
The Society for Bioscience and Bioengineering, Japan

NII-Electronic Library Service

The  Society  forBioscience  andBioengineering,  Japan

[J. Ferment. Technol,, Vol, 61, No. 4, p. 347-351, 1983]

Ribosomal Resistance to

   from Protoplasts of  a

            Derived from

Streptomycin in Strains Regenerated
Streptomycin-Susceptible Mutant
a  Streptomycin Producer

 MAsANoRI  SuGIyAMA., TAKAYuKI  KAToH,  HIRosHI  MocHIzuKI,
            OsAMu  NiMi, and  RyosAKv  NoMi

Dopartment
 of' Flermentatien 71echnotaev, FZtcuity ofEVrgineerittg, Hiroshima Uhiiet,sitx,

             Skijo-cho, Higashi-Hiroshima 72I, Japan

   
Whcn

 protoplasts of  streptomycin-sensitive  Stmptonv,ces griseus KSN  were  regenerated

to
 
the

 
mycelial

 
form,

 streptomycin-resistant  cultures  appeared  at  a  high frequency
(approximately 1%).  The  resistance  rnechanism  of  these regenerated  cultures  was

different from  that  of  ancestral  streptomycin-producing  Streptompces griseus HUT  6037,
frem

 
which

 
the

 parent S. grisetLs KSN  was  derived. While thc resistance  to streptomycin
of

 S. grisetff HUT  6037 was  due  mainly  to streptomycin-phosphorylating  activity  of

         6-kinase produced  in the cells,  the streptomycin-resistant  cultures  re-
streptomycln

generated from  protoplasts produced  no  strcptomycin  6-ldnase but the ribesomes  changed

and
 bccamc  resistant  to streptomycin.  In highly streptemycin-resistant  cultures  re-

generated,  
one

 of  the  30S ribosomal  proteins was  altered  in electrophoretic  mobility  as
compared  to thc corresponding  protein ofS.  grisetts KSN,

  We  reported  previously that  while  the
ribosomes  of  a  streptomycin  (SM) producer
were  substantially  susceptible  to its own

antibiotic  product, the  protein-synthesizing
system  courd  be protected from the  lethal
eflect  of  SM  as a  result  of  inactivation of  the

drug by SM  6-kinase.i-4) Not  only  did the
phosphate  ester  of  SM  not  inhibit protein
synthesis,4}  but also  the ribosome-bound  SM
was  liberated by phosphorylation with  SM
6-kinase.3} An  SM  6-kinase-defective mu-

tant, S. griseus KSN,  isolatcd from SM-
producing  S. gn'seus HUT  6037, was  in fact
susceptible  to SM  and  this character  never

changed  on  successive  transfer of  the culture.

  In the  present study,  it was  shown  that

when  protoplasts from S. grisetts KSN  were

regenerated  to the mycelial  form, SM-
resistant  colonies  appeared  at  the  high fre-
quency  of  approximately  1%.  Although
these  colonies  did not  produce  SM  6-kinase
Iike the  parent KSN,  their ribesomes  changed

and  became  resistant  to SM.  These strains

seem  to be the first ribosomal  mutants  obtain-

ed  for the  Streptomycetes.

         Materhls  and  Methods

  Microorganisms  SM-producing  Stmptonlyees
griseas HUT  6037  and  SM-non-producing  S. griseus
KSN  derived from HUT  6037  were  used.  The  Iatter
strain  did not  produce  SM  6-kinase and  was  susceptible

to SM2,s)

  Medium  FB  medium  consistcd  of  1%  fructese,
O.2%  Polypepton, O.1%  yeast  extract,  O,1%  meat

extraet
 and  2%  agar,  pH  7.0. P  medium  for washing

protoplasts and  R2  medium  for regeneration  of  proto-
plasts to the mycelial  form  were  prepared according  to
the

 methods  of  Okanishi et at.5) except  that Tris/HCI

(pH 7.2) was  used  in placc ef  TES  bufler (pH 7.2).

