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   Effects of  glucose, asparagine,  phosphate and  pH  on  streptomycin  (SM) formation
by Stttpten!),ces griseus HUT  6037 on  a  deiincd medlum  were  studied  in pH-stat batch

cultures.  SM  formatien occurred  in both the trophophase  and  the  idiophase at  pH  6.0

or  6.5, but tcrminatocl  at  the end  of  the  trqphophase  at  pH  7.e or  8.0. No  SM  formation

occurred  at  pH  9.0 due to  the lack of  cellular growth.  At the  optimum  pH  of  6.5, SM
accumulation  reached  225 mglt,  compared  with 70 at  pH  6.0, 50 at  pH  7.0 and  32 at

pH  8.0. At the optimum  pH,  glucose and  L-asparagine  but not  phosphate were  required

for eMcient  SM  formation in the  idiophase. When  phosphate  remained  at  the  end  ofthe

trophophase,  low SM  formation and  high cellular  growth  occurred.  Cellular 1ysis was

obeerved  on  glucose depl¢ tion, while  SM  formation continued.  L-Asparagine  seemcd

to act  as  an  amino  denor  for SM  biosynthesis, since  it stimulated  SM  formation when

supplied  in the  idiophase. The  decrease of  cel1  mass  was  not  prevented by L-asparagine.

  Knowledge  of  the regulatory  mechanisms

of  secondary  metabolism  is still limited com-

pared with  that  of  primary  metabolism,

This is restricting  technical  improvements
of  the production of  secondary  metabolites,

in contrast  with  the  achievements  in produc-
tion  of  such  primary  metabolites  as  amino

acids.

  In industrial production of  streptomycin

(SM) by Stmptoneyces griseus, complex  media

have been widely  uscd,  mainly  for reasons

of  economy.  However, defined media  are

convenlcnt  and  usefu1  for studying  the efllects

of  nutrients  on  SM  formation, since  levels of
chemical  ingtedients as  well  as  growth,
product  formation and  so  on  can  be monitored
during cultivation.

  From  this point of  view,  some  workers

have  used  defined rnedia  for SM  forma-
tion.i-S) A  defined medium  containing

asparagine  and  ammonium  sulfate  as  nitrogen
source  was  used  by Nimi  et at.3) in the study

ofstreptomycin  biosynthesis by S. griseus HUT
6037. They  suggested  that  SM  formation
on  the  asparagine-supplemented  medium

reached  almost  the  same  level as  on  cemplex

media.

  The  effbcts  of  phosphate  on  secondary

metabolite  formation have  been studied  by
many  workers,  and  are  reviewed  by Martin.4)
These  include changes  of  carbohydrate

catabolism,  inhibition of  antibiotic  precursor
formation, and  inhibition or  regulation  of

phosphatase. Miller and  Walker5) found
in SM  formation on  a  complex  medium,  that

phosphorylated streptomycin  (SMP) increas-
ed  with the  increase of  phosphate concentra-

tion. In these and  other  works5]6)  on  SM
formation by S. griseus, pH  was  not  controlled

during the  fermentation, in spite  of  its wide

variation  between 6.0 and  9.0, which  c4used

the increase of  SMP  formation particularly
at  acidic  pH.e)
  In this paper, the  effects  of  phosphate,
glucose and  asparagine  on  SM  formation by
S  grtseus on  a  defined medium  were  studied

in pH-stat batch culture.

