
The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,  Japan

374 Ninomiya et al. [Ja Ferment Technol.,

[J. Ferment. Technol., Vol. 54, No. 6, p. 374--v382,i976]

Immunochemicai  Detection of  cr-Amylase  Synthesis by

  Protoplast Membranes of  Bacillus amyloliqzaefaciens

       Yasuo Ninomiya, Talji Imanishi", Atsuhiko Shinmyo
                      and  Toshio Enatsu

Departmcpt
 of  Fermentation Technology, Faculty of  Engineerlng, Osaka  University

                 Yamada-kami,  Suita-shi, Osaka  565

                            Abstract

   In the cell-free  system  from  Bacilitcs anrylolieteci2icdens  KA-63,  protein synthcsis  was

fo{md to preceed exelusively  on  rnembrane-bound  polysomes (membranes and  S-I05)
and  the synthesis  was  completely  inhibited by  chloTamphenicol and  puremycin.  In
particular, biosynthesis of  a-amylase  which  ameunted  to 16.2-17.2%  of  tihe total protein
synthesized  could  be identified by  an  immunoprecipitation methed,  whereas  negligible

radieactivity
 was  ebserved  in the  precipitate in a  cell-free  system  comprising  the S-SO

fractien.

   Similar cell-free  systems  were  prepared frem  a  mutant,  AL222,  which  showed  a

significantly reduced  amount  of  a-amylasc,  though  the specificity  and  the immunological

properties of  the enzyme  activity  were  the  fiame as  that  of  the wild  strain.  Synthesis of
a-arnylase  was  not  detected itnmunelogically in the cel1-free  systems  from the mutant,

                                 lntroduction

    
Evidence  suggesting  that a  specific  secretory  protein is synthesized  exclusively  en

memljrane-bound
 polysomes  ofendoplasmic  reticula  has been accumulated  through  cell-free

experiments
 of  mammalian  tissues.i-`) A  similar  situation  might  be expected  of  extra-

cellular  enzyme  synthesis  in bacteria. Cancedda and  Schlesinger5) have shown  in ltscim'chia
coti

 
that

 the membrane  fraction is enriched  with  polysomes of  alkaline  phosphatase, a  peri-
plasmic enzyme,  in comparison  with  the  cytoplasmic  fraction.

    
But

 there  is little evidence  which  demonstrates the  fbrmation of  specific  protein
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especially  for secretory  proteins,S-iO} and  Hirashima et al.ii) have succeeded  in demon-
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    In a  previous pa[per, we  have  reported  that a  cell-free  system  of  protein synthesis
was  ebtained  frem exponentially  growing  cells  of  BaeiUtts amplotieuef?icdens  strain  KA-63
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Materials  and  Methods

   Bacteria1 stra{ns  B. an!ytotiguGRTciens  strain  KA-63 which  had  been stored  in our  laberatory and  could

accumulate  a  high levcl of  a-amylase  in the mcdium  was  usod  throughout this study.  This strain  was  previeusly
classified  as  a  strain  ofB.  subtilisi2>.  However, a  recent  study  by Seki et al.i3)  showed  that  the strain  differs from

B. sabtitis  and  should  be included in B. atT!71eliguofbctens.  A  rnutant,  strain  AL222,  derived from strain  KA-63

by IVLmcthyl-IVLnitro-N-nitrosoguanidine mutagenesis  was  also  used,  Strain AL222  has so  far been  characteriz-

ed  by accumulation  in lower quantities of  the samc  species ofa-amylase  and  protease as  the  parent strain  KA-63.

    Preparation  of  membranes  and  S-105 extract  Cultures were  grown  in medium  centaining  50 g

of$oluble  starch,  5 g of  peptone, 2 g of  yeast cxtract,  1.3 g  of  KH2P04,  O.5 g of  MgS04'7H20,  and  O. 1 g of  CaCl2'

2H20  per liter (pH 7.0) at  30eC  in a  jar fermenterl Cells were  harvested in the exponential  growth  phase

(S hr culture)  .

