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Fine structure of Laminaria religiosa Miyabe
(Laminariales, Phaeophyta)
I. Composition of Fixatives.

Ik-Kyo CHUNG

Department of Marine Science, Pusan National University
Pusan 609-735, Korea

There have been many problems like plasmolysis in the ultrastructural studies with
kelps. The present study was conducted with series of different fixatives and buffer so-
lutions and several resins to solve the plasmolysis phenomena.

The fixative of 1470 mosmol(3% glutaraldehyde, 2.4% paraformaldehyde in 0.05M
cacodylate buffer with 0.2M sucrose and 0.5% caffeine at pH of 7.2) showed the least
frequency of plasmolysis. The relationship between the concentration of primary fixatives
and the frequency of plasmolysis was not found. With above fixative the possibility of
plasmolysis during infiltration period was not identified using ultra-low viscosity resin.

Generally, the kelp(Laminaria religiosa) contains a lot of mucilage, which interupts
the infiltration of fixative. The possible physiological mechanisms related with mucilage
secretion may be unable to fix the region of plasmalemma properly.
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Ao AAEZ dH3] LT} (Bisalputra et al,
1971 ; Toth 1974, 1976 ; Markey and Wilce, 1975 ;
Brawley et al, 1976a, b, 1977 ; Oliveira ef al,
1980 ; Henry and Cole, 1982a, b ; Maier and Muel-
ler, 1982 5 Clayton, 1984).

B2 d7A BHACZ £& osmolarityE 2t
€ LA Ho] AE-EHol gt} & sucroseS H7MSH
A (Evans, 1966 ; Evans and Holligan, 1972a, b ;
Rawlence, 1973 5 Lofthouse and Capon, 1975 ; Oli-
veira et al, 1980 ; Henry and Cole, 1982, b ; Lignell
et al, 1982 ; Pedersen and Roomans, 1983 ; Clayton
and Beakes, 1983 ; Clayton et al, 1985), sl45&
& AH8-3tA Y (Bisalputra et al, 1971 5 Markey and
Wilce, 1975 1976a, b; Sideman and Scheirer,
1977 ; Clayton and Beakes, 1983 : Clayton, 1985 ;
Mariani et al, 1985), %2 NaCl& H7t¢ 139
& A&stgtH(Motomura and Sakai, 1984). £3]
Clayton and Beakes(1983)= ©ld] th&le] 1ia|wf
(Scytosiphon lomentaria) & TFFE LR H & AH8-3}
o d7stey 983 2 d4e AASA B
3hglct.

$H 2 osmolarity®] 13N 7} PIPES &3 &
9 (Salema and Brandao, 1973)& Al%% Chung et
al. (1987)& Laminaria saccharing® ¥ A X Z
qA AR AR G 2 Y=g XA =
4 F JdJevh, @& osmolaritye] Azl
He AEdo} nEZE=zg ol SoAe AE
£E FF 840 BEAYoR 2FHHD Yok A

9 AR Fu FAgd g AxkEQl
Y&t opgg olEd g AT MAET} Al
3 8= Ut

£ dFe A9 dA @ iy 2x HE
Eoll i AAEV AR A5 £V 4B L FES
71 &) mE 227 R 71w Laminaria reli-
giosa) S A0 2 st A nAdd 4 45 £94&
Alg-3ted ofo] gt A3 WHES AFSATL
EE nA N Ao es oqHrtA B3 a9E
o =& g A=z vehal QA H(Hayat
1981, £ d7E 712 71&7t He Hx 13dY
TE B 4F 89 T 2HoR 24T ¢
o] nZAE 2 gE FolIE ALl
HAoA deld AAe AFALZ FAo
o] A% #AE HESFHLH
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Mz % wH B A NEE FYE FEA
ANx A&ste WA v Laminaria religiosa) S
19893 643 7€l 2A 23] Ao ofo]x ¥t
2o Yol HALI sl ALg-3gnh Fu)d
thake] Hade shA R & ol i & 1 % (Ta-
ble 1)& Wo] = Wrdz A4 A2 F 47
A3 A 2gd Age FAHC 2 sucrosed
Sx7F BolA e Al 9oz Ay AL H 1

Tabel 1. Composition of primary fixatives.