Materials  and  Method$

 Microorganism  Stroptoimpes griseus HUT  60373)
usecl  was  given by Pro£  R. Nomi, Faculty of  Engineer-
ing, Hiroshima University.
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 Composition ef  media  The  Bennet's agar

medium?)  used  for stock  culture  was  cornposed  of

(gll, deionized water):  mannite,  10; Polypepton, 2;

meat  extract,  1; ycast extract,  1; MgS04'7H20,  5;

agar,  20. Initial pH  was  adjusted  to  7.0 with  NaOH
solution  befbre auteclaving.  The  complex  medium

used  for seed  culture  was  composed  of  (gTl, deionized
watcr):  glucose, 5; Polypepton, 4; meat  extract,  2;

yeast extract,  2; NaCl, 5; MgS04･7H20,  O.25. rnhial

pH  was  adjusted  to 7.0 with  NaOH  solution  bcfore
autoclaving.  Thc  defined mediumB}  usecl  for precul-
ture  was  cornposed  of  (gll, deionlzed water):  glucese,
25; L-asparagine･H20,  7; (NH4)2S04, 2; KzaS04,
6; KH2P04,  O.4; NaCl, 1; Caa03, 2; FeS04'7H20,
O.Ol; MgS04･7H20,  O.2; ZnS04･7H20,  O.05. Initia!

pH  was  adjusted  to 7.0 with  NaOH  solution  beibre
autoclaving.  Thc  same  defined medium  except  for

the  substitution  of  CaC12･2H20  (O.on gll) for aaCOs

(2.0gll) was  used  for SM  formation in femientor
experiments.  Initia! pH  was  acijusted  to 6.0 befoTc
autoelaving,  and  after  inoculation pH  was  controlled

at  thc desired value  between 6.0 and  9.0 wlth  a  pH-stat.

 Cultivation Onc  loopful of  aerial  mycelia  from

the agar  slant  was  inoculated into 1e rn1  ofseed  medium

in a  test tube  (20 × 2oo mrn>  and  cultivated  on  a  re-

ciprocal  shaker  (115rev.lmin, 7crn amplitude)  at

28eC for 36 h, A  2-ml portion of  the  broth was  inocu-

lated to IOOml  of  defined medium  in a  5oo-ml
Sakaguchi fiask. The fiask was  then  shaken  for 48h

on  a  shaker  (ll5rev.lmin, 7ciri amplitude).  To

reduce  the influence of  the residual  organic  materials

carried  over  ftom the  secd  medium  upon  SM  formation,

a  second  500-ml flask culture  was  carried  out.  This

cuLture  broth (30ml) was  used  as  the inoculum  for

fermentor experiments.

 A  2.6-l fermentor (MD  260, L. E. Marubishi Co.
Ltd., Tokye)  with  a  working  volume  of  1.5 l was  used.

Aeration ratc  and  agitation  rate  w ¢ rc  fixed at  1 vvm
and  5oo rpm  throughout  the cultivation  to maintaln  a

suMcient  oxygen  supply  in the  culture.  aulture tem-

perature was  maintaincd  at  28eC and  pH  was  main-

tained  at  a  level between 6.0 and  9.0.

  Analysis  Cell mass  was  measured  as  fo11ows:

10ml ef  culture  broth was  centrifUged  at  10,ooOxg

for 20min, and  the wet  celk  werc  washcd  twicc  with

deionized water  and  dried for 24 h  at  1050C. Glucose

concentration  was  analyzod  by the glucostat method.
The  conccntrations  of NH4-  and  P04S-  were  measuTed

by  the Nessler method  and  thc molybdenum  blue

method,  respectively.8)  The  concentration  of  aspara-

gine (L-Asn) was  determined with  an  amino  acid  ana-

lyzer CHitachi KLA-5,  Hitachi (]o. Ltd., Tokyo). SM
and  SMP  were  assayed  biologically by the agar  diMislon

method9)  with BeciUus  subtilis IFO  3134 as  the test

organism.  Dissolved oxygen  concentration  in the

[J. Ferrnent. Technol.,

culture  was  measured  with  an  oxygen  analyzer  (Type
RA,  Oriental Electric Co. Ltd., Tokyo).

       Results and  Discussien

  Effect of  pH  on  streptornycin  forma-

 tion  Figure 1 shows  a  typical time course

 of  SM  formation by S. griseus HUT  6037

 in a  defined medium  without pH  control.