    Purified membranes  and  S-1OS extract  were  prepared by the  method  of  the previous paper at  a  temperature

between O and  4QCi2). Cells (approximately 4.3 g wet  weight)  harvested from  2,500 ml  of  broth were  washed  i
with  IO mM  Tris-HCI buffler, pH  7.6, coptaining  60 mM  NH4Cl  and  1O mM  Mg(CH3COO)2  (standard bufler

I) and  suspended  in 5G ml  of  the same  buffer containing  10%  sucrose.  The cell  suspcnsion  was  agitated  gently

with  35 mg  oflysozyme  (egg white,  Kinki Yakult  Co. Ltd.) for 60 min  at  OOC. The  treated  cells  were  harvested

by  centrifugation  at  12,OOOxg  for 10 min,  and  washed  once  with  5e ml  of  the standard  buffbr l contalning  ,
10%  sucrose  and  6 mM  S-mercaptoethanol. The  protoplasts. thus obtained  were  disrupted osmotically-by  ,
suspending  in 50  ml  of  100 mM  Tris-HCll bufller, pH  7.6, containing  60  rnM  NH4Cl, IO mM  Mg(CHsCOO)2  ,
and  6 mM  fi-mercaptoethanol (standard buffer II).

    The  precipitate ebtained  by  centrifugation  of  the lysate at 30,OOOxg  fbr 10min was  used  as  crude

membranes,  and  the supernatant  was  aga{n  centrifuged  for 20 min  under  thc same  conditions.  Supernatant
thuS obtaincd  was  used  as  S-30 extract.  The  crudc  merhbrane  fractien was  suspcnded  in 25 ml  of  standard

buMir II, and  lO ml  aliquots  of  the suspension  were  layered ever  a  discontinuous sucrase  gradient consisting  of

10 ml  each  of  20%  and  60%  sucrase  in standatd  buffer I in rotor  tubes  for an  HB-4  swinging  bucket rotor  of  a

Sorval RC2-B  centrifuge.  The  tubes  were  centrifuged  at  10,OOexg  for 60 min.  The  dense layer at  the inter-

face was  collected  by  aspiration,  suspended  in standard  buflk}r II, and  purified membranes  were  obtained

by  centrifugation  at  30,Oooxg  for 20 mip.  S-105 extract  was  obtained  by uhracentrifugation  of  the S-30
extract  at  105,OOO xg  for 60 min.

    Cell-fleee systern  of  protein  syntltesis  Cell-free pretein synthesis  was  canied  out  in a  rcactien

mixture  containing  100 mM  Tris-HCI (pH 7.6), 10 rnM  Mg(CH3COO)2,  60 mM  NH4al, 6 mM  fi-mercaptQ-
ethanol,  2 mM  ATP,  O.4 mM  GTP,  10 mM  creatine  phosphate, O.05 mM  each  of20  amine  acids,  2 "Ci  per ml

of  i4C  amino  acids  mixture  (chlorclla protein hydrolysate having  a  specffic  activity  of  co mCl  per mg  atom  C),

ca ptg per ml  of  creatine  phosphokinase (Sigrna), I,5-hv2.4 mg  pronin  per ml  of  S-105 extract,  and  1.0-vl.5

mg  Protein pcr ml  of  purificd membranes.  Tlie reaction  was  carried  out  at  30eC. The  aniount  of  
i4C

 amino

.acids incorporated {nte the protein fraction was  determined  as  described previously.i2).
    Sucrese density gradient  centrifugation  analysis  A  O.2 ml  aliquot of  reaction  mixture  was

layered over  4 ml  of  a  15-v30% linear sucrose  gradient on  a  O.5 ml  60%  sucrose  shelf  made  up  in standard

buffer I in tubes  for Hitachi RPS  40 rotoT.  The  tubes were  centrifUged  at  20,eoo rpm  for 4 hr at  4"C. Three-

drop fractions were  col16cted  from  the bottom  of  the tubes  and  diluted to 3 ml.  The  absorbance  was  measured

at  260nm,  and  i`C  radioactivity  in hot trichloroacetic  acid(TCA)-inseluble  rnater{al  in 1 ml  aliquots  was

measured  as  described previously.i.2)
    Immuneprecipitation  of  a-amylase  synthesized  in vitre  The  quantitativc determination of

a-amyiase  synthesized  in the eell-free  system  was  carried  out  by aii  immunoprecipitation mcthod  as  fo11ows:

O.25 ml of  supernatant  obtained  by centrifugation  of  the rcaction  rnixture  of  the in vitro protein synthesis  at

 105,OeO xg  for 40  min, and  O.25 ml  of  purified a-amylase  selution  (O.5 mg  per ml) were  mixed  and  O.5 ml  of

anti-amylase  serum  was  added  to the  mixture,  An  a-amylase  preparation used  as  carrier  was  obtained  from
culture  broth (24 hr) of  strain  KA-6S  according  to  the  purification rnethod  of  Tsuiisaka.i4) It was  cenfirmed

that  the preparation  showed  a  single  peak  on  sodium  dodecyl sulfate  <SDS) gel electrophoresis.  After incubation
at  37aa for 60 min,  the mixture  was  left for a  few days at  40a  after  which  the formation of  immuneprecipitate

was  virtually  complete.  The  preeipitate thus  form,od was  collected  by  centrifugation  at  3,ooOxg  for 10min

and  washed  at  least three  times with  O.85% Naal solutien  until  washing  did net  cause  appreciable  liberation

of  280 nm  absorbing  mateTials.  The  amount  of  protein and  radieaclivity  of  the resulting  immunopercipitate
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were  d¢ termined.