= 4q| SB LE | BUFEER2 ad SUCROSE | CAFFEINE*3| CaCl,
1A 1ml 1.5ml 12.5ml 1.05ml Oml 0.25¢ 0.02g
1B 5ml
1C 10ml
1D 15mi
2 A 3ml 4.5ml Oml
2B 5ml
2C 10ml
2D 15ml
3A 3ml 7.5ml Oml
3B 5mi
3C 10ml
3D 15ml

*1 . To make 50mi, pH 7.2
*2 © Cacodylate buffer(pH 7.2)

*3 : Mueller and Greenwood(1978) 5 Clayton and Beakes(1983)
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% 22 (0s0) o2 AL thA] 22m
= Aoyl Ho FAHo g FRE FHATE
gygd (et B oz Aestgrt g1 g5 34
229 Xuj8-(epoxy resinS AR Ao T X
BN O QBN 23 BE2o® wEo
H¥7)1(LKB Nova Broma Ultratome) & ©]-£35}¢
FEHZE A2 %AHE I27=(400 mesh copper
grid) ol ¢lo] 224-9-81d (uranyl acetate) & A
A (lead citrate) &2 ©]F A A RS AxAN
74 (JEOL JEM-100SX Transmission E. M) 2.2 =
Ats g e,

(ed

g¥g 7L ovl #EA v gl oy} (Hayat,
1981), ¥ AFME 2R AEE9 mATz A}

Tabel 2. Osmolarities of primary fixatives

oA dwtHow A3 AR
i, o] ZAd £HE T 4dd9 mAHAE
ZAsg . 432 EE 34 ofyjde
FAA AY 99X AFHE EAe FHx
Al dojvte MES 318Y osmolarity X}ol 2
dold £ Y= FF Aot aHEE TR
(glutaraldehyde + paraformaldehyde) o] = 2 =
A B9 osmolarityE ZH3}7] 93l sucrosed
7b8ted Table 29 o] 24 4™ TANES
AHgstd ARE HeEstoh 98d8e e
Hxol 14N osmolaritys}e] 4# #AE Wl
A1 AL o) F A AAPL Idvrd Ao
B AEE Yl 4 13 2AdY 97 47
ol H""‘ﬁ-ﬁﬁ},

AR A BAHY 71Eog d¥dRe] |

ol F3st7)

49

A

|

1A 397 2 A 946 3A 1256
1B 544 2B 1084 3B 1304
1C 664 2C 1178 3C 1470
1D 803 2D 1308 3D 1613

& AEIATE 4 2P A osmolarity2] ol
oA HEEE d¥3AEe 4L glutaraldehyde
(GA)$} paraformaldehyde(PF) %% ZA% su-
crose A7t ¥ ZHH 127HA4 2R HE A
3t 714wyt A2 agd 238 d9aa.
olgf zt 22} PAE Akl 23 F3ho] BT
DN Az Hw AESFYCL
FEOIEN A1t Hx nA BMow Ao
N ZAE Ed2 o 94 #HolW IFEHF
(resin infiltration) oA Yol & = P AR
AN 7S HEII &= Spurr
(1969)8) w2 HAx=e #Hold& AT ZAAE
7122 7 HEH 1AL o)&39 ol
A5 H3E ofF & HAE g ol W (Ultra-low
viscosity embedding media : Polysciences Cat. #
17706 : Oliveira et al, 1983)%& AH§-3t%ch

=
s

R
Ay AR a3 2y FAo(Table 1)
wet A& o} VA = Laminaria religiosa) 2 2

(29 : mosmol)

AEu AR ATz Ee 7 24 e FHE 4
#2 gl oy, osmolarity7t 71852 £ A
E R NEr Zase F¥E B Chung ef dl.
(1987) 9] Z#e} Autsle FFE B FQUTh 2
% 1470 msomol{(ZA e 3C)2 AHzl® Al2olA
48488 dde nx 2 Fxr g 9o
W (Plate 1), £3] 39 %A F(outermost layer :
meristoderm) ¢| H¥ A= Fef #de HAEs 7t
4 Y¥kth(Plate I. A, B). Clayton and Beakes
(1983)7} AAIG zF 18 2 A PP 53
o] 4~ = (Physodes) 2] HEIE 13387 943 A=
Rom, 1Eo]l O 2| vl (Seytosiphon lomenta-
ria)E 6% AE9 AFEIL zte ¥ BB HEo
e AEAYo = BF3a o]59 mlAFZE A}
AEoA] A dET d4o] w3 delhtz 9
Ak, B AYPAME caffeined H7}te slolAe
o] 3NN 2o AxE Adet