 The  formation of  streptomycins  [streptomycin
 (SM> and  phosphorylated streptomycin

 (SMP)] was  associated  with  mycelial  growth
 on  the  defined medium,  in contrast  to the
, non-growth-associated  formation of  strepto-

 mycins  by S. griseus on  a  cornplex  rnedium.6)

 The  value  of  pH  fell to 6.0 with  the  start

 of  growth, then  gradually rose  to 8.5 at  the

 end  of  culture,  as  in the  case  of  S. griseus

 grown on  a  complex  medium.6)  Forrnation

 of  streptomycins  stopped  in the  rniddle  of  the

 growth phase, when  glucose and  asparagine

 remained  but phosphate had been exhamsted

 in the medium.  It appears  that  alkaline

 pH  above  a  critical  level (e.g. 7.5 at  48 h)

 may  have caused  cessation  of  formation of
         .

 streptomyclns.

  To  investigate the effbct  ofpH  en  the  forma-
 tion of  streptomycins,  five batch culturcs

 with  pH-stat were  carried  out  at  diflerent

 pHs  between 6.0 and  9.0. No  ccllular
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Fig. 1. Typical time  courses  of  formation of  strepto-

   mycins  by  Stmptom.vces griseus on  a  defined medium.
   pH  was  acljusted  to 7.0 initially and  was  not  con-

   trolled latcr.

   e, biomass; i, glucose; ", P[ =streptomycin  (SM)
   +phosphorylated  streptomycin(SMP)]  ; A,  P04'-;
   O, L-asparagine  <L-asn>
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Fig. 2.

   Stmptenp,ees grtseas on  a  defined medium.

   contro!led  at 6.0 (a), 6.5 (b), 7.0 {c) or

   Phosphate was  not  determined  in (c).          --

   assuTned  to bc  at  the timc  indicatod by
   1ine.
   e, biomass; A, glucose; ",

QSa4

 2a3"m'
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   Effect of  pH  on  formation of  streptomycins  by

                              pH  was

                              8.0 (d).

Thc  transition from  trophophase  to idiophasc was
                               broken

                   P[=streptomycin (SM)
+phosphorylated streptomycin(SMP)]  ; A,  P04S-

growth occurred  at  pH  9.0, and  the  results

obtained  in the  other  four runs  are  depicted
in Fig. 2. The  ccllular  growth  seemed  to

cease  when  phosphatc was  almost  completely

consumed  (phosphate was  not  determined
in Fig. 2-c) even  though  glucose, asparagine
and  NH4+  (not shown  in Fig. 2) remained

in the culture  broth. However, after  glucose
exhaustion,  cellular  lysis occurred  in all the

cases,  as  reported  by other  workers  fbr S.

gn'setts.io,ii) The  cellular  growth  yields
from glucose in the trophophase  were  O.28,
O.39, e.25 and  O.42 g of  cells/g  of  glucose at

pH  6.0, 6.5, 7.0 and  8.0, respectively.

  Formation of  streptomycins  was  greatly
affected  by pH. At pH  6.0 (Fig. 2-a) and

6.5 (Fig. 2-b), fbrmation of  streptomycins

occurred  in both the trophosphase  and  the

idiophase unti1  glucose was  almost  consumed,

whereas  at  pH  7.e (Fig. 2-c) and  8.0 (Fig.
2-d), it ,took place only  in the  trophophase.

Here, the  trophophase  and  idiophase cor-

respond  to the growth  phase until  the biomass
concentration  reached  its maxirnum  level,
and  thc  non-growth  phase. It is notable

that  formation ef  streptomycins  reached  a
maximum  of  225 mg/l  at  pH  6.5 at  the  end

of  the idiophase, three  times higher than  that

at  pH  6.0.