   Assay of  enzyme  activity  a-Amylase  was  determined by the blue value  mcthod.iO)  The reaction - --
rmxture

 
contammg

 5 ml of  l%  soluble  starch,  2 ml  of  1OO mM  phosphate buffer (pH 6.0), and  l ml  of  enzyme
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 protein ofstrain  KA-6S.  Neutral protease activity  wds  detamined by the  casein  hydrolyzing methgd
at  pH  7.6 as  described previously.i5)

   
TIhe

 amount  efprotein  was  determined colorimetrically  by the method  ofLowry  et al.ra)  with  bovln¢
 serum

alburnin  (Slgrna) as  the standard,

   
Chemieals

 Antisierum specific  for bacterial liquefying a-amylase  was  kindly supplled  by Professer
M.  Kitagawa. i4C

 arnino  acid  rnixture  was  purchased from Daiichi Pure Chem. Co.
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Results

    Protein synthesis  in the  membrane  system  The  important features of  amino

Fcid incorporatjon into protein by  membranes  and  S-105 extract  system  are  summarized
m  Table 1. The  rate  ofincorporation  in the  absence  ofeither  S-105 or  menibranes  was
negligible.

 Incorporation was  dependent on  ATP,  GTP,  and  an  ATP-generating system,
creatme

 phosphate and  creatine  phosphokinase, and  practically insensitive to KCN  (100
pag per  ml).  The  protein synthesis  was  not  inhibited by actinomycin  D  but ihhibited
markedly         by            chloramphenicol.  The, above  observation  could  justify th6 conclusion  that

8kew?.iriePbaeradtiisOcnuSsseWderitera.rdiY 
Contaminated,

 
and

 
free

 
from

 viabie  ceiis and  protopias.ts,
                                                                          '

    Membrane  as  the  site  of  protein  synthesis  To. elucidate  ihe site of  protein
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   --activity

 recovered  in the hot TCA-insoluble fraction was  observed  after  30 min  incubatien
in

 
fractions

 2-4  which  correspond  te the  beundary phase between 60%  and  30%  sucrose

occupied  by membranes.i7}  On  the ether  hand, no  significant  incorporation of  the
radioactivity

 was  detected in fractions 5-17  in which  polysomes are  present,i8>
    But as shown  in Fig. IB, the peaks of  radioactivity  coincided  with  absorbance  at

Table 1. Characteristios of  
i4C

 amino  acids  incorporation by
   cell-freesystem.

Addition or  deletion Incorp.
 (%)

Complete

-Membranes

-S-I05-:hT.ebhG.T.P.h,9･melo.'Ecatineand

+KCN  (IOO ng  per ml)

+Chloramphenicol (100pg per ml)

--Actinomy6in  D  (50ug per TFI)

100ooo1081597

   Reaction rnixtures  were  incubated at  SO"C  for 60min.  The  amounts  of  

'i'4C
 amino'gf4/g8
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fraction

 
in
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 reaction  mixture  was
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1. Sucrese gradient centrifugation  analysi$  of  the cell-free  system  of  protein synthesis,

Reactien mixtures  were  incubated at  3eeC for 30min ynder  various  conditions  indi-

cated  below  and  "Tere  centrifuged  through  a  1{i-30% linear sucrese  gradient on  a

60%  sucrose  shelf  at  20,OOOrpm for 4hr. Fractions of  three  drops were  cellected

from the  bottom  and  absorbance  at  260nm  and  radioactivity  in hot TCA-insoluble

material  were  measured.  Reaction mixture  used  for O time  contro1  did not  contain

energy  generating compenents  to prevent initiation of  the pretein SYntl1esis.

A, Omin  reactien;  B, 30min  reaction;  C, 30min reaction  with  1oo"g of  chloram-

phenicol  per ml; D, 30 tnin reaction  with 50 ptg of  puromycin  per ml.  Fractions 30
and  O correspond  to the  top'and  bottorn efcentrifuge  tube  respective!v,  and  the arrow
locates 70S ribosemes  in the  fraction numbeTs.

Symbols:  O, A2eo; e, i4C  amino  acids  incorporated.

'

260 nm,  even  though  fractien$ 18-25 were  markedly  richer  in ribosomes  and  their subunits.

