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PH 57EFFEeTS
 OF ATP  CONCENTRATrON  ON  THE  FORCE-

VELOCITY  RELATION  OF  SLIDING  MrCROTUBULES
IN  SEA  VRCHIN  SPERM  FLAGELLA.
Kazuhiro  O ±wa  and  Keiichi  Takahashi.  Zool.
Inst.,  Fac.  of  Sci.,  Vniv.  of  Tokyo,  Tokyo

  We  studied  the  force-velocity  relation

of  sltding  m ±cretubules  in  demembranated
sperm  flagella  ef  the  sea  ureh ± n  Eemi-
centrotus  pulcherrimus  ever  a  range  of  Mg-
ATP  coneentration  frem  3.7  to  350  vM  by
using  the  method  of  Kamimura  & Takahashi

(Nature,293;566,1981}  with  some  improve-
ments.  The  shape  ef  the  Eorce-velocity
curve  under  

'auxotonic'
 cond ±tions  was

independent  of  the  eoncentration  of  ATP
and  appeared  aimost  linear  or  had  a  re-

verse  curvature  to  that  of  the  hyperbolic
force-velecity  curve  of  mu$cle.  The

sliding  veloc ±ty  under  loads  ef  <401  of

the maximal  sliding  [oree  (Fmax)  showed  a

slight  decrease  with  ±ncreastng  load.
Above  O.4 Emax,  the  sliding  veloeity  die-

creased  linearly  and  steeply,  and  abruptly

decreased  to  zero  near  the  maximal  force.
The  power  calculated  as  the  product  ef

velocity  and  force  passed  through  a  peak
at  c.  O.7  Fmax.  This  shows  that  the  maxi-

mal  power  is attained  at  a  larger  relative

load  than  ±n  musele.  The  maximal  sl ±d ±ng

velecity  obtained  by  extrapolation  of  the
ferce-veZocity  curves  to  zere  load  showed

a  M ±chaelis-Menten  type  dependence  on  the
Mg-ATP  concentration,  with  a  Km  of  180  uM
and  Vrnax  of  c.  IS prn.sec-1.  The  max ±mal

force  did  not  significantly  change  over  a

Mg-ATP  concentratien  range  3.7 to  350  uM.

PH 59FLAGELLAR
 MOVEMENTS  OF  CHLAMYDOMONAS

sDU. 
Ri."hG.,

 
]P,
 
,",
 
.O."9S::dMUGLA.BT.iOwNItrnan2.

 1Dept.  
of

Cell  Biol.,  ajatl. Inst.  fer  Basic  Biol.,
Okazaki  and  

`Worcester
 Foundation  for

Exptl.  Biel.,  Massachusetts,  U.S.A.

  TounderstandbehaviorofEC!g!gmMggg!gugEhl  d
during  phototaxis,  it  is  essential  to  know
hovJ flagellar  beat  pattern  ehanges  ±n

respense  to  photostimulation.  We  have
developed  a  system;  a  single  cell  is
captured  and  held  immobile  ±n  a  micropipet

while  its  flagellar  rnovements  are  recorded

by  h±gh-speed  (240 fields/s),  high  sensi-

t±v ±ty  video  microscopy  using  stroboscopic

flashes  passed  through  a  red  filter.  rn
the  absence  of  a stimulus  bea  rn, the  two
[lagella  generally  beat  synchronously  at

41-48  Hz  with  periods  of  asynchronous

beating  that  resulted  when  the  frequency
of  the  trans-flagel!um  (the  one  farthest
frorn  the  eyespot)  transientty  increased
within  3 Hz.  When  cells  were  stimulated

with  a  dim  white  light,  the  beat  frequency
of  the  trans-flagellum  increased  about  30t
after  O.1 s.  The  waveforrns  didn't  appear

to  change.  Cells  stimulated  by  a  brighter
white  light  underwent  a  photophobic
response  in  which  the  flagella  changed

from  a  ciliary  to  a flagellar  beat  pattern
about  20 rns  after  stimulation,  and

returned  to  the  ciliary  mode  after  O.5 s.