  To  further evaluate  thc efibct  of  pH  on

the  kinetics of  formation of  streptornycins,

the  amounts  of  streptomycins  formed  in the

trophophase  and  the  idiophase were  cal-

culated  from Fig. 2. Formation of  strepto-

mycins  per unit  biomass in the trophophase,

PTI(Xk-IYI), the  cellular  potential for
formation of  streptomycins  in the  idiophase,

(Pi-PT)/X;t, and  the ratio  of  SM  to

(SM+SMP) calculated  are  summarized  in
Table 1.

  The  Ievels of  growth-associated formation
of  streptomycins  in the  trophophase,  PTI

(Xm-X}), were  almost  the  same  at  pH  6.0,
6.5 and  7.0 but lower at  pH  8.0. However,
the eellular  potential of  formation of  streptor

Table  1. Efflect of  pH  on  forrnation of  streptomycins  by  Stropfonpmpes grisetts

   in batch culture  on  a  defined medium  (see Fig. 2).

pH
Xin1)(glt)PTs)(mgtl) Pts}(mgtt)SMP4)(mgll)

PTfi)Pt-PT6)SM7}

xin-&{mglg)h(mglg)SM+SM?
  (-)

6.06.57.08.03.84.74.37.34582so32  7e225

 50

 8

noS2oo ll.B17.5IL95.1 6.631.0o

 ge)

O.71O.861.oo1.oo

1}2}s)4)s)e)7}s)Biomass concentratien  at  the end  of trophophase.

(SM+SMP) at  the end  of  trophophase.

(SM+SMP)  at  the end  of  idiophase.
SMP  at thc cnd  ef  idiophase.
(SM+SMP)  yield for biomass in trophophase.  rnitial biomass concentration,
1(}, was  O.1 glt in cach  run.

Cellular potential of  formation of  streptomycins  in idiophase.
Ratio of  SM  to (SM+SMP) at  the end  of idiophase (= 1 -SMPIPi)･
Streptomyeins produced  in trophophase  were  degraded in idiophase (see Fig.
2.d).
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mycins  in the  idiophase, (PJ-PT)tXLt, was

remarkably  higher (31.0mg/g) at  pH  6.5
than  at  the  other  pHs. This suggested  that

pH  had  a  critical  efli:ct on  the formation of
streptornycins,  especially  in the idiophase.

  The  values  of  SM/(SM+SMP)  at  acidic

pHs  were  only  slightly  lower than  unity  on

this defined medium.  This is in contrast

with  the  sharp  decrease to O.2 on  the  cornplex

medium,6)  which  was  due  to inhibitien of

alkaline  phosphatase.
  Effbct of  initia! ratio  of  glucose to

phosphate  on  streptomycin  formation

To  examine  the  effects  of  glucose and  phos-

phate on  the formation of  streptomycins  at

a  constant  pH  of  6.5, initial glucose con-

centration  in the defined medium  was  varied

between 3.6 and  19.9g/l in the  presence of

a  fixed concentration  of  initial phosphate

(ca. O.3'g/t). The  results  observed  in fbur
batch cultures  are  shown  in Fig. 3.

  With the  highest glucose supply  (19.9
gll, Fig. 3-a), phosphate  was  completely

consumed  after  5eh  of  cultivation,  when

glucose and  asparagine  remained.  Cellular

growth  ceased  with  phosphate  exhaustion,

and  the  stationary  phase continued  until

glucose had been completely  consumed.

Thereafter, significant cellular lysis bcgan.

  With  the lowest supply  of  glucose <3,6 gll,

                                   '
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                              so al

                               oo
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       TlmreCh) Time(h) TlmeCh} Time{h)

Fig. 3. Effect of  initial ratio  of  glucosc te phosphate
   on  formation of  streptomycins  by Stroptoayces

   grisens en  a  defined medium  at  pH  6.5. The

   values  of  glucoselP04e- were  68.1 (a), 31,6 (b),
   22.6 (c) ancl  11.2 (d). (a) is the  same  as  Fig, 2-b.