On  addition  ef  chloramphenicol  or  puromycin at  the beginning of  reaction,  increase in

radieactMty  in the membrane  fractions as  well  as  in ribosomal fractions was  inhibited

completely  and  appearance  offree  ribosomes  decreased (Figs. IC and  ID). These results,

taken  with  that bfFig. 1B, suggest  tihat translation occurs  in membranes  and  that membrane-

bound polysomes  are  converted  to free ribosomes  and  their subunits  durlng the  protein
synthesis.  .

    a-Amylase  production  by  AL222  Strain AL222, a  mutdnt  which  produced le'ss

a-amylase  than  KA-63,  showed  decreased productivity of  protease. Figure 2 shows  the

time course  of  production ef  these enzyrnes  and  the  growth  of  strains  AL222  and-  KA-63.

In strain  AL222, the amount  of  a-amylase  ahd  prQtease produced after  22 hr cultivatiop

had retiched  only  5%  and  40%  of  the parental level respectively,  in spite  of  the  similar

growth  patterns.
    Imrnunoassay  Anti-amylase  serum,  kindly provided  by  Professor M.  Kitagawa

of  the  Irrstitute for' Cancer  Research, Medical School, Osaka  University, was  prepared
from ral)bit  which  was  immgnized with  crystalline  liquefying a-amylase  (BaA) ofB.  subtilis

(Nagase Sangyo Co.  Ltd., Japan). - To  confirm  that  this anti-amylase  seru'm  could  cross-

react  with  KA-63  a-amylase  as  well  as  BaA,  an  imrnunelogical test was  carried  out
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Fig.
 S. Double  diffusion test  for anti-amylase  serum,

   Four  ml  of  1.5%  agar  in 50mM  veronal  buffer

  pH  8.6, was  charged  on  a  microscopic  slidel

   Feur  to  five pl of  antiserum  was  placed in the
  center  wcll,  and  thesame  volume  of  varieus  

solu-

  tions indicatect below  was  placed in other  wclls.

  Difihsion was  carried  out  overnight  te form aras
  ot' specific  pr,ecipitates. The  slide  was  washed

  with  O.85%  NaCl  solution  for 24  hr to remove

  
the.

 remaining  soluble  protein, then  dried and

  stained  with  amide  blaek. I,3, 5, KA-63 a-

  amylase;  2, 4, BaA;  6, cell lysatc of  strain  KA-6S.
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Fig. 4. Qyantitative precipitation curves  for anti-

  amylasesenm.

  A O.5ml aliquot  of  a-amylase  solution  was  mixed
  with  the same  volume  of  antiserum,  then  incuba-
  ted  at       37eC  for 60min and  stored  at  4eC  for a
  few days. The amount  of  protein in immuno-
  prectpitates was  determined.
  Symbols,

 0, KA-63 a-amylase;  A, BaA
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Fig. 5. Double  diffusion test for AL222  a-amylase,

   Method is as described in Fig. 4.

   I, 3, 5, KA-63;  2, 4, 6, AL222

In the  antibody-excess  region  (less than  120 ptg ofantigen  per ml),  all of  the antigen  should

be detected in the  immunoprecipitate.

    This anti-amylase  serum  also  cross-reacted  normally  with  a-amylase  produced bY
strain  AL222, when  the  enzyme  solution  concentration  was  increased to 20 tim.es that in

the  culture  filtrate after  22 hr ofcultivatien  (Fig. 5). Figure 6 shows  neutralization  curves

of  KA-63  ahd  AL222  a-amylase  with  anti-amylase  serum  in the antigen  excess  regions.

No  significant  diflerence was  noted,  lmplying that a-amyiases  from  both strains  
have

 
tihe

same  immuno!ogical properties.
    Identification of  a-amylase  synthesized  in the  cell-free  system  Based on

these  findings, the  amount  of  a-amylase  in the products ef  the cell-free  system.  was  assayed

immunologically. To  avoid  possible inclusion of insoluble materials  such  as.ribgsomes  
ar}d

membranes  in the  specific  immunoprccipitate, the  reaction  mixture  of  tn vitre protem

;}'l:`h.efits,.w,fl･2..c,eg;tg'2St.geLfi{f:t,LO,9･sO.O,?,:,g.fo,:.g?,Ii:l,Z",d.,gig.S,"\e.'."el&".`,.W,IS,:IS;e,,1･2.I.lll8
immunoprecipitate is summarized  in Tab]e  2. The  amount  of  pretein synthesized  by free

polysomes  in the  cell-free  system  was  determined  by the reaction  mixture containing  
S-30

extract  instead ef  membranes  and  S-105 extract.

