoplasts was also greatly

affected by the tg2* concentration of the medium. rn

medium containing r mM Mg2* the rate of synthesis of

active protease was only about 5z of the control (con-
2+taining 5 mM Mg- ) although cr,-amylase synthesis was

unaffected. Although little active protease was made,

sanders and May (1975) demonstrated that a protein is

produced in the presence of 1 mM Mg2+ that cross-reacts

with antibody to pure protease. The simplest explanation
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'>Lof the Mgz+ effect on protease production is that the
t-L

Mg'* is needed to prevent inactivation of the protease

molecules during secretion, but is not needed in such a

high concentration Í-or o-amylase. This was supported

by the finding that the l,tg2+ prevented inactivation of

purified protease incubated at 30oc (sanders and May'

197s).

In addition to its effect on protease activity and

synthesis, Mg2* appears to alter the properties of the

protoplast membrane. protoplasts in 5 mM tg2* are stable

and centrifuge easily, whereas in 1 mM Mg2* they are more

susceptible to lysis and centrifuge with difficulty. For

the study of secretion it was preferred to use protoplasts

which had membranes behaving in a more normal manner.

Therefore, despite the ability of protoplasts to synthesize

cr,-amylase (but not protease) in the presence of I mM Mg2* ,

the medium with 5 mM *g2* was preferred in this study.

The effect of ommitting zn2+ and K+, ot reducing the

Mg2* concentration was specific for protease (cl-amyrase

and general protein synthesis h/ere not affected) and

appeared only during or after lysozyme treatment of ce1Is.

That is, intact cells synthesized protease regardless of

the cation concentrations in the medium, but aS soon aS

the cell-s u/ere treated with lysozyme, protease synthesis

became dependent on the presence of 0.0125 mM ZnSOn' 5 mM

KCl and 5 mM Mg2+. It is not clear why protoplasts

prepared in the presence of zinc did not show a zínc

dependency after resuspension in zj.nc-f.tee medium' even

though protease synthesis d.uring the preparation of proto-
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plasts r^ras dependent on zínc. Even less clear is the

mechanism by which KCI influences protease production.

On its own the KCI had no effect, but it was a necessary

addition arong with the zn2+ to give maximum rates of

protease synthesis.

The above work has demonstrated that by the mani-

pulation of salt concentrations it was possible to achieve

condi-tions where very little active protease was synthesized.

Hohrever, even this small amount of protease' together with

more than one unit of preformed protease per mI of cell

suspension, \^¡as a potential problem in cell lysate studies.

This enzyme activity was considerably reduced by the use

of inhibitors, in particular EDTA and PMSF'

EDTA (5 mM) and PMSF (S5 mM) together completely

inhibited protease activity in the supernatants of protease-

producing protoplasts, but had little effect on cx-amylase

activity (in the supernatants). This resistance to EDTA

indicates that the ca2+ and 2n24, essential for the

activity and structural integrity of o-amylase' are very

tight.Iy bound.

vühen lysozyme-treated ce1ls were incubated. with

chelators cl-amylase synthesis rapidty stopped' This

presumably reflects the need of the nascent cr-amylase

to bind the divalent cations to achieve its native

structure. This postulate is supported by the observation

that EDTA treatment of protoplasts, in the presence of

spermidine, also inhibited o-amylase synthesis by 742

even though the protoplasts \^/ere stabilized '
The chelators had shown a marked effect on the
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synthesis of active q-amylase by protoplasts' and a

tendency to lyse the protoplasts (particularly EDTA).

Therefore as an alternative to incubating protoplasts

with chelators, cells were pretreated with the chelators

before the study of cr-amylase synthesis by protoplasts.

PMSF treatment on the other hand could be continuous,

since it had no effect on cr-amylase synthesis or the

stability of the protoplasts.

Pre-treatment of cetls with EDTA was an effective

way of reducing the preformed protease that was present

when cells were being converted to protoplasts. After

2 washes with 10 mM EDTA and 0.5 mM PMSF, and a 30 minute

incubation with the inhibitors, ce]Is resuspend.ed in zinc-

free medium with lysozyme synthesized no protease' rt

\^ras puz zl-ing, however that pref ormed enzyme was reduced by

only 30i3, since the concentrations of inhibitors used were

sufficient to completely inhibit soluble enzyme.

The possibility that an association with the ce11

las described for B. subtíLis by Millet (1970)l protected

the proteases from the inhibitors seems unlikely, since

all the activity measured was in the cult.ure supernatant.

The importance of obtaining protoplast suspensions

free of protease activity was stressed in the introduction

of this Chapter. This aim was achieved with reasonable

success using a more rigorous variant of the method above.

Cells were washed once in a Tris buffer containing 20 mM

EDTA and then incubated for 30 minutes in a fresh portion

of the same buffer. This treatment gave an almost 902

reduction of protease activityr âs would be expected if
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all the neutral protease was removed. The EDTA-washed

ceIls hrere then incubated with lysozyme and 5 mM PMSF

in PMA medium. Protease activity was now only t3? of

that after the EDTA-treatment and just 2z of the activity

in control suspension (incubated without inhibitors) '

After resuspension of the protoplasts in fresh PI4A medium

with 5 mM PMSF the protease activity was halved and during

the subsequent 25 minute incubation did not increase

significantly. After Iysis of the protoplasts in a buffer

containing 5 mM PMSF the residual protease activity was

further reduced by 65s". Compared to the control cells

immediately prior to conversion of cells to protoplasts'

this represented an overall reduction of protease activity

by >992.