   The transition ftom trophophase to idiophase

   was  assumed  to be at  the  time indicated by  broken

   line.
   e, biornass; A, glucose; ", P[=streptomycin  (SM)
    +phosphorylated streptomycin(SMP)l;  A, P04e-;

   O,  L-asparagine  (L-asn)

2.4-:(a)1 l{b)Cc),

=-"vtheoE9a

i{.l･ddd''MtI:I-

Il.

,IIl:ll--

lCd),:l1llll,

tF1
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Fig. 3--d), phosphate  remained  at  a  high level

(O.l2 g/t) when  glucose had been completely
consumed.  Although asparagine  was  not

determined in this run,  the results of  other

runs  indicate that  asparagine  might also

remain  up  to 60h  of  cultivation. After

glucose exhaustion,  gradual  cellular  lysis
occurred,  in contrast  to the  sharp  decrease
observed  in Fig. 3-a. Forrnation of  strepto-

mycins  was  very  low in the  idiophase.

  With  intermediate levels of  glucose (11.6
and  6.I g!l, Fig. 3-b  and  -c), glucose was

completely  consumed  in trophophase,  while

phosphate remained  at very  low levels (ca.
O.02 gt"n  Fig. 3-b and  ca.  O.05 in Fig. 3-c)
into the idiophase. The  trends of  cellular

growth and  !ysis, and  of  formation of  strepto-

mycins  in the idiophase were  similar  in both
cases,  although  maximum  biomass yield and

formatien of  streptomycins  depended on  the
initial level of  glucose.

  To  further clarilY  the  eflbct  of  phosphate
on  formation of  streptomycins,  the  cellular

potentials for streptomycin  formation in the
trophophase  and  the  idiophasc were  cal-

culated  from Fig. 3 (Table 2). Thc  fbrma-
tion  of  streptomycins  associated  with  growth
in the trophophase,  PT/(X--X}), decreased
with  the increase of  the initial ratio  of  glucose
to  phosphate, while  the biomass yield from

glucose increascd. The  formation ofstrepto-
mycins  in the  idiophase, (Pt-Pr)iXm, was

more  greatly affbcted  by  the  initial ratio  of

glucosetophosphate.  Themaximumforrna-

tion ofstreptomycins  in the  idiophase occurred

in the  absence  of  phosphate when  a  large
amount  of  glucose remained  in the idiophase

(Fig. 3-a), but little fbrmatien occurred  in

the  presence of  phosphate when  little glucose
remained  in the  idiophase (Fig. 3-d). It is
concluded  that  the balance of  initial phos-

phate level to glucose level in the  trophephqse

plays an  important role  in the  formation of
streptomycins,  particularly in the  idiophase.
Accordingly, in order  to give the cells  a  high
                                   .
potential for the formation of  streptomycins

in the  idiophase, phosphate should  be com-

pletely consumed  while  glucose should  re-

main  in the trophophase.
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Table 2. Effect of  initial ratio  of  glucosc to phosphate on  formation of  strcptomycins  and

   growth  of  Strtptempces grisetcs on  a  defined medium  at  pH  6.5 (see Fig. 3).

glucose2)Sfi)
 ST

(gtl) (gil)Xh,

 PT

(gtl) (mgll)
 Pi(mgtt)SMP (Ybr/s}T`)

(mgll) (gig)

PTPi-PT SM

Runi) phosphwnate
       (glg)

Xin-Xl  Xh  SM+SM?

(mglg) (mglg) (-)

(a)(b)(c)(d)ss.131.622.611.219.911.66,t'S.18.2ooo 4.65.33.32.38295377 22S167

 83

 14

32861 O.39O.45O.5SO.61l818113 3114143 O.86O.95O.93O.93

1}2}B)4){a), (b), (c) and  (d) correspond  to Fig. 3-a, -b, -c and  -d.

Initial ratio  of  glucose to phosphate (=StlP043-). ?04S-  was  O.29 (a), O.37 (b), O.27 (c) and  O.32

gti (d).Initia1
 concentration  of  glucose.

aellular growth  yield for glucose at  the end  of  trophophase.