OfM X o] 28 AP A B d4dde 27
FL AL PLELS Yoz WY 2z JEES
o wAlFze} Zol7} gl AakE vrHe] 2
d @z} Zoje AR, Hnucleus : N), GEA)
(chloroplast : C), &7V (Golgi body=dictyosome
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:G), U EZEZg ol mitochondria i M), 41|
(centriole : Cr), @ ¥E(vacuole : V), Toli=(P)
Sol ##=HAG(Plate 1. B, Q). ¥ Je& t&
AE WEFo e L vixo) we} chakst 2458
Bo Fd. #F(nucleoplasm)-& &2 (nu-
cleopore) & 7F¥ @9 % (unit membrane) & & F
A€ % (nuclear envelope : NE)2.2 3 Mo
7 e =2, &4 (chromatin), 343 (¢ =nucleo-
lus i Nu) o] &elson, suto] %7t & @
9o 47 SRR AUt dEAe AF
A 2z AENA B £ e dHE, AddAs
fege g yepte 339 24 722714 9
o] =(thylakoid) 2 T EH AL, ¥ F RE
d Bole A% 71 R G=4a) DNAZ L
Aoz FAAY. 454 F9, FHB(Git field
plasmodesmata) ¥, & AX FHR wgd
FB oo ad 2z (uaistae) S 713 PEESE
o7t FAF At Z2AEY nATRAg R F
2 WEETY 3Vl Fdola=e 92 meris-
toderm M| XA F2 JA FME vhoFg 279
FHoZ A k& HF(cortical layer) &
% (medullary layer) A% #A=Qc) d8x
ol thgt dte wWort ofx A AE A
A, Aststa H/dol wa A @tk (McCully,
1968 5 Evans and Holligan, 1972b; Ragan and
Craigie, 1976 ; Ragan et al, 1979 ; Pelligrini, 1980 5
Clayton and Beakes, 1983). &3 t%¥3 a7], 2%
2 PRES 717 A¥rF #EAEP oY o= Raw-
lence(1973) 7} Ascophyilum nodosumo) A R g 3
Beot vRdlgy, WEEo) FAsA A =
FEH €A 9" NEE0 2o e e,
HE&Eo A gle B, A2 799 £¥E X
g Fe So] FAHJAT 1F JFNMe B

Egog gydue] Ead 2458 Ho F9o
}(Plate I1.D), ZRAo7 & of T} X 9o 1
o] FoiRoz 113 FErt 22U F39 54
Q) Y Hxrt zE] Fa dm, gEzen ¢
£, golhrEe] X3 YUtk AzH S A
F AY T REL AdEn wIEY eSS

BoF ot

e e

—=

O

HUM ol g A7ME Alulg Aol
AN 54 F4d Bulo) e Aol AEE
He 7o W¥E + Ut TR 532
Bl Bgith % o]H @ AEY BEo2 149 o
wel JlERa F27h WYY SE e Felth
4 QgAns AT Atolo] Mol FolA o

H7hA] 2ol BRYtH(Plate II. A 34 H). ol
2 AEY AEOZ Hojy, =&d BHY 4
¥ & o 2, A 44" 94 2ds 2
A %L B ol ayjn 93 Aol ATy
NA BolXHA =he] Fejrt WP o] dojd 2
Feta qAAE e FHY FeHE 2P, AE
A gtz o9} uj£d mokel Zo Fw{Uyt 9
Row, ol F o A= obF e e B o
|5 AEHA L e AoZ Hol o]Eo] AX
A ol A7 Fe(d  FVHE ! Golgi
vesicles) <ol QTH7l A E8log ewsEe Aoz
AZEcH(Plate 1I. B: M E), gutzxloz Hoiz
9 vl ¢4 alginic acid) 3 2& 2% o3&
(polysaccharides) 24 o]&2 F7|Al9 &Fow
BEo] AE A FrYEY AYes HE W
22 $wHo XY FAHSAUY(Evans ef dl,
1974), AHAR BHEE ROoE RAT A= A
= ¥ EA AR, AXAAE g8 2s
< YedE F&o] AEY 4Zoz B, ¥
g oo, o 72/ WEEEN BEolR o7 A F
HU g F2RE FAFo| 23] FH|sHe A
B2 gARE el 23 mgHa e AX F3
Axd BZoA A Plate II. C: 3H43E).