Itisnotclearwhythereshouldbeanyactivepro-

tease remaining after this extensive treatment, particularly

when the EDTA and PMSF completety inhibit soluble enzyme'

In the absence of EDTA there may be some synthesis of

neutral protease because the medium and buffers are not

completely free of zn2t -

while the above treatment allowed an almost complete

inhibition of protease activity, protoplast suspensions

\^/ere quite stable and synthesized o-amylase at normal

rates (at least for one hour).

A situation has been achieved where lysates could be

derived from protoplasts that \^7ere synthesizing cl-amylase'

but were comparatively free of protease activity. Pre-

Iiminaryexperimentshavebeendonewithsuchlysatesin

an attempt to localize the site of synthesis of extra-
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cellular enzymes (in particular, cr-amylase). The results

of these preliminary experiments are described in Appendix

A.

It should be noted that the chelator 1'10-phen-

anthroline was potentiatly more useful than EDTA for

these studies. The former had less effect on oú-amylase

activity and has a lower affinity for t4g2+ (important in

membranes and ribosomes) than EDTA. However, time was

not available to further study the use of I'lO-phen-

anthroline.

An implication of the work of Sanders and May (1975)

was that the reduced rate of exoenzyme synthesis by

protoptasts compared with intact cel1s might be the result

of degradation of newly formed enzyme by preformed proteases

lpossibly cell-bound as in B. subtiLis (Millet, L97 0) I .

This suggestion now seems unlikety since, in conditions

where protease activity was very low, there was no

increase of a-amylase production. Thus the reduced rate

of exoenzyme production of protoplasts (compared with

cells) still remains unexplained.



CHAPTER 5

THE ACCUMULATION OF MESSENGER RTBONUCLEIC ACID

SPECIFIC FOR EXTRACELLULAR ENZYMES IN BACTERIA
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INTRODUCTION

. B. amaLoLiquefaciens cells harvested late in the

logarithmic phase of growth are capable of the de nouo

synthesis of extracellular protease for periods of

approx. 60 80 minutes in the presence of rifampicin or

actinomycin (BoLh et aL. , Ig72) . At the levels of anti-

biotics used, RNA synthesis was immediately inhibited

by more than goz and general cellular protein synthesis

ceased within a few minutes (BoEh et aL', 1972) ' That the

enzyme is synthesized' de noÐo \^Ias confirmed by the

incorporation of tlaCl -leucine into protease during a 60

minute incubation beginning 20 minutes after the addition

of rifampicin.
In the presence of high concentrations of amino

acids, protease production occurred in two distinct

phases (see Figure 5.1); the first lasted 30 40 minutes

while the second started at 80 minutes and proceeded

linearly thereafùer. Phase I has been attributed to trans-

lation of preformed mRNA, transcription being repressed

by amino acids (BoLi¡ et qL. , Lg72) . Phase 2 is compatible

with a partial escape from amino acid repression of

transcription.

Phase 1 synthesis was not inhibited by actinomycin

or rifampicin, whíIe phase 2 was abolished by these

drugs (fig. 5.I). If rifampicin was added soon after

the establishment of phase 2 synthesis, production of

protease ceased within a few minutes, indicating an mRNA

.i - .--.--.-1 -l-^r-! 't.i€atima rrn¡lrrr¡ thase COnditiOnS.u! ct ¡l(JIlllctJ. ÞIr\J! u !!!E u+r]]e ur¡uv!

Boi'lir. et aL. (L972) proposed that there is present in
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harvested cetls of B. amyLoLiquefaciens' âñ accumulated

pool of mRNA for protease capable of supporting synthesis

of the enzyme f-or 80 minutes. It was postulated (BoL]n et

aL. , Ig72; Glenn et aL. , l-g73) that if extracellular

enzymesaresynthesizedbyribosomeslocatedatthecell
membrane, then the mRNA must migrate from the chromosomal

gene to the translational'-extrusion sites' The pool of

mRNAcouldthusbetheresultofaprimitivemRNAtrans-
port mechanism in which excessive amounts of mRNA are

producedtoensurethat,despiterapiddegradation(Both

et aL " , Lg72¡ Glenn et aL' , l-g73) sufficient reaches the

membrane to saturate the translation-extrusion sites'

However, this interpretation assumes that the

excessive rate of transcription and the accumulated mRNA

pool are biologically meaningful phenomena and not

aberrations peculiar to the organism studied. Although

thesephenomenawereobservedforthreeextracellular

enzymes of B. amyLoLiquefaciens (eould, MaY and Elliott'

Ig73),whicharenotco*ordinatelycontrolled,itnever_

theless could be argued that this atypical situation is

due to an unrecognized control mutation (elenn et aL. ,

1e73).

Totestthishypothesisitwasimportanttodetermine

whether an mRNA pool specific for extracellular proteins

could be demonstrated in other organisms. since in L973

there \^Iere no other reports of this phenomenon' it was

decíded to examine B. subtiLis 168. Welker and campbell

(Lg67) have demonstrated that this organism is genetically

distínct from B. amyLoLiquefaci,ens, there being only about 15%

sequence homology between the DNA of the twO species, and a
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B5

difference in base comPositions'

SincetheSameunrecognizablecontrolmutationis

unlikely to occur in two distinct species' the demon-

stration of a pool of protease-specific mRNA in this

organísm would favour the view that these phenomena are

biologically meaningful and are probably related to the

mechanism of extracellular enzyme synthesis'

RESULTS

5.8.I Accumulation of mRNA Spe cific f.or ExtraceIIuIar

Protease in BaciLLus subtiLis 1_68.