  Protoplast  formation  and  regeneration  of

protoplasts  to  mycelium  S. gn'setts KSN  was

grown  in 1%  glucose-meat extract-peptone  (GMP)
mediuma)  supplemented  with O.6% glycine at  28"C.
A  50 ml  portion  ef  the culture  brQth at  the  transicnt

growth  phase  was  ccntrifuged  at  2200  xg  for 6 min  at

4qa. The  harvested mycelium  was  washed  twice  
with

20 ml  ofSES  solution  [O.3 M  sucrose,  O.1 M  EDTA-Na2.
2HaO  and  O.15 M  NaCl,  pH  8,O], suspendcd  in 10 ml
of  the  same  solution  and  then  mixed  with  5 ml  of  lyso-
zymc  solution  [2e mg  lysozymc (Sigma no,  6876) per
ml  of  SES  solution].  Thc  suspension  was  incubated
for 3e to 60 mfn  at  S20C with  gentle  shaking.  When
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formation of  protoplasts could  be microscopically  con-

firmed, thc  suspensien  was  filtered through  cotton  wool,

and  then  through  a  3pm  Nuclepore filter. A  4ml

portion of  the filtrate was  ccntrifuged  at  4530xg  for
15min  at  4eC, The  resulting  pellets were  washed

twice  with  2 ml  P  mcdium  by  centrifugation  at  1700 xg

for 6 to 10 min  at  40C and  then suspendcd  in 1 ml  of

the  same  mediurn.  A  O.2 Tnl  portion of  this protoplast
suspension  was  spread  on  R2  medium,  fo11owed by

incubation for 3 to 5 days at  28eC.
 Selection of  SM-resistant  colonies  Colonies

which  appeared  on  R2  meclium  were  transferred  on  FB
medium  by  random  seleetion.  After incubation at

280C, the  grown  colenies  were  examined  for SM  re-

sistance  by replica-plating  en  F:B medium  supplernented

with  50 pgtml  ofSM,  The  SM-resistant straims  obtain-

ed  were  examined  for the  maximal  SM  concentration

which  permitted  normal  growth, and  then  for product-
ivities of  SM  and  SM  6-kinase.

 Preparation  of  ribosornes  and  S-150 fuctions,
assays  of  polyphenylalanine  synthesis  in vitro

and  SM  6-kinase  in cell-free  extracts,  and  binding

of  [3HJdihyd:ostreptomycin to  ribosomes

These were  al]  perforrned by  thc same  methods  as

described previously.3)

 Two-(limensional  electrophoretic  analysis  of

ribosornal prQteins  The  ribosomal  proteins were

extracted  according  to the methed  of  Hardy  et at.7)

Two-dimensional  pelyacrylamide gel electrophoresis

of  the  ribosomal  proteins was  pcrfbrmed  according

to the method  of  Kakschmidt  and  Wittmann.e} The

gel was  stained  with  O.2% Coomassic Brilliant Blue in

10%  acetic acid-30%  ethanel  solutlon,  fo11owed by
dcstaining.

       Results and  Discussion

  SM  resistance  induced  by  regenera-

tion  of  protoplasts to  mycelium  Pro-
toplasts pepared from  mycelium  of  SM-
susceptible  S. griseus KSN  were  spread  on  the

R2medium.  Fromamongnumerouscoloni-
es regenerated,  1325 colonies  were  randomly

selected  and  examined  for the  resistance  to

50ng/ml  of  SM.  Twelve  colonies  (O.9×
10L2) were  found to  be resistant.  On  the

other  hand, when  3 × 105 spores  of  S. griseus
KSN  were  spread  on  FB  medium  containing

50ptg/ml of  SM,  on!y  2 resistant colonies

(6.7× 10r6) appeared.  These results  seemed

to  indicate that regeneration  of  protoplasts
to the  mycelial  form  gave  rise  to  spontaneous

mutation  with  a  high frequency. Ten  cul-

tures selected  from  the  above  twelve  were

Table 1. SMresistance in strains  obtained  by regene-
   ration  of  protoplasts from  S. griseus KSN.

    strain 
Levei

 
ofigl)T.Issistanee

                 vr-=                                 L
HUT  6037

KSNPSR-1PSR-2PSR.3PSR-4PSR-5PSR+6PSR-7PSR.8PSR-9PSR.10

 200<
 20

 230
 S50 ･

 l80

 180

 3oo

  75

 120
 1oo

 1co
 l20

named  S. grisetLs PSR-1  to IO, and  examined

for the maximal  SM  concentration  which

permitted normai  growth. A]so SM  and

SM  6-kinase productivities of  the  PSR

strains  were  determined. As shown  in Table
I, the  SM-toleranc¢ s of  PSR  strains  were

350  to 75 pglml, whereas  the  SM-tolerances
of  S. griseus KSN  and  HUT  6037 were  1ess

than  20 nglml  and  200 pg/m], respectively.

