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   The  effbcts of  twelve  quaternary ammonium  iodides, synthesized  as  plant growth
retardants,  on  the biosynthesis of  gibberellins in the culture  of  Gibberella .fiijrkttrei were

investigated. Of  the two  compounds  with  the strongest  growth-retarding activity,

IV;2V;2V･trimethyl-1-methyl-(3',3',5'-trimethylcyclohexyl)-2-propenyl ammonium  iodide
(1) was  found to inhibit the biosynthesis, whiIe  2V]2V]IV:trirnethyl-1-methyl-(3',3',5',5'-
tetramethylcyclohexyl)-2-propenyl  ammonium  iedide (2) was  not.  The results  on

examination  of  the  twelve  analogues  indicate that  their plant growth-retarding activity
is net  related  to the inhibition of  gibberellin biosynthesis.
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   We  have previously reported  the  syntheses  of  new  quaternary  ammonium

iodides as  plant growth retardants  (1). The  synthesized  compounds,  1-12  shown  in
Fig. 1, are  structurally  re]ated  to the  growth  retardant,  13, obtained  by  Haruta  et  al.

(3) and  showed  potent growth  retarding  activities  in rice  and  cucumber  seedlings.

   The  known  synthetic  plant growth retardants  such  as  AMO-l618  and  CCC
have been found to inhibit GA  biosynthesis in the  culture  of  Cibberella 

.fiijikuorui
 and

in the  eell-free  preparations of  certain  plants (5). Thus, the  retardants  are  cen-

sidered  to suppress  plant growth by inhibiting the  endogeneous  GA  biosynthesis (5).
Recently, Hedden  et al. reported  that  the grgwth retardant,  13, also  inhibits the  GA
biosynthesis in G. 

.fnjikurei
 by blocking the  pathway  between rnevalonate  and  ent-

kaur-16-ene (4).
   We  investigated the  efllects ofour  synthetic  compounds  1--12 on  GA  biosynthesis
in the  culture  of  G, liciikuroi by analyzing  the  GA  production. In this paper, we

describe the  results  and  the  relationship  between  their plant growth-retarcling and
GA  biosynthesis-inhibiting activities.

Materials and  methods

&tlture conditt'ens

   G..fiijikuroi (NRRL strain)  was  grown  in a  200-ml conical  flask containing  40 ml

   Abbreviations: AMO-1618,  2'-isopropyl-4'-(trimethylammonium chloride)-5'-methylphenyl-

piperidine-1'-carboxylate; CCC,  (2-chloroethyl)trimethylammenium chloride;  GA,  gibberellins;
GAi, gibberellin Ai; GA3,  gibberellin A3; Me  TMS-, methyl  estcr  trimethylsily]-,
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Fig. 1. Structitres ofeuaternany ammonium  iodides.
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ofICI  40%-N  medium  (2) a't 270C under  reciprocal'shaking  (lst culture).･  After

3 days, a  O.8-ml portion of  the  culture  was  transferred to a  200-ml c'onical  flask

containing  40 ml  of  the  same  medium  and  cultivated  for 3 days under  the  same

conditions  as  above  (2nd culture).  The  mycelia  were  ,collected by  filtration,

washed  three  times  with  25 ml  each  of  ICI O%-N  medium  (2) then  cut  into four

pieces. Each piece of  mycelium  was  resuspended  in 10 ml  of  ICI O%-N  medium

and  cultivated  in a  test tube  (2.4× 20 cm)  at  280C for 2 days under  shaking  (3rd
culture).  Each  ammonium  iodide was  dissolved in 70%  ethanol  in definite con-

centrations,  and  1OO pl ofthe  solution  was  added  to the culture  medium  ofthe  2nd

and  3rd cultures  or  the 2nd culture  only  prior to inoculation. To  the  reference

cu]ture,  100 pt1 of  70%  ethanol  was  added.  Every  experiment  was  run  with  two

independent cultures  and  each  result  represents  the  average  value.