Experiments with B. subtiLís L6B hlere

performed using cells harvested during the exponential

phase of growth (OD600 = I.5). When the cells were

resuspended in a medium containing a low concentration of

amino acids tO.05z (w/v\ casamino acidsl ' protease

synthesís r^tas essentially linear (Fig' 5'2) ' rn a medium

containing a high concentration of amino acids [0'85% fu/v)

casamino acidsl however, there was a biphasic time course

of enzyme synthesis (Fig. 5.2) . The f irst phase (I)

Iastedforabout20minutesandwasfollowedalmost

immediately by a second phase (II) in which the protease

synthesis was again linear.

Protease was determined in these experiments by its

activity against the substrate Remazzo Brilliant Blue-Hid'e

at pH 7.8. The protease activity measured under these

conditions was completely sensitive to EDTA (98? inhibition) '

The activitlz was concluded to be due only to the metal-

requiring neutral protease (Millet, 1970) '
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In the presence of rifampicin (0.5 vg/mll ' cells

resuspended in a medium containing a low concentration

of amino acids continued to produce extracellular

protease for 25 to 30 minutes (Fig. 5.3) - This

concentration of rifampicin was the minimum required to

inhibit the incorporation of tlacl -uracil into TcA-

precipitable material by greater than 952 over the 60

minute time period of the experiment (Fig. 5.4). This

concentration of rifampicin did not cause cell lysis'

unlike higher concentrations (> I Vg/mL) of the drug

which caused extensive ceIl 1ysis. Rifampicin inhibited

the rate of incorporation of tlaCl -phenylatanine into TCA

precipitable material by 92so (Fig. 5.5). The short initial

incorporation of tl Cl -phenylalanine (for about 5 minutes)

presumabty reflects the averaqe lifetime of cellular

mRNA.

The production of extracellular enzyme in the presence

of rifampicin was not due to the release of preformed

enzyme molecules, since it was sensitive to chloramphenicol

at a concentration of lO0 Vq/mI as shown in Fig' 5'3'

Figure 5.5 shows that at the concentration used, chlor-

amphenicol inhibited general protein synthesis immediately

and almost completely. Pactamycin (another inhibitor of

protein synthesis) at a concentration of 0"5 Vg/mI

inhibited the rate of protease synthesis by 922, and

1L
It*c] -phenylalanine incorporation into TCA-precipitable

material by 80?.

when rifampicin (0.5 vg/m]-) was added at zeto time

to cells resuspended in Èhe medium containing 0. B5a

(w/v) amino acids, protease production continued for 25
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to 30 minutes with a time course similar to the phase I
synthesis of untreated cultures (fig. 5.6). This

rifampicin-insensitive synthesis of protease was

inhibited by chloramphenj-col (100 ug/ml-) by > 902

(data not shown).

In marked contrast to this result, the addition of

rifampicin to cells in the medium containing 0.85e" (w/v)

amino acids during the second phase of protease synthesis

resulted in the almost immediate cessation of enzyme

production (t'ig. 5.6) "

5. C. DISCUSSION

This work has demonstrated that in B. subtil¿s 168

cel1s there exists a pool of mRNA which is capable of
supporting de nouo protease synthesis for 20 30 minutes

in the absence of transcription. Cel1s resuspended in
the presence of rifampicin at concentrations sufficient.
to inhibit RNA and protein synthesis by > 90eo, continued

to synthesize protease for at least 20 minutes. That

the synthesis was de nolo is strongly supported by the

observation that protease synthesis (in the presence or

absence of rifampicin) h/as sensitj_ve to the protein

synthesis inhibitors pactamycin and chloramphenicol. A

more rigorous proof of de nouo synthesis of protease in
the presence of rifampicin would require that the incubation
of cells with rifampicin be done in the presence of t14Cl

amino acids. If the protease produced afÈer rifampicin
-,iÃ.i J-.i ^- .: ^ ----!1^^-.: -^r ,7 ^ i r --^--a J L^ -L^aquu¿Lrvr.l JÞ ÞytrLr¡t:ÞI¿v\t ue tLuuu IL w(JuILI ug exl.JeuLgl.r LL)

1Lcontain t*'Cl amino acids as described for B. amALoLiquefaciens
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by Both et aL. (1972).

protease production by B. subtiL'Ls L6B was repressed

for up to 25 minutes by high concentrations of amino

acids. In a medium containing 0.853 (w/v) amino acids,

the production of protease \^7as biphasic. The first

phasen lasting for 15 20 minutes, \^Ias rifampicin-

insensitive; this was followed by a second phase which

showed normal rifampicin sensitivity, addition of the

drug causing cessation of enzyme production after a few

minutes. The most probable explanation of the biphasic

protease production is that phase I represents translation

of preformed mRNA until it is exhausted. Phase II is

probably the result of de-repression of protease mRNA

synthesis (as postulated by BoLî et aL. , 1972) . Since

protease synthesis at this time is dependent on trans-

cription it shows normal sensitivity to rifampicin.

The alternative explanations, that Èhe stability of the

protease mRNA changes in the second phase of synthesis

or that different genes are transcribed cannot be excluded

but are considered unlikely (G1enn et aL., 1973) ' The

mechanism of the de-repression must be attributed either

to reduced intracellular amino acid levels due to

increased ceII metabolism, or to some unknown cause.

It can be argued that the effect of rifampicin on

RNA synthesis is selective, that is, that protease mRNA

is synthesized by a rifampicin-resistant RNA polymerase.

