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Diagnostics of Susabi-nori (Porphyra YZpzoensis) by  Laser-lnduced
Fluorescence Method
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                        ABSTFUXCT
Susabi-nori (Ptxptl)fa yozoensis) vvas  diagnosod by means  of laserLinduced fluotescenoe (UF) method.

Fluotescenoe peaks located at apFNoximatdy  580, 660, 685 and  720 nm  wn  observed  in the LIF spectra  of Susabi-
nori. In the spectrum  of the sample  infected with the red  rot disease, the intensity of 580 nm  peak was  nvatively high
as  ccxnpared  with that of the eontro1 sample.  On the other  hand, the intensities of 580 nm  and  660 nm  peaks
drastically decreased  by  the induence of the chytrid disease. Furthermore, the intensity of the 580  nm  peak jncTeased

by dipplng into fresii water: These results indioate that LlF smm  of Susabi-nori are  affected  by the diseases and  the

stress of ttesti water  and  that the diseases and  the stress  of Susabi-nori can  be diagnosed by the LtF method.

KEYWORDS:  Susabi-nori, Potptlyra )tezoensis, taserLinduoed fiuoresoenoe, red rot disease, chytTid disease

1, lntro(tuction

 [[he ncrri auver; iPhr)pbpt  cultivation  is greatly affet}ted
by weatiher  and  natural  phenomena in eceaJL  In particuhr
tihe diseases cause  darnage to the rKni  cultivation.

IfurtherrnDre, the nori  may  be influenced by ffesih wate4

such  as inflow of  river water,  and  rain  when  it is exposed
into the air during the chb tide, Cbnventioria]IM fishermen
diagnose the influences of  the digeases and  the stress by
means  of  the visual  inspecbon or  the eptical-microscope
observation.  HowovEr; a quantitative ovaluation  technique
is required  for more  stal)le  production in tihe nori  cultivation.

ln addition  the teehnique for diagnostics in the early  stage

when  we  can  ncrt  diagnose ncni  by the visual inspectian ar

the optical-microseope  dbservation is alse required
 [[1ierefore, we  proposed lasEr-induced fluoresoence ([ID
method  lhr diagnostics of Susabi-nori. [Ihe IIIF is a

spectroseopic  method,  and  used  for remote  sensing04).

 Ih this wcuk,  we  irrvestigated the influences of the
diseases such  as  the red  rot  disease and  the chytrid disease,
and  the stress  by dipping into ibesih water  by means  of IIF
metihod.

2. Matmlsandmethods
 [Ihe samples  of  Susabi-nori (R)mhLp[r;a .yezoerisiS} were

cultiyated  at  the temperatMre  of 180C  in Chiba Prefbc}tural

Fisheries Researdh Center, [[he used  sea  water  was

filtirated with 1-Lun flter; and  heat-treated at  900C for 3 h
for disinfection.

 Figure 1 shows  a  schematic  diagram of  the HF
measurement  system  used  in this wotk.  The  IIF speetra

were  measured  at 20eC. [[he 488.0 nm  emission  line of  a

continuous-wave  (trw) Ar' laser ((}I(}3020, NEC,  Japan)
was  used  as  an  excitation  dght IEhe laser power  was  kept
at  appr(lldimately  160 mW7cm2,  [[he laser line interference
filter was  used  fhr removing  the slxiricvus backgrumd
emissions  lir)m the laser, [[he I.IF speetra were  analyzod  using

a  muhichannel  rr}oncxthromatar  (EIMA-11, imtsu
Ibotonics, JaparD. The fimm  was  guided  to the
monoehromatar  using  the optical  fibe= [[Ehe chort-
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Figure 1Schem  atic diagram of  the LlF measuremeni  system
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lhe pldwes of (a) the cxxrtrel sance  or,d the santpSe$  infbctecS with @  the red rot
dismase and  @  the chytfid disease

wavelength  cut'off filter down to 530 nm  was  attached  to
the eptical fiber in erder  to prevent the influence of tihe
excitation  light. T}ie expaBure  time was  1 s.