None  of  the PSR  strains  produced SM  or

SM  6-kinase.

  Influence of  SM  on  cell-free  protein
synthesis  of  PSR  strains  The  extents

of  inhibitien by SM  of  polyphenylalanine
synthesis  in cell-free  extracts  were  examined

using  four PSR  strains  <PSR-1, PSR-2,

PSR-4  and  PSR-5) and  compared  with

those  of  HUT  6037 and  KSN.  Polyphenyl-
alanine  synthesis  in PSR-2,  PSR-5  and  HUT
6037 was  not  inhibited by O.5 ptg/ml of  SM,
whereas  the  synthesis  in KSN  was  strongly

inhibited by the  same  concentration  of  SM

(Fig. 1). Strains PSR-1 and  PSR-4  showed

an  intermediate pattern of  SM  inhibition
between those  of  HUT  6037 and  KSN.

  Binding  of  [3H]dihydrostreptomycin
to  ribosomes  of  PSR  strains  To  eluci-

date the  mechanism  of  SM  resistance  in
PSR  strains,  the  aMnity  of  ribosomes  for

[SH]dihydrostreptomycin ([3H]DSM) was

determined. While about  O.7pmol of  [SH]-
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Fig. 1. Inhibition of  polyphenylalanine synthesis  by
   SM  in in vitro protein-synthesizing systems  pre-
   pared from  HUT  6037, KSN  and  PSR  strains.

   The  inhibition (%) with  a  given conceritration

   of  SM  was  expressed  as  thc  ratio  of  the  reduccd

   amount  of  po]yphenylalanine synthesis  to that

   synthesizcd  in the  respective  SM-free reaction

   mixture. Ribosomes  (60pg) and  the S-150
   fraction (2tK) "g  as  protein) from  late exponential
   phasc cells  were  used.  Symbols:  KSN  (i), HUT
   6037 (O), PSR-1 (e), PSR-2  (o), PSR-4  (A) and
   PSR-5  (1>.

DSM  bound  to I pmal of  ribosomes  from the
KSN  strain,  no  binding was  observed  with

the  ribosomes  from PSR-2 and  PSR-5 (Fig. 2) .
Ribosomes  from PSR-I  and  PSR-4  showed

approximately  30 and  70%  aMnity  for

 8
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Fig. 2. Binding of  [MH]DSM to ribosomcs  isotated
   from KSN  and  PSR  strains.

   Ribosomes from late exponential  phase cells  were

   used.  The  reaction  mixtures  were  made  up  ef

   50mM  Tris-HCI  (pH 7.65), l6mM  magnesium

   acetate,  77.IPmol  ribosornes,  695pmol  [3H]-
   DSM  (1.8 Cilmmol)  and  thc  indicated concentra-

   tions of  potassium chloride.  Since the binding
   afiinity  of  ribosomes  for [SH]DSM is afflected  by

   monovalent  cations  such  as  K+  and  NH4+,iO)
   the  binding was  examined  with  various  conceritra-

   tionsofpotassiumchloride.  Thereactionmixtures

   were  incubated at  28ea  for 20 min.  The  symbols

   are  the  same  as  Fig. 1.

[sH]DSM, respectively,  as  compared  with  the
ribosomes  from KSN.  These  results  show

that  the ribosomes  from PSR  strains  are  more

resistant  to SM  than  those  from KSN.
  Ribosomal  resistance  of  PSR  strains

In order  to confirm  the  ribosomal  resistance

of  PSR  strains  (PSR-l, PSR-2, PSR-4  and

PSR-5),  hybrid protein-synthesizing systems

were  prepared frem  the  ribosomes  of  PSR
strains  and  the  S-150 fraction from  KSN

                                  )

and  the inhibition of  protein synthesis  by
SM  was  determined. Since strain  KSN
does not  produce SM  6-kinase, the  degree of

inhibition wi11 depend on  SM  susceptibility

of  the  ribosomes  used.  The  ribosomes  from
S, griseas HUT  6037  and  KSN  were  used  as

references.  The  influence of  SM  on  poly-
phenylalanine synthesis  with  the  hybrid
systems  is shown  in Fig. 3. The  ribosomes

of  HUT  6037 and  KSN  are  susceptible  to
SM,i"3) so  the  polyphenylalanine synthosis

was  inhibited by SM.  However, the  ribo-

somes  of  PSR-2  and  PSR-5  were  resistant  to
SM,  because no  inhibition of  polyphenyl-
alanine  synthesis  was  observed.  In the  case

of  PSR-l and  PSR-4,  the  inhibition  was

significantly  lower than  that  of  HUT  6037.
These results  seemed  to indicate that  the

regeneration  of  protoplasts gave rise  to muta-

tion  in ribosomal  resistance  to SM.