This objection seems unlikely since the second phase of

protease synthesis is sensitive to rifampicin. The

demonstration of protease synthesis in the presence of
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actinomycin (which inhibits RNA synthesis by a different

mechanism to rifampícin) would also argue strongly

against the above objection. As mentioned above' protease

synthesis in B. dmALoLiquefac'Lens occurs in the presence

of either rifampicin or actinomycin at concentrations

which inhibit RNA synthesis by greater than 902.

The pattern of results obtained here with B. subtilis

1,68 are qualitatively identical to those seen in B.

amgLoLiquefaciens. The overall amount of protease produced

is much smaller and the pool of mRNA lasts approximately

20 30 minutes, instead of 60 80 minutes as observed

in B. amALoLiquefaeiens. However, identical interpretations

can be placed on the results obtained with B. subtiLis in

aII respects.

These findings clearly confirm that the synthesis of

extracellular protease is a system whose response to

inhibitors of transcription is very unusual when compared

with other prokaryote systems.

It is unlikely that in two genetically distinct

organisms (welker and Campbel1, L967) the same unrecognized'

control mutation would be present. It appears therefore

that the unusual characteristics of extracellular enzyme

synthesis described here are causally related to the

mechanism of extracellular enzyme synthesis.

Since this work was completed, similar characteristics

have been reported for the following extracellular enzymes:

the cx,-amylase of B. subtiLis 820 (Priest, L975) , the poly

p-hydroxybutyric acid depollzmerase of Pseudomonas Lemoignei

(Stinson and Merrick, L974) and protease production by

P. maltophiLia (Boethling, L975).
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By contrast there is no evidence for the accumulation

of mRNA for the alkaline phosphatases of B. amyLoLique-

faciens (Saint, I974) , or E. coLi (V'Iainwright and Beacham,

L977). Similarly, there is no evj-dence for an mRNA pool

for E. coLi outermembrane protein, however, this mRNA is

reported to be extremely stable (Hirashima et aL. , J-973

and 1974). Neither is there any evidence for an mRNA pool

for BaciLLus Licheniformis penicillinase (SargenL et aL. ,

1969; Yamamoto and Lampen, L976).

It should be stressed, howevero that there is no

obligate requirement for an mRNA pool for extracellular

enzyme synthesis, since this would depend on relative

rates of transcription, translation and degradation of

mRNA.

There has been a recent challenge to the model of

mRNA accumulation for extracellular enzymes, particularly

f.or B. amALoLiquefaciens (Brown and Coleman, L975a, bi

Coleman and Brown, 1975). Because of the relevance of

the challenge to the interpretation of the work in this

Chapter, the work of Coleman and Brown will be briefly

discussed.

These authors claim to have shown by hybridization

techniques that there does not exist any particular species

of mRNA in excess in B. qmALoLiquefaciens. To deal with

these papers in full would require a very long discussion;

instead the main objections to their work will be listed

these will be intelligible in conjunction with the

relevant. papers which otherwise would need almost

complete reproduction here.
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i) Their work depends wholly on the assumption that

logarithmic phase cells do not contain any mRNA for

protease. An examination of the data, âS shown in Fig.

5.7 suggests that this conclusion is in error. Coleman's

conclusion that protease and cr-amylase production is

confined to stationary phasemay result from cell growth

and enzyme production being plotted on logarithmic and

linear scales respectively. The data in Fig. 5.7 was

used to calculate protease synthesis per mg dry weight

of cells, resulting in the curve shown in Fig. 5'8'

Clearly protease synthesis had. begun early in the exponential

phase of growth (rate of synthesis at 23 hours = 97 units/

:nour/mg dry weight) and the rate of synthesis (48 units/

hour,/mg dry weight at 3I hours) declines from the end of the

exponential phase (arrowed). Duplicate experiments gave

qualitatively the same results, although in some cases

the rate of synthesis of protease dectined by only L2%

in the post-exponential Phase.

ii) using a conventional RNA isotation procedure the

authors assumed that the RNA isolated represented the

in uiuo situation and that no preferential loss of a pool

of mRNA occurred. It should be noted that Both (1973)

found that even ribosomal RNA was grossly degraded when

extracted by the procedure of Coleman.

iii) Their hybridization work assumes that an

accumulated species of mRNA would. be detected by their

method. This is correct in principle, but no evidence is

offered that it would be within the limits of detection

of their experimental procedure. Their conclusion that no
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species of mRNA predominated, conflicts with Lheir own

opening assumption that 40% of the mRNA is protease

specific.
iv) Their conclusion that protease is normal in

amount and stabitity offers no explanation for the

observations in this laboratory (which are not challenged) '

Theirexplanationofarifampicin-resistantpolymerase
(coleman and Brown, Lg75) , clearly ignores the identical

effects given by actinomycin, a transcription inhibitor

with a completely different mechanism of action. It also

ignores the fact that protease synthesis may (phase TI)

or may not (phase I) be sensitive to rifampicin. These

considerations clearly render their interpretation

untenable.

Inviewoftheseobjections,theconclusionsof

Coleman and Brown in rejecting a mRNA pool do not seem

\rrarranted.

In summary, the work in this Chapter is regarded

as supporting evidence for the existence of an atypical

situation in bacilli for messenger RNA's coding for extra-

cellular enzymes. The most likely explanation of the

results is that bacilli cells transcribe mRNA for extra-

cellular enzymes at such a rate as to saturate the trans-

Iational process (BoEh et aL., L972). The excess mRNA is

apparently put into a reserve pool which is capable of

supporting enzyme synthesis in the absence of transcription.