3. Regultsandtmn
3.1 inftuencesofimdiseasescmdnIIFspectra

 Eirst of  all, we  investigated the influenoes of the
diseases such  as  the Ted  rot disease and  the chytrid
disease. Figure 2 shcFws  the pictures of (a) the control
sample  and  the sarnpfes  infected with (bi the red  rvt

disease and  kl the chytnd disease. [Ehe red  rcrt disease is
caused  by a  parasit ic fungus, im'tmi epec ies. [[[he cefs

penetrated by tihe hyphae are  sihrunk and  tihe color  af  tine

leaves changes to green The chytrid disease is caused  by
a  fungus, Clipldiopsisspecies, and  the leaves are  c rinltied.

 Eigure 3 sbows  the typical rllF spectira of  (al the controt
sample  and  the samples  infected with (hl the red  rwt

disease and  (el tihe chytrid disease. In these qpecrtra, the
fluoreseence peaks  ]ocated at approximately  580  rm  fpeak
A), 660  nm  fpeak B), 685  nm  (peak O  and  720 nm  fpeak
D) were  cibserved.  Susabi'ncni belongs to red  a]gae,  and  it
contains  chIDr(rphyll'a and  plrycobilins such  as

phycoepm  phycoqyanin  and  allepby(x)cyam  as

photosyrithetic pigrnents. Ihe emissions  at  approximately

580 nm  (peak al and  660 nm  (peak M  probahly originate
in phyooerytihrin and  allepbycpqsTarim,  reqpective]yO.  [rEhe
emissions  at approxiinately  685 rm  (Peak O  and  720  nm

fpeak I]D are  probably due to chlorephyll-a}e.

Fmhermore, a  slioulder peak  located at  approxiinately

640 rm  was  observed  Crnarked by ari arrow  in the figure),
and  probal}ly cniginates  in phycocyaninO. in tine spectmm
of the control  sample,  the intensities of the peaks at  660
run  (Peak M, 685 nin  {beak O  and  720 nm  <peak D) were
almost  the same,  however the 580 nm  peak  (Peak N  had
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TYFtical LIF $pectra of jo) the (x)rtuol serTiple and  the
samples  infocted vvith en the red  ret cisease  and  @
the chytrid disease
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about  a  half intengity as  {x]mpared  with  the other  peaks.
 In the epecrtmn of the sample  infected with tihe red  rot

disease, the intensity of 580 rm  peak  fpeak A), which
probably originated  in phycoerythrin, was  relatively  high
as  (xMnpared  with that of the oontrol  sample.  T[he interisity
ratios  of the peak A  to the peak  B in the sample  infected
witih the red  rot disease and  the oonttvl  sample  are  1.6
and  O.46, respectivelM  and  tihe ratios  of the peak  A  to the

peak  C  are  2.4 and  O.ti6, reqpectLvely  ([rlie intensities of

the peak  A, B  and  C inelude tihe intensities of  the other

peaks superimposed  on  each  peak) Wb  qpeculate that tihe
intensity of  580  nm  peak  (peak A), which  probably
originated  in phya)epm  increases because the
infeedcm with the red  rot disease disturbs the energy
transfer fir)m phycoerythrin to chlorcrp1tyll'a as  a

photosynthetic reaction  center.

 On  the other  hand the intensities of the peaks at 580
nm  (peak A) and  660 nm  fpeak B), which  prohably
originated  in pbycobilins, drastically decreased by the
infiuence of  the chytrid (lisease.  T[he intengity Tatios  of tihe

peak A  to tihe peak C in the sample  infbcted with the red
rot disease and  the cont  ol sample  are  O.15 and  O.46,
respectively.  [[This result  is probably due to the degtiructiLon
ofphycoerythrin,  phycx)qsranin and  allcrp1ry(  )cbranin.

 [E[hese results  indicate that IJ[F sw  of  Susabi'nori
are  afibeted  by the diseases such  as  red  r(vt disease ancl
chytirid disease and  tihat the diseases of Susabi'n(ni caii be
diagnosed by the IJIF method.

3.2 Inftuences of the stress  by d4rping intx) liesli water

  an  de  IIF maa
Next, we  investigated the influences of  tihe stress  by

dipping into fresh water  (disti)led water)  by the UF
method.  Mgure 4 shows  tihe dme  dependence of  LIF
mm  by mcvving  the sample  from sea  water  into l!esih

soo  eoD  7oo soo

   Wavelength (nm)

Figure4

900 IDco

firne deperKSenoe of UF  spectrum  by moving
be satTlFAe ticm sea  weter  into hestl wator

ge･･g.e.!Sgd2oo

water.  After mcvving  into imh  wateag  it p]ctted to :roO s at

interva]s of  10 s. Fbu)m tihis result  it was  fomi  that the

intemity of the 580 nm  peak, whidh  prDbably cniginated  in

phyrm  drastically inareased as  time passe(1 and
became alrnogt  congtant  at approximately  1oo s. [[he
increase in t[he 580  nm  peak  intemity is probably  dve to
the disturbanoe af the energy  mber  ihom phycoerythrin
to dhlor(rphYll-a by the stress offiresh water.