Extraction ofaci-dic metabotites

    Two  cultures  of  the  3rd culture  under  the same  conditions  were  combined  and

filtered. The  mycelia  were  dried at  1000C  fbr 3 hr and  weighed  to find the  eflects

on  the  growth. The culture  filtrate was  cembined  with  25 ml  ofsaturated  NaHC03

solution  and  washed  with  ethyl  acetate  (2 × 30 ml).  The  aqueous  layer was  acidified

to pH  2.5 with  dil. HCI  and  extracted  with  ethyl  acetate  (3× 30 ml). The  organic

extract  was  dried over  anhydreus  Na2S04  and  evaporated.  The  residue  was  dis-

solved  in 2 ml  of  methanol  then  the GA  content  was  determined.
                                     `

(Zuantitative analyses  of CA  production
a)  Gas chromatography.  A  portion of  each  acidic  extract  (100 ps1 of  the  above

methanol  solution)  was  converted  to methyl  esters  with  diazomethane in ethyl  ether

solution.  After evaporation  of  the solvent,  the  residue  was  dried completely  then

treated  with  10ptl of  N]O-bis-trimethylsilyl acetamide  and  5pt1 of  trimethylsilyl-

chloride  in 10 pl of  dry pyridine for 5 min  giving rnethyl  ester  trimethylsilyl  (Me
TMS)  derivatives. The  reaction  mixture  was  directly subjected  tQ gas chromato-

graphic analysis  on  a  silanized  glass column  (200 × O.4 cm)  packed with  2%  OV-1  on
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Chromosorb WAW  (80-1OO mesh)  at  2300C with  N2  gas at  a  fiow rate  of  75 mllmin

using  a  Shimadzu GC-4BPF  gas chromatograph  equipped  with a hydrogen flame
ionizing detector. Under  these  conditions,  the  extract  of  the  reference  culture

gave an  easily  detectable peak of  Me  TMS-GAi  or  -GA3  with  a  retentien  time  of
around  4 min,  The  quantity of  GA  was  estimated  by calculation  from  the  area  of

the  peak using  a  calibration  curve  obtained  from  a  1 : 1 mixture  of  authentic  Me
TMS-GAi  and  -GA3.

b) Bioassay. The  amount  of  biologically active  GA  in the  acidic  extracts  was

determined by bioassay using  dwarf  rice  seedlings  (Orvga sativa  L. cv  Tan-ginbozu)
according  to Murakami's  microdrop  method  (6). Each  methanol  selution  of  the
acidic  extract  was  diluted (1110-1/200) with  acetone-water  (1 :1),  and  1 ps1 of  the

solution  was  applied  to each  seedling.  After 3 days of  growth under  fiuorescent
light at  30eC, the  length of  second  leaf sheath  was  measured.  The  amount  of

biologically active  GA  was  estimated  as  the  GA3  equivalent.

                               Results

    In a  preliminary experiment,  the  efTbct  of  the known  growth retardant  CCC
on  the  culture  ofG.juJ"ikuroi  was  examined.  As shown  in Table 1, when  it was  added

enly  to the  medium  of  the  3rd culture,  the  amounts  of  GA  detected were  3-11%  of

those  ofthe  reference  culture.  Complete  inhibition ofGA  biosynthesls was  observed

when  the  fungus was  pre-treated with  CCC  in the 2nd  culture.  These facts indicate
that the  mycelia  grown suMciently  without  the  inhibitor retain  their ability  ef  GA
biosynthesis in the  presence ofCCC.  On  the  other  hand,  the  fungus treated  with

the  inhibitor in the  2nd culture  did net  produce GA  in the  3rd culture  even  without

CCC  addition.