Recent work by O'Connor et .aL. (f 978) has suggested that

this pool of mRNA is in a stabilized, but non-translatable

form which only becomes available :ror translation when

transcription ceases.
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FINAL SUMMARY AND DISCUSSION
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FINAL SUMMARY AND DISCUSSTON

The ultimate aim of this project was to gain an

understanding of protein secretion by bacteria at the

molecular Ievel. The work described in this thesis was

preparatory to isolating membranes for detailed in uitro

studies of extracellular protein synthesis and secretion'

For the first time conditions I¡/ere found where

protoplasts of B. amyLoLiquefaciens produced active

o-amylase and protease. Although the rate of secretion

of these enz)¡mes by the protoplasts was rather lower than

for ceIls, the activity was still readity measured.

It has been stressed throughout this work that the

synthesis of extracellular proteins by protoplasts is

sensitive to proteases, including that of B. amyLoLiquefaciens

itself. This effect seems to be due to the proteolysis

ofthenascentpeptidesastheyemergefromtheprotoplast

membrane (Sanders and May, l-g75) ' It seemed more realistic

therefore to attempt the cell-free synthesis of cl-amylase

in conditions where no protease activity would be present'

Conditions \^¡ere found where protoplasts synthesized

a.amylase, but no protease. This was achieved by the

omission of zn2*, and the inclusion of the inhibitors

PMSF and EDTA in the protoplast incubation medium.

Theworkinthisthesishasprovidedvaluable

information and techniques for future cell-free studies'

The lysis of protoplasts, prepared in 'protease-free'

conditions, is expected to greatly facilitate the

preparation of membranes for in uiiy,o studies. whether

or not extracellular enzymes are made by ribosomes
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associated with the membrane can then be investigated.

At least two different approaches are possible.

The first of these is to label extracellular enzymes

being synthesized, by protoplasts, and then to look for

the nascent peptides in isolated membrane preparations.

Using this approach, Smith et aL. (L977 ) provided evidence

that secreted proteins of. E. coLi are directly extruded

as they are synthesized. These authors labelled sphero-

plasts of- E. coLi with a reagent that reacts with amino

groups, but does not cross the membrane. Polysomes

isolated from the membrane-polysome fraction contained

the 1abeI. when allowed to complete translation in an

in uitro systemn a portion of the protein made was

alkaline phosphatase.

The second approach to in uitro studies is to incubate

isolated protoplast membranes in cell-free protein

synthesis systems and look for the synthesis of extra-

cellular proteins (in particular cr,-amylase). Initial

attempts at achieving cell-free synthesis of cr*amylase

by isolated membrane vesicles \^lere unsuccessful, âs

described in Appendix A. Problems arise \,fith this approach

because the membranes are sealed vesicles, with any

associated ribosomes being on the inner surface of the

vesicle (as discussed in Appendix A). Consequently the

macromolecular components of an in uitro protein synthesis

system would not be expected to be accessible to the

ribosomes. However, despite the inherent difficulties,

the synthesis of o,-amylase by membranes of B. amyLo-

Liquefac¿ens KA63 has been achieved' (Ninomiya et aL',

r976).
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Both of the approaches described above would be

facilitated if the protoplasts had a pool of mRNA for

the extracellular enzymes. It is not clear why protoplasts

do not have such an mRNA pool. one possibility is that

there is insufficient phosphate in the protoplast

incubation medium (1f? of that in washed-cell incubation

medium) to support the synthesis of excess mRNA.

For the study of in uitTo protein synthesis dependent

on endogenous mRNA, the presence of a pool of extra-

cellular enzlzme mRNA in the protoplasts immediately prior

to 1ysis, would clearly be an advantage.

Similarly the pool of mRNA would a1low specific

tabelling of nascent extracellular enzymes in uíuo, after

general protein synthesis \^/as inhibited by actinomycin.

Fractionation of the protoplasts into membrane and cytosol

fractions would then allow identification of the site of

synthesis. In the absence of a pool of mRNA in the proto-

plasts, this specific labelling of extracellular proteins

can be done with cells. Pre-treatment of cel1s with

actinomycin for 20 minutes causes synthesis of all

proteins except protease, to stop. After pulse-labelIing
1¿,with [t*C] amino acids, the cel1s can be treated with

translocation inhibitors, converted to protoplasts, lysed

and the subcellular fractions examined for labelled nascent

peptides.

In one such experiment (data not shown) the ratio

(Iabe] associated with free ribosomes to Iabel associated

with membranes) was 3.2 after labelling in the presence

of actinomycin. This ratio changed by only 6-39ø to 3'4
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\^7hen the labelling was done in the absence of actinomycj-n'

This preliminary result suggests that either the extra-

cellular enzymes are synthesized by free ribosomes or

that the presumptive bound ribosomes are easily dissociated

from the membrane. In the former case, the labelled

nascent peptides in the membrane fraction might have been

entrappedinsidethevesicles,togetherwiththeribosomes

during lysis of the protoplasts' Such an interpretation

is difficult to disprove in studies with membrane vesicles'

The demonstration of a mRNA pool for B. subtíLis 168,

an organism genetically distinct from B. amgLoLiquefaciens'

is strong evidence for this phenomenon having biological

significancerratherthanbeinganaberrationofB'

amyLoLiquefaeiens. This finding reasserts the earlier

claims of BoL]n et aL. (Ig72) and Glenn et aL" ( f973)

thatthesynthesisofextracellularenzymesinvolves

mechanisms atypical of those for general protein synthesis

in bacteria. As these findings cannot be explained on a

conventional basis, the working hypothesis described below

wasformulated.Itisnotappropriatetodealherewith

theexperimentalevidenceleadingtothishypothesis.