    In  the  cell-free  system  consisting  of  membranes  from strain  KA-63, a  considerable

amount  of  radioactivity  was  observed  in the  immunoprccipitate,  corresponding  to 16.2-J

e'E2.%,.oft.h.eio,tr.'rcdj,Ra,z`;ri.'y,g".co.'::l'gt,:d.a',nts,ih.f.gs`.'.C."/j,ffi,g,'gb,gt.I:;:,erlal.fu',a,212
at  the maximal  rate  (6hr culture)  were  employed  in the cell-free  system,  the  recovery

of  radioactivity  in the immunoprecipitate was  6S.2% of  the  total incorporation. However,

 in the S-30 extract  system,  no  more  than  O.7Nl.7%  of  the  total radioactivity  in the  hot

TCA-insoluble  material  was  observed  in the  immunoprecipitate (Table 2).

    Radioactivity was  not  observed  in the  immunoprecipitate of  either  the  mernbrane

 or  S-30 cell-free  system  from exponentially  growing  cells  of  AL222  despite the  fact that

 these cell-free  systems  had suMcient  activity  te incorporate i`C  amino  acids  into hot TCA-

=E2oo3'EJ:"..Ioo-'8e8segs

 O 25 50 75 10a 125

inti-awylase serum  (ul)

Fig. 6. Neutralization ef  a-amylase  with  anti-amy-

   1ase serum.
   A  O.5ml  aliquot  of  enzyme  solution  conta{ning

   250 unks  was  incubated with various  amounts  of

   the  antiserum  at  400a  for 60min.  The  activity

   remaining  was  determined.

   Symbols:  O, IcA-63, e, AL222

"
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Table 2,in  vitre synthesis  of  a-amylase.

StrainExp.SystemTh:･
 
.p
 /,uE t}o?(.i･:a.l7.a,c:Lvity                  '

       material

        (A)
      (cpmtml)

[IIhe amount  of  radio

    activity  in- --･
lmmunopreclpltate

      (B) .'
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immunological  neutralization  curves  for anti-amylase  serum,  indicating that both enzymes

had the same  specificity  toward  the  anti-serum.  

'
 This suggests  th4t  a-amylase  in the

rnutant  is unlikely  to carry  mutation  at  the  structural  gene. This ,idea is alse  supported

by  the  fact that simultaneeus  
'degeneration

 of  both activities  of  a-amylase  and  protease
was  observed  in strain  AL222. Mutations  which  aflbct  productivities of  both a-amylase'

and  protease simultaneously  have been reported  in B. subtilis from several  laboratories.

One  of  them,  the amy  B  gene, controls  flagellation as  well  as  productivities ef  a-amylase

and  protease.i9> Similarly, the  Pop mutation,  which  stiTnulates  production of  a-amylase

and  protease simultaneeusly,  is lacking one  protein component  in its membrane  as  demon-

strated  by SDS  gel electrophoresis.20)  These genes are thought  to be related  to the

secretory  mechanism.  In strain  AL222, protein composition  of membrane  was  also

altered  in SDS  gel electropheresis  (unpublished resuks).  These.results imply  that  the

pretein synthesizing  site for extrttcellular  enzymes  is lecalized exclusively  in the  membranes.

    In this experiment,  incorporatiolt of  radioactive  amino  acids  inte the irnmunopre-

cipitate  was  taken  as  preof for in vitro synthesis  of  a-amylase,  because it was  diMcult to

detect enzymatic  activity  ofa-amylase  in the cell-free  product. So  it is uncertain  wh                                                                     ether

a  biologically active  enzyme  pretein as  well  as  fu11 protein chain  is synthesized  in this

reaction.  Hewever,  as  shown  in Table 1, more  than  15%  of  total incorperation by

membranes  ofstrain  KA-63  was  of  a-amylase  origin,  while  this value  decreased to one-tenth

in protein synthesized  by cytoplasmic  polysomes. This value  may  be accounted  for by

the  possibility that S-30 extract  contains  polysomes which  were  originally  beund  to the

membranesandreleasedduringthepreparationprocedure.  Furthermore,inthemembrane

system  ebtained  from cells  of  strain  KA-63  in the maximum  a-amylase  producing phase,
60%  of  the  total protein synthesized  in vitro  was  of  a-amylase.  These results  suggest  that

a-amy!ase  is synthesized  on  membrane-bound  polysomes and  that mRNA  specific  for
a-amylase  is accumulated  in the  membrane  fraction, escaping  from degradation in the

ceurse  of  cell  growth. 
'
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