    In each  experiment  with  the  quaternary ammonium  iodides of  1-13, the com-
pound  was  added  to the  medium  ofthe  2nd culture  and  the  3rd cultures  were  carried

out  with  or  without  an  addition  of  the  same  concentration.  The  results  are  shown

in Tables 2 and  3. In every  culture,  the  pH  value  ranging  between 3.4-3.9 was  not

influenced by the  addition  of  the  compound.  The  weight  of  the  dried mycelia

grown  in the  3rd culture  was  almost  the  same  as  that  of  the  reference  culture,  indi-
cating  that  all the  tested  compounds  did not  aflbct growth. The  amounts  of  GA  in
the  acidic  extract  of  each  culture,  estimated  by gas chromatography  were  similar  to

Table 1 liVbct of CCC  on  GA  bioopmthesis in G. ftijikuroi

Concentration ef  CCC  (ppm)
2nd culture 3rd culture

Amount  Df  GA"  in
   3rd culture

 (% of  control)

oo100100100 100lo100

 10

 o

3- 510-11<1<1<1

"
 Estimated by  gas chromatography･
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Table  2

                      K.  Y.  Cho  et  al.
                                            ,

GA  Production in the eulttcre ofG. fiijikuroi tvith  aclditien  ofg:tatenzary ammonitt,n  iodides

Concentration (ppm)
Compound in 2ndculturein Srdculture

Dry  weight

of  mycelia  
"

  (mg)

GA  amount  in 3rd culture
    (% of  contro!)

By  GcbBy  bioassay C

1

2

3

4

5

6

7

8

g

10

11

12

13

100
 10100

 10IOO

 10100

 10100

 10100

 IO1oo

 10100

 10100

 101oo

 10100

 101oo

 10]oo

 lo

100
 10100

 IO100

 10loo

 IO100

 10100･

 101oo

 10100

 10100

 IO100

 10100

 10100

 101oo

 10

205198･192172185172188173

 -d213

217197169195196192196175186187187178205198191

 5rt89'83

 4123979

 618

 5194110278107

 7
 10
 962

 o
 o

 o
 o

 5
 11

 7
 96188

 1
 62747

 538

 2
 13241284363

 10
 18

 12
 70

 o
 2
 1
 2

 5
 16

a
 Weight  per 10 ml  of  3rd culture.  In the reference  eulture,  182± 15.5 mg.
b
 Estimated by  gas chromatography.  In the reference  culture  as  a  control,  731±70.6"gllOml

culture.C

 Estimated by  bioassay. In the reference  culture  as a  control,  928± 236.5pgllO  ml  culture.

d
 Not  measured.

those  ebtained  by bioassay. This showed  that  the  fungus produced mainly  GAi or

GA3  as  biologieally active  GA  in every  case.

    With  addition  of  compound  1, 3, 5, 6 or  9 to each  medium  of  the  2nd and  3rd

culture  (Table 2), GA  production  decreased to 4-7%  of  the  reference.  This indi-

cates  that  these  cempounds  strongly  inhibit GA  biosynthesis. Their activities  were

cemparable  to that of  13 which  showed  the  same  result  as  that  reported  by Hedden

et  al. (4). Compounds  11 and  12 composed  of  simple  cyclohexane  derivatives,

completely  inhibited the  biosynthesis even  at  a  concentration  of  10 pprn.

    On  the  other  hand, compounds  4, 7 and  10 only  weakly  inhibited the  biosynthe-

sis; at  the  concentration  of  IO ppm,  GA  was  produced in almost  the  same  range  as

the reference.  Compounds  2 and  8 showed  little eflect  on  the  biosynthesis even  at

the  concentration  of  100 ppm.
    When  the 3rd culture  was  carried  eut  without  the addition  of  the  test compound

(Table 3), the  mycelia  produced  almost  the  same  amount  of  GA  as  the  reference
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Table 3 GA  preduction in the culture  of G. flijikuroi Pre-treated tei'th euaternary ammonittm  iodides

Compound
Concentration (ppm)
in 2ndculture in 3rdculture

Dry  weight

of  mycelia  
a

  (mg)

GA  amount  in 3rd culture
    (% of  control)

By  GcbBy  bioassay C

1

2

3

4

5

6

7

8

9

10

11

12

13

100
 10100

 !o100

 10100

 10100

 101oo

 10IOO

 10100

 IO100

 10100

 10100

 10IOO

 10100

 IO

ooooooooooooo'ooooooooooooot74185184191183195180182194161177-d165177198198183180178192194l79187l74204194

.