Thisisdj.scussedinconsiderabledetailbyo'Connoret

aL.(1978).Instead¿briefoutlineofthecurrentworking
model is presented (f j-9. 6 - f ) .

TherearetwoformsofmRNAfortheprotease'one'âD

untranslatable, reserve form and the other a translatable

form; the first is converted to the second when transcription

ceases. Transcription is able to supply mRNA for translationn

and for the accumulation of the reserve (rin' 6'f) ' The
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\^/ork of O'Connor et aL. (1978) suggested that transcription

is controlled by a new type of mechanism that allows

reserve mRNA to build up and decline in a cyclic fashion.

The reserve mRNA allows protease synthesis to continue

during periods of transcriptional inactivity. It was

postulated (o'connor et aL., 1978) that mRNA for extra-

cellular enzymes might be released from the gene before

translation. In this event, the control mechanism may have

the role of maintaining the mRNA levels in the cell between

pre-determined Iimits.

This can, perhaps, be related to the earlier concept

of BoLh et aL. (L972). They postulated that enough mRNA

must be made to ensure that, despite degradation, sufficient

mRNA migrates from the chromosomal gene to the translation-

extrusion sites at the membrane to maj-ntain synthesis of

the extracellular enzymes.

To test the above hypothesis, and indeed to pursue

any detailed study of the mechanism of extracellular

enzyme synthesis and secretion, the isolation and trans-

lation of the extracellular enzyme mRNAs must be achieved.

This is currently being attempted in our laboratories.

The possibility of more than one mechanism of synthesis

and secretion of proteins should not be overlooked. Both

the alkaline phosphatase of- E. coli (Inouye and Beckwith'

1977) and the penicillinase of B. Lichenifov'mis (Dancer

and Lampen, Ig75i Yamamoto and Lampen, 1976) are synthesized

by mechanisms which appear to be very similar to the 'signal'

hypothesis described for eukaryotes. The penicillinase,

which is partially retained by the cells, appears to be
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synthesized as a phospholipoprotein precursor (Yamamoto

and Lampen, Ig76), and the periplasmic alkaline phosphatase

as a hydrophobic precursor protein. It is important to

look for precursor forms of the cr-amylase and protease of

B. amgLoL.Lquefaciens. As these enzymes are completely

released from the cel1s, their mechanism of secretion may

differ from that for the penicillinase and the alkaline

phosphatase.

There remain a large number of unanswered questions

about the site of synthesis of extracellular enzymes, the

mechanism by which they traverse the membrane, and the

mechanism for the association of oligomeric proteins such

as u-amylase and alkaline phosphatase. The work embodied

in this thesis is expected to provide a basis for future

work aimed at solving the above problems'
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Introduction

A definitive description of the mechanism of

synthesis of secretory proteíns will only be possible

after detailed in uityo studies are made. The unique

system postulated for the synthesis of extracellular

enzymes is tikely to be affected by variables other than

the ones which typically affect protein synthesis in

uitt,o (e.g. o the concentration of t4g2+ and x+) ' rn the

case of membrane-associated. ribosomes it would be necessary

to know what are the requirements f.ot this association,

and whether the ribosomes are still active in the absence

of membranes.

Although the hypothesis of extracellular protein

synthesis at the membrane is a popular one (Glenn n L976) ,

definitive evidence for such a mechanism is still lacking

for B. amALoLiquefaciens and B. subtiLis 168. This

Appendix describes two approaches to determining the site

of synthesis of extracellular enzymes in B . amALoLiquefaciens '

Fistly, attempts were made to detect nascent peptides

emerging from the protoplast membranes as predicted by a

vectorial extrusion model of extracellular enzyme synthesis

and, secondly, attempts were made to obtain in uitv'o

synthesis of extracellular enzymes using protoplast

lysates.

Attempts to Detect Nascent Peptides Emerging

From the Protoplast Membrane after Treatment

Vüith Translocation Inhibitors

The trypsin sensitivity of extracellular

enzyme synthesis by protoplasts of B. amyLoLíquefaciens

2A
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u/as demonstrated by Sanders and May, (1975). One inter-

pretation of this effect is that the exoenzymes are

synthesized by membrane-associated ribosomes. As the

protein chain is formed, it is extruded directly through

the membrane, emerging in a form sensitive to proteolysis.

Thus, if protoplasts were incubated with tl4cl amino

acids and then treated with the translocation inhibitors

chloramphenicol and sodium fusidate, translation of mRNA

by ribosomes would be 'frozen' and the partially

completed exoenzyme peptides would be accessible at the

outer surface of the protoplast. Thus protease treatment

of membranes, isolated from protoplasts treated with

chloramphenicol and sodium fusidate, would release

fragments of extracellular enzyme peptides, reducing the

TCA-precipitable tl4cl peptides associated with the

membrane.

In addition, if protoplasts \dere pulse labelled with
-tL

['=C] amino acids and then subjected to a 15 minute chase

with excess lL2cl amino acids, before treatment with

the translocation inhibitors, then no radioactivity would

be expected in nascent peptides. In the latter case'

treating isolatecl protoplast membranes with proteases

would give no reduction in tlacl counts associated with

the membrane.

The pulse and pulse-chase labelling experiments \^/ere

perf ormed as f ollows: Protoplasts \^/ere prepared as described

in Chapter 4, to minimise protease activity, and then

resuspended inr-o PMA m-ed-ir:m- eontaininq 5 mM PMSF and no

amino acids. After 5 minutes incubation at 30oC, 5 uci
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-t 
¿,

each of t- -cl _leucine and tracl -phenylalanine were added

to 20 ml of protoplast suspension, and the incubation was

continued for another 3 minutes. At this time chloramphenicol

(50 vg/m:-) and sodium fusidate (250 Vg/mL) were added.