HEde ol Ax FdstA Rz YUz, 3
Z Hddz Holy EAol AXEY ¢ AT
(Plate II. D:3ME3E). ol MES FAH £
7ol ol MEHo] FAHWUA o] ¥rEo] FH
A, Fd Ao g Bulge HA2d £S5 I
I Buo §34E89 Lathraea clandestina® EH]
ZA g AEYd d¥dde] nart FH
B2 mo n2E AR H(Schnepf, 1964), 2
HEL gy 27l 2 ¥ Aot do
7] g g8 eV AXge BE o9
Ao AloloMe BRHAT

AEY T2 542 529 olF 2 &t
2 T o] ®ol AATh ol F o 2

Eo] o] EYth(Plate II. E: 32 X). o] &9
ddol A £28 S A2 (Plate 11.
F:33®), ERE 2olx 23tHGunning and
Robards, 1976).

HFHoA ARl olFte AE HolE A
EFEME 2 dgd ERY rEE=Folrt 2
, BYFHE 28 Q4EA Y mgde dEstdnh
JEScgol Wi 2e)2Eley) mgo B o, o
o] BAql & Aoz AR, EEl o] Fol|A
dEo] stA olFH: Jux FHHG
(Plate 1. A). & F99 AXGME HXE 7

e

d

e i
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o AR 2 F e UEEES EAYrt o
& ol5o] ¥ FHelM FAHH AXZ NXE
FHOoT olEEo oz tEE ALE F
"th(Plate 1. B). & FHd= F2 FEA,
Ao F71A Fol EIYH(Plate 1. B, C, D).
9] o]Eell #7|H 9} o] B [HEoZ F7]d
X (Golgi vesicle) Bl T3t %IOII] =7 E7}
drz FHAAE BgE L9 (Plate I, D : 344
).

o

ﬂﬂﬂ ofN D
2 N, > J‘N'

ol F= T LIHE T2V} ‘4‘311”}
TRHAA A =
o +
=0l AXdR H]F—ﬂ T-f"alﬁ} A JV]HL} gz g
o] o7 7ol & 2 8 245 B9t (Plate
V. A Bi). olgE \“4 o7 B WEE
7b7 e Fey mepe] JE7F dFFY A
2ol wol #EHAT 53] Axet ¥
Mz ol R dAxte] FAol fEHoz
o] 1t (exocytosis), N E M E vhe] £ o]
HE ¢to g Eo] & &% e 7Hs A (endocyto-
HoZEJHPlate V. C). SXE HIEH A
AAF FF £5 AXEY AY U
1 gllon, FalaA JAsE W
AATh MEH T 4FAe Fej
Foz MEYoa Hojz SIATE A¥
7 WeEe 2 BAse] Ak BA &
EE 7l AEFALE HE FHOE =7
AR THPlate V. D).
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T IHA 3 (Explanation of Plates)

Note . abbreviations used in Plates : N=nucleus, C=chloroplast
Cr=centriole, M= mitochondrion, P=physodes, V=vacuole
CW=cell wall, ER=endoplasmic reticulum, G=Golgi body

Plate I. Ultrastructure of Laminaria veligiosa

A. Cells in meristoderm layers
B. Some organelles

C. Chloroplasts and physodes
D. Cells in cortical layers

Plate 1I. Ultrastructure of cell wall and plasmalemma region of Laminaria religiosa

Cell wall and plasmalemma

Cell wall and plasmalemma

Cell wall and plasmalemma

Cell wall and mucilage pocket

Cell wall and pit field

Cross section of pit field

Plate 1. Ultrastructure of Laminaria religiosa

A. mitochondria and E. R.

B. Organelles around the nucleus
C. Golgi body

D. Nucleus and golgi bodies
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Plate IV. Ultrastructure of vacuoles in Laminaria religiosa
A. Types of vacuoles
B. Types of vacuoles
C. Vaculoe and plasmalemma
D. Vaculoe in cortical layers
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