83
 B891919696I0511187948796114I0810110186916596

 64135co8788

115106

 75
 82
 62111

 78206

 7i
 84133100eo8710084701218791

 115670III8161

See  Table  2 fbotnotes.

except  in the  cases  of  11 and  12. This observation  suggests  that  the  inhibitory
efllects  of1,  3, 5, 6, 9 and  13 are  diflerent from that  ofCCC  shown  in Tabre 1. 0n
the other  hand, GA  production of  the  mycelia  once  treated  with  11 or  12 decreased
similarly  to the  case  of  CCC.

Discussion

    The  growth  retardants  of  quaternary  ammonium  ioclides were  tbund un-

expectedly  to behave diflbrently in their eflbcts  on  GA  biosynthesis in the culture  of

G. .fiej'ikuroi.  The  synthesized  analogues  were  classified  into two  types:  one  with

a  strong  activity  for inhibiting the  biosynthesis and  the  other  with  little activity.

No  structure-activity  relationships  could  be deduced between these  types. More-
over,  compounds  1, 3, 5, 6, 9 and  13 inhibited GA  biosynthesis in a  difflerent manner

from that of  11, 12 and  CCC,  since  mycelia  pre-treated with  the former recovered
their ability  of  GA  biosynthesis (Table 3).
    As  reported  previously (1), every  compound  described here suppressed  the

growth  of  rice  seedlings  to 50%  of  the control  at  the concentration  of  60 ppm,  and  no

difTbrences could  be observed  between their activities.  On  the  other  hand, each
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                    se  soo so  )oo

Cornpound Growth  of  cucumber  seedling$g  Production of GA in g. fL!til!s!!! giikuroih
               (% to control)  (%  to control)

Fig. 2. Cbmparison ofplant groteth-retarding and  GA  bieEynthesis-inhibiting actim'ties  ofeuaternary ammonium

iodides. a)  Hypocotyl  leng'th of  cucumber  seedlings  grown  with  60  ppm  of  each  compouncl.  The

bioassay rnethod  was  described previously (1). b) . Amount  of  GA  in cultures  containing  10 ppm
of  the test compound.  Measurements  were  made  by  gas chromatography.

compound  showed  diffbrent effectiveness  on  the  growth  of  cucumber  seedlings.

Fig. 2 compares  the  growth-retarding  activity  of  the  compounds  on  cucumber

seedlings  and  their effects  on  GA  biosynthesis in G..fi(j'ikuroi. No  evident  correlations

were  observed  between these  two  biologicai activities.  A  remarkable  distinction was

found in case  of  compounds  1 and  2, both of  which  showed  the strongest  growth-
retarding  activity  among  the  iodides. Compound  1 inhibited GA  biosynthesis

strongly,  while  2, with  an  additional  methyl  on  the  cyclohexane  ring  to 1, did not.

Furthermore, compounds  11 and  12, which  completely  inhibited GA  biosynthesis
in a  rnanner  similar  to that of  CCC,  showed  a  relatively  weak  growth-retarding
activity.  .

    These studies  revealed  that  these potent growth  retardants  having  closely  related

structures  ･do not  always  inhibit GA  biosynthesis in G. .fic)Vkurei. Reid  and  Crozier

reported  that  CCC  did not  inhibit GA  biosynthesis in intact pea seedlings,  rather

increasing the GA  levels in a  small  dose, and  shewed  that  the  growth inhibition of

pea seedlings  induced ,by CCC  was  not  related  to the  content  of  endogeneous  GA  (7),
They  concluded  that  the  mode  of  CCC  action  could  not  merely  be explained  as  the

inhibition of  GA  biosynthesis in higher plants.
    Our  results  presented here a!so  suggest  that the  suppression  of  plant growth by

the  analogues  of  quaternary ammonium  iodides did not  solely  depend  on  the  in-

hibition of  GA  biosynthesis. These  results  should  be usefu1  fbr studying  the  mode  of

action  to examine  the eflbcts of  these  analogues  on  GA  biosynthesis in intact plants.
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