In  sorne  cells,  beating  in  the  flagellar
raode  was  follovred  by  qu ±escence  in  whieh

the  flagellar  were  held  nearly  straight.

PH 58TRANSITION
 FROM  CILIARY  TO  FLAGELLAR  TYPE

MOVEMENT  OF  eELAMVDONONAS  FZAGELLA  INDUCED
BY  ELEeTRICAL  STIMULATION.
Kenjiro  Yoshimura  and  Keiichi  Takahashi.
Zool.  Inst.,  Eac.  of  Sct.,  Univ.  ef  Tokyo,
Tokyo.

  When  a  single  Chlemydomonas  reinhardtii

cell  was  stimulated  with  an  electric  pulse
(O.2-1.2pA,  lms)  delivered  through  a

suction  electrode  holding  the  cell  bodyt
the  flagella,  which  normally  show  a

ciliary-type  beating  pattern,  began  to
beat  in  a  flagellar-type  pattern.  We
filmed  the  flagellar  response  with  a  h ±gh
speed  16mm  camera  at  400f.p.s.  and

analysed  the  tlagellar  rnovement  during  the
transition  frem  the  c ±liary  to  flagellar
type  beating.  The  transition  had  a  well-

deiined  beginning  and  was  cemplete  in  2-3
beat  cycles.  At  the  onset  of  transition,
the  length  of  time  [or  the  development  o[

principal  and  reverse  bends  at  the
flagellar  base  sornetirnes  changed:  the

principal  bends  took  shorter  time  to  grow
before  they  began  to  propagate  while  the
reverse  bends  stayed  lenger  at  the  base.
On  the  other  hand,  principal  bends  that
were  propagating  along  the  flagellum  did
not  change  in  curvature  and  sl ±ding
velocity  at  the  onset.  The  sliding

velocity  in  the  distal  region  ef  the

propagating  reve=se  bends  decreased
vhereas  that  ±n  the  prox ± mal  region  d ±d
net  change;  the  curvature  of  the

propagat ±ng  reverse  bends  increased.
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 SEMrNAL  PLASMA  PROTErN.PACTOR  INHIBITS
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    The  mammalian  semna]  plasma  contains

a  factor  which  inhibits  the  "evement  of  the
reeetivated  Jemmalian  sperm  flagella

(Lamirande et  al,  Biol,  Repreduct,,  Zfi,
788,  r9B3),  The  fector  was  purified  from
the  boar  seminal  p]esra  by  means  of  iop
exchenge  coluin  chromategraphy  and  ammonium

sulfate  cllt.  The  SDSPAGB  revealed  thet  the
component  of  the  purified  fraction  which

inhibited  the  movenent  of  the  reactivfited

sea  urehin  sperm  flegeila  as  well  as  that
ef  the  boar  wes  an  o]igomer  containing  16,
13 and  12  KD  polypeptides.  The  factor
inhibited  the  flagellar  movement  cempletely

at  approximately  30 "g!ml.  The  effects  of

the  facter  on  beat  frequency  was  very  snell

in  the  lo"er  concentration  than  that.  The
inhibition  occurred  near  the  critical

concentrHtien.  When  the  concentration  of

the  factor  wes  high  the  flHgellar  bend  wes

preserved  as  if it was  frozen  (looked like
the  rigor  bend),  However,  the  

"frozen
 bend"

propagated  very  slowly  at  the  early  stege

of  the  incubation  (less than  1 pmlsec)  end

stepped  propagation  within  a  few  "inutes

maintaining  the  bend.  The  fector  part-ially
inhibited  ATPase  aetivity  ef  diynein.  It
was  likely  that  the  faetor  increesed  the
shear  resistance  among  the  outer  doublet
iiicretubules  to  inhibit  the  movement.