 Iimhermore, we  irrvegtigated tihe epe[tral change by
returning  the sample  from ihesih waber  into sea  water.

Figure 5 chows the time  dependence of II[F epectrum by
returning  ttie sample  iir)m ibesli water  into sea  water

after  dipping into fresh water  for 3 h. After returning  into
sea  wateg  it plcttied to 2oo  s  at  intervals of  10 s. The

intengity of tihe 580 nm  peak deereased as  ime  passed
and  recovered  to that of the control  sample  at

apprmtely  1oo s.

?e･･g.g.i:t8[

WevelengtUh  (nrn)

FigLtre5 firne dependenoe of UF  spectrum  by
   rdwring  be  scrnple from hesh water  mb

   sea  water  after dipdng irub ttesh water  tbr 3 h

ooo

?e･.gi'sggt12coh

FigL"e6
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   WEvelength(nm)

fime dependenoe of UF  spectrurn by
mmng  the sarTlple frorT) frestl vvater intc, sea

vvater  afuer dipphg nto tesh waler  tbr 36 h
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Figure7 11rnedepemeoftheintensityratioofbe

   580-rtrn peak to the 6En-nm  peak

   (F58orFam ratio) after retuming  irTtD sea

   me  mritii various dipping tirnes irno fresh
   water

Mbreoveg we  inyestigated tihe influenoes of the dipping
time  into fresh water.  Figure 6 showg  the  time

dependenoe of  LIF qpectrurn by returning  the sample

frvm ihesh water  into sea  waber  after  dipping into besih
water  for 36 h, It plotted to 12oo s at intervals of  50 s,
after  returning  into sea  water.  In this figure, the

remarkable  spectral  change  was  not  observed  after

retuming  the sample  fir)m fresh water  into sea  wateg  and

the intensity of  tlie 580  nm  peak did not  recvver  to tihat of
the  cxmtTel  sample.  NguTe  7 sihovvs tihe time dependenee of
the intensity rabo  of  the 580 nm  peak to the 660 nm  peak
(F580rs660 ratio) after  returning  into sea  water  with

various  dipping imes  into frech watez  In the dipping
times  of 3 to 24 h, tihe F58atl?660 ratio  decreased as  time

passed  and  recovered  to that  of  the control  sample

lapproximately O.si at  approximately  1oo s. Howeveg ir
did not  recover  to that of the cont  rril sample  in the dipping
ime  of  36  h. [I[hese results  suggest  tinat the ce11s  of tihe
nori  are  destroye[1 by dtpping into firesih water  witli tihe
dipping times  more  than  approximately  36 h.

4. Ckmclugims

VVb diagrioged Susabi-nari by means  af laser'induced
fiuoresoence (IJ]!) method.  ELueresoenDe peaks  located at
approrrimately  580, 660, 685 and  720 nm  were  observed  in
the UF  spec tra of  Susal)i'mi. [rlie 580 nm  an(l  660 nm
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peaks prohably ariginate  in phycx)erythriri and

al][rphycoqyanin,  reepectively  and  the 685  nni  and  7ee  nm

peaks are  prohably due to chlor(rphyll-a. In tihe epectrum
of  the sample  infected with  the red  rot  disease, the
irrbengLty of  580 nm  peak was  relatively  higli as  comparecl

with  that of the contrcd  sample.  en  the (xher  hand, the
intemities of 580 mn  and  660 nm  peaks  dragtically
decreased by tihe influence of the chytrid disease.
Furtihermore, the irrtemity of tihe 580  rm  peak  inereased

by dipping into lhesli water  [Eheee results  indmte  tihat
LrF qpectra of Susabi'n(ni are  afibcted  by t2ie diseases ansS

tihe etmess of fresih water  and  that the diseases and  the
gtzress afSusabi'nQri  cnn  be [liagriDsed by the llF metliD[l.
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