Other  trm  are  the  same  as  in Table 1 and  initial eoncentration  of  biomass, M, was  fixed at  O.1 gtt.

  The  fraction of  SM  in total streptomycins,

i.e., SMI(SM+SMP),  was  not  appreciably

aflbcted  by the  initial ratio  of  phosphate/
glucose. This fraction was  between  O.86

and  O.95, in contrast  to the  marked  variation

on  the  complex  medium.s)

  Effbct of  asparagine  on  streptomycin

formation  As observed  in Fig. 3-b  and

-c, the formation of  streptomycins  continued

after  depletion of  glucose at  the  expense  of

asparagine.  These results  suggested  that
asparagine  played a  role  in the formation of
streptomycins  in this phase. To  confirm  the

role  of  asparagine,  twe  batch cultures  with

initial asparagine  concentration  of  3 gll were

conducted  either  with  or  without  an  addition-

al asparagine  supplement  just before glucose
was  completely  consumed.  The  results  are

     :-2 coO?                               4-
     o =
     v m
     e v

     g,i 
i

℃
g'

 :ts
          TimeCh) Tltne(hl TlmeCh)

Fig. 4. Effect of  L-asparagine  on  formation of strepto-

   mycins  by St,opton!7ees grisetts on  a  defined rnedium

   at  pH  6.5. Initial,basparagine was  3.0git (a and
   b) or  6.8gll (c). In (b) 5g  t-asparagine  was

   added  at  38 h. (c} is the same  as  Fig. 3-b.
   e, biomass; i, glucose; ", P[=streptomycin  (SM)
   +phosphorylated streptomycin(SMP)  ] ; A, P04S-  ;

   O, L-asparagine  (L-asn)

Ata)-B:ns :r[l: {b)T::+LCc)11:I

Ab1: iL :l

:
L,:. I1.,1

o40eotoeaocoeo

depicted in Fig. 4, in which  Fig. 3-b  is
reused  as  the control  (Fig. 

tFc).
 In Fig. 4-c,

ca.  3.5 g/l of  asparagine  remained  when  glu-
cose  was  almost  completely  consumed,  and

during the  idiophase cellular  lysis started

and  the  residual  asparagine  was  gradually
consumed  with  a  littie further formation of
         .

streptomyclns.

  In Fig. 4-a, a  small  amount  (ca. O.7 glD of
asparagine  remained  when  glucose was  com-

pletely consumed.  In the idiophase no  more

streptomycins  were  formed. However,  in

the  Fig. t--b,
 whcn  5g  of  asparagine  was

additionally  supplied  after  38 h of  cultivation,

just before complete  glucosc consumption,

it is noteworthy  that formation of  strepto-

mycins  continued  similarly  as  in Fig. (Fe.

  This suggests  that  asparagine  in the culture
medium  might  play a  role  in the formation
of  streptomycins  in the  idiophase whether

glucose remains  (Fig. 3-a) or  not  (Fig. 3-b,
-c and  Fig. 4-b). This observation  might

be rclated  to the role  of  glutamine, which

enhanced  thc formation of  streptomycins  as

amino-group  donor for the aminotransfer

from glutamine  to streptomycin.ia)

Asparagine did not  prevent cellular  lysis
after  glucose had been completely  consumed,

  It is concluded  that the eMcient  formation
of  streptomycins  by S. griseus can  be achieved
in a  defined medium  by adjusting  pH  to

6.5 and  selecting  a  culture  medium  in which

phosphate is consumed  first in the tropho-
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phase while  both glucose and  asparagine

remain.  Glucose is also  effective  for pre-
venting  cellular  lysis and  consequently  prcr
longing the  formation of  streptomycins  in
the  idiophase. L-Asparagine  is necessary

for the  formation of  streptomycins.  In fact,
remaining  glucose alone  did not  support  the

formarion of  streptomycins  with6ut  aspara-

gine (data not  shown).
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