  60

H  "eg1i

 20:to
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Fig. 3. Inhibition of  in vitro polyphenylalanine syn-

   thesis by  SM  in hybrid systcm3  prepared  from
   ribosemes of  PSR  strains  and  the  S-l50 fraction
   from  S. griseus KSN.
   Ribosomes  of  HUT  6e37 and  KSN  strains  

were

   used  as  referenee.  The inhibition (%) by  SM  was

   expressed  as  in Fig. 1. Ribosomes  <60ng) and

   the S-l50 fraction (240 pg  as  protein)  from late
   exponential  phase cells  were  used.  Ribosomes

   from  KSN,  HUT  6037, PSR-1  , PSR-2,  PSR-4  and

   PSR-5  strains  arc  indicated by the same  symbols

   as  in Fig. 1.
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Fig 4 Twc}-dunensiond  pe!yELt.rylamsdie ged electro-

   phoresis of  tlie 70S nbesomal  pa)tems  from XSN
   and  PSR  stratns

   The  arrow  mdicates  th¢  protein shifted  to the  left

   as  ee{r)pared  to the oerrespor}ding  protetn ftorn S

   gris#us KSN

  Analysis of  nbosomal  proteins  £rom

PSR  strains  Pesszble mutatiomai  altex-

ation  of  ribesoma2  preteins of  P$R-2  and

PSR-5  were  exammex1  by  two-dlmeng}enal

gel electrmphoresi$  The  results  are  shown

m  Fig 4 One  of  the 70S ribosoma!  proteins
from S graseus ?SR-2  arid  PSR-5  seerned  te
be alterect  in elect!ophoretic  mobinty  ats

compared  with  that o £ S gnseas KSN  To

Flg 5 
'I'sifc}-d;mcnsifmal

 pelvacrvlam;de gel electro-

   phQresis nf a  mwciurwo  at t}K 70S nbesomal  pretcins
   from  ts- o  $trulms

   Rzbosome$  ftom  S grisetts PSR-2  oi  PSR-5  were

   mtxed  with  some  from S. gTasvras KSN  and  sul}1trttcd

   toco-electrephovegfs  [ErliearrowiiNlicatestheptx}-

   teen  ftom  S graseas PSR-2  or  ?SR-5  which  wa$

   shEfted  ta the  lwh m  elcctrqphoretic  mobzlzty  a$

   cornpared  with  the  ccyrresp"ndmg  protein from

   S. gnsews KSN

cenfinm  the above  alteratien, the  7eS ribo-

somal  protems  ef  S  gesens KSN  and  ?SR-2,
or  S  grmats KSN  dind  ?SR-5  w ¢ ie  mmed  and

ce-electrophoresed  Figur¢  5 shewg  that

onc  ef  the 7eS  riboserrxal  proteins Qf  ?SR-2
was  Llearly  shifted  frorn the cerre$pQndmg

protetn of  KSN  Thrs  is aitso the  case  ibr
PSR-5  In addition,  the samae  p;otem was

aliered  m  S. grmscas PSR-2  and  ?SR-5

Eleetrephoretie analy$rs  of  the 3eS nbosomal

pretems frem  S  grtseus I{UT  6g37 mdicated
that  the a;tered  protem belonged te the  30S
subur;xt  (F!g 6)
  For  Eschanchxa cotx, several  S"E-resthtant
mutants  have  been examined  as  to a!teration

ef  pTotexn components  of  the 3g$ ribosomal

subumt  an[I  SI2 tlxe pretein wafi  fbultd to

be alteiedL ") The  above  S  gmseas rxbosomal
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Fig. 6. T'-ro-dimensiortal polyacrylamide gel elmo
  phoresis of the 30S ribosoma1 proteins ftom  S.

  grimas HUT  ooS7.

  [lze protedn indicatod by  the arrow  corresponds  to

  that  in Figs 4 and  5.

protein may  therefore correspond  to thc  S12

protein in E. cati. 
'

 The  results  obtained  here seem  to be the
first case  of  ribosornal mutants  in the Strepto-
mycctes.
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