In the paralleI pulse-chase experiment, protoplasts

\^rere prepared and tlaCl amino acids added at 5 minutes as

above. After 3 minutes incubation, B0 umoles of lL2cl-

leucine and 55 pmoles of tl2Cl-phenylalanine (a 5,000 fold'

excess of each) was added and after a further 15 minutes

incubation chloramphenicol and fusidic acid \^tere added

(as for the pulse-labelling experiment) . Figure A. I shows

that, oñ addition of the lL2Cl amino acids, incorporation

of tlacl amino acids stopped immediatery. The synthesis

of cr-amy]ase, however, \^7as completely unaffect.ed (rig. A-2).

After a further 3 minutes incubation suspensions

from both experiments were centrifuged and the protoplasts

Iysed at 20oc by adding them slowly to 500 ml of TNMC

buffer (25 mM Tris-HCI , 7 -5 mM MgSOnr 30 mn NH4CI, PII 7 '3

containing 50 pg chloramphenicol/ml). The rapid chilling

of protoplasts to 4oc, normally used for polysome preparations

\^ras a potential problem in this study. such 'cold shock'

treatment has been found to reduce cell viability and to

release ribonuclease inhibitor (a low molecular weight

intracellular protein) from cells of B. amyloLiquefacíens

lsmeaton and Elliott (1967b) ]. The membrane damage'

implied by this release of protein, \^las undesirable when

investigating membrane-associated processes. It was

assumed that the continual presence of the translocation

inhibitors during the course of this experiment would
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prevent runoff of the ribosomes (and concomitant release

of newly formed peptides).

The membranes were collected by centrifugation

(35,000 g at 2O"C for 20 minutes) and resuspended in 6-9

m1 of TNMC buffer. The membrane preparations from each

experiment were divided into 2 equal portions (3.4 mI) '
and one of each was incubated for 10 minutes at 30oC

with 30 ug of trypsin and 25 ug of the B. amyLoLíquefaciens

neutral protease. The membrane preparations were washed

once in 6 mI of TNMC buffer (by centrifugation and

resuspension) and then resuspended in 5 mI of TNMC buffer.

Aliquots of each preparation were added to 10? TCA

containing LZ (w/v) casamino acids, and TCA-precipitable
1L

t^=Cl activity was determined.

The results are summarized in Table 4.1, which shows

that the proteolytic treatment of membranes derived from

pulse-labelled protoplasts gave a 63% reduct'ion of tlacl -

labelled peptides associated with the membrane. Clearly the

reduction of tlaCl counts cou1d. be due to the proteolysis

of membrane proteins or possibly the rupturing of membrane

vesicles (in the presence of the proteases) to release
't ¿.trapped ['=c] -labelled proteins. In the control experi-

ments, pulse-labelled protoplasts were chased with a 5000

fold excess of t12cl-amino acids. rn this situation
'tL

where no ['=c] Iabel is expected in nascent peptides,

the proteolytic treatment still gave a 38% reduction of

TCA-precipitable tl4cl counts associated with the

membrane vesicles.

The trypsin was apparentty hydrolysing proteíns of
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the membrane in the latter experiment. The possibility

that proteases rupture the membranes to release intra-

vesicular contents seems unlikely. Sanders and May

(1975) found that 10 pg trypsj-n/ml (although a lower

concentration than used here) had no effect on general

protein synthesis by protoplasts'

The higher reduction in counts in the pulse-Iabel

experiment (63%) compared with the pulse-chase experi-

ment (38%) suggests that the effect of proteases u/as at

least in part due to an effect on nascent peptides. The

resul-t was consistent with the hypothesis that partially

completed extracellular enzyme peptides had emerged from

the protoplast membrane, while sti1l attached to ribosomes'

The extended chain length of cr-amylase is about 7704o

(2LI amino acids). Allowing for a membrane thickness ot

120A" and about 14OAo for the diameter of a ribosome' a

I4
TABLE A.1.

t -LABELLED PEPTIDES.cl

YSIS OF MEMBRANE-ASSOCIATEDPROTEOL

Pulse-Iabel

PuIse-chase

24 ,480

L3,L20

9,058

8,140

639-.

3B%

Untreated

Membranes

Protease-

treated

Membranes

Experíment TCA-precipitable

tracl amino acids

(counts per min)

Reduction in counts

las a percentage of

counts in untrea

membranesl
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chain length as much as 5104o (139 amino acids t et 662

of the total- length) might be exposed at the outer surface

of the membrane. Although dependent on the distribution

of phenylalanine and leucine in the primary sequence of

cr-amylase (and any other proteins being synthesized\, the

distribution of peptide lengths (S 139 amino acids)

exposed at the ouLer surface of the membrane means that
probably less than half of the total label incorporated

during pulse-labelling would be exposed to proteolytic

attack.

The experimental approach described above could be

elaborated in several \^rays. Firstly, a lower concentration

of trypsin and protease may give a more selective effect;

that is, they may hydrolyse nascent peptides without

affecting the membrane. Sanders and May (I975) found

that 2 Vg trypsin,/ml was enough to completely inhíbit

extracellular enzyme synthesis by protoplasts.

An important control required is the demonstration

that the 15 minute chase is sufficient to complete nascent

proteins.

Finally, to verify that the peptides released from

the vesicles by trypsin treatment are in fact deríved

from extracellular enzlzmes, it would be desirable to
compare the peptides with authentic tryptic peptides of

the extracellular enzymes. Other approaches to the

detection of nascent peptides are considered in Chapter 6.
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Amino Acid Incorporation By Crude CeII Lysates

Of B. amltLoLiquefaciens

There have been several reports of the

synthesis of extracellular proteins in uítro. These

include the alkaline phosphatase of E. coLi (Inouye

and Beckwith, Lg77) n the penicillinase of B. Licheníformis

(Dancer and Lampen, I975'), the outer-membrane lipoprotein

of E. coLi (Hirashima et aL., L974) and the o-amylase of

B. amyLoLiquefaciens KA63 (Ninomiya et aL., I976) -

The work of Ninomiya et aL. (I976) was particularly

interesting. Membranes prepared from protoplasts of

B. amyLoLiquefaciens and incubated in a cell-free protein

synthesizi-ng system, synthesized o-amylase, but a

preparation of free polysomes did not. The work was

particularly remarkable because bacterial membranes

prepared by the lysis of protoptasts have a continuous

membrane and remain in the same orientation as in the

intact protoplast. That is the cytoplasmic side of the

membrane remains on the inside of the vesicle (Altendorf

and St.aehelin, I974¡ Kaback, L972¡ Konings, L975 and

McMurchie, L977'). Thus any ribosomes associated with the

membrane will be inside the vesicles and presumably

inaccessible to macromolecular components of the cell-

free protein synthesizíng mixture (such as tRNAs). In

addition, the vesicles are likely to contain free

ribosomes entrapped in the intravesicular space.

Despite these apparent complexities Ninomiya et

aL. (L976) were able to achieve cr-amylase synthesis by

the membrane preparations. The experiments were repeated
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in this laboratory, but no o-amylase synthesis \'\las

achieved (data not shown) . V,fhy the attempts to

reproduce the results of Ninomiya et aL. (L976) were

unsuccessful is not clear.

The failure of the above approach lead to the study

of crude lysates. It was hoped to first demonstrate some

synthesis of extracellular enzymes by the lysates, and

then to ref ine the in uitv'o systems -

Protoptast lysates were prepared and incubated in

cell-free protein synthesizing systems as described in

Chapter 2. It was found that after 60 minutes incubation

of the in uítz'o system, 583 - 702 of the total TCA-

precipitable protein synthesized was in the soluble

fraction of the mixture and the rest was associated

with the vesicles (material pelleted by centrifugation

at 35,000 g for 20 minutes at 20oC).

Azide (20 mM) in the incubation mixture inhibited
1L

It"C] amino acid incorporation into TCA-precipitable

material by about 16z. This was presumably due to the

presence of some unlysed protoplasts in the lysate. The

protease inhibitors (0.6 mM EDTA + 0.2 mM PMSF + 0.6 mM

Mgkcr) stimulated incorporation of tlacl amino acids by

the lysates by 522.
'l ¿,

It"c] Iabelled peptides that cross-react with anti-

protease and anti-amylase y-globulins were sought in

both membrane and soluble fractions of the incubation

mixture. Anti-amylase y-globulin was added to aliquots

of the lysate with 3.7 ug of purified o-amylase to act

as a carrier. Protease was precipitated by the double-
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antibody technique. The results' summarj-zed' in Table A.2,

show that no radio-active peptides could be precipitated

by the anti-amylase and anti-protease y-globulins'

It appears that a great deal more work will be

necessary if this approach is to succeed. Protease

inhibitors stimulated amino acid incorporation by the

lysates by 522. Despite measures to eliminate proteases

prior to lysis of the protoplasts, proteolytic degradation

of nascent pèptides still appears to be a serious threat

to the success of those experiments. The extent of such

degradative action needs to be further examined'

TABLE A.2. ATTEMPTS TO DETECT PROTEASE AND O-AMYLASE

PEPTIDES BY TMMUNOPRECIPTTATION AFTER

INCUBATION OF A PROTOPLAST LYSATE IN A

CELL-FREE PROTEIN SYNTHESIZING SYSTEM.

The table show results (c.p.m./ml of incubation mix)

for 2 experiments.

75

94

39

75

B6

160

56

48

51,340

47 ,260

23,L20

33,360

Soluble Fraction

Expt. A

Expt. B

Membrane Fraction

Expt. A

Expt. B

Protease

Immuno-

precipitate

a-AmyIase

Immuno-

precipitate

TCA-precipitable

counts
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It is also not clear whether the lysates contained

sufficient endogenous mRNA to synthesize measurable

amounts of the extracellular proteins. The preparation

of lysates for these studies involved a compromise

recognized by Mclnnes (1973). He found that as cultures

of B. amaLoLiquefaciens approached the end of the exponential

phase of growth, the amino acid incorporation of the

derived lysates decreased. In contrast to this, the pool

of protease-specific mRNA increased with the age of the

cultures. For these in uitz,o studies cel1 lysates with

a high rate of amino acid incorporation, and with an mRNA

pool are desirable. The problem is compounded by the fact

that the pRNA pool for the extracellular enzymes disappears

when ce1ls are converted to protoplasts'

Another approach to in uity,o protein synthesis by

vesicles is suggested by the work of Kreibich and

sabatini (1973) . These workers found that low concentrations

of detergent (0.025% O.O49s" deoxycholate) made microsomes

permeable to proteins without causing membrane breakdown'

Treating vesicles derived from protoplasts in a similar way

might prove necessary to expose ribosomes, bound to the

inner surface of the vesicles, to the macromolecular

components of an in uitt,o protein synthesizing system.
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