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Undaria pinnatifida OBTHEHRENBE—
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Study on Fixation Method of Algae

——ZElectron microscopic observation of Undaria pinnatifida——

Hiroe OKUDA

Abstract

There is a large number of algae containing much water and mucoid substance in there
bodies. As they thrive in sea water, are susceptible to the osmolarity of fixative solution,
and it is said that fixation of the various structures in their cells are difficult,

This report, seeking the optimum fixation method to observe in details and correctly the
form of the tissue, organella and the cell of Undaria pinnatifida, 3 kinds of fixation meth-
ods, viz, single fixation of osmic acid employed since olden times, mixed fixation of osmic
acid and glutaraldehyde, and double fixation of prefixation by glutaraldehyde and postfixation
by osmic acid have been tried, compared and studied,

Materials are healthy lamina of Undaria pinnatifida collected on the coast of Onomichi
in April, 1978, After fixing the material with the respective fixing solution, alcohol de-
hydration, and after embedding with epoxy resins making them in ultra thin sections, double
staining by Millonig solution and uranyl acetate solution, has been applied, and observed
with electron microscopes (HS-7 type and JEM 100-B type).

Findings were that single fixation by osmic acid proved effective for observation of nu-
cleus, nucleolus, vacuole, vesicle, ground substance and cell wall, while unfit for observation
of chloroplast, mitochondria and Golgi body. With mixed fixation of osmic acid and glu-
taraldehyde, vacuole, ground substance and cell wall can be observed very well, however,
on other organella, electron density was low, and the structure is obscure. It can be said
that with glutaraldehyde pre-fixation, osmic acid post-fixation, fixation effect and electron sta-

ining effect of every organella was good showing that this is the most optimum fixation method,

[ #

mj

EFEME (LT, BB X 2 EBEOMRIL, 19454 Brown L - THIH T ¥ hic,
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PRI ThIICX 5 ThHbDe

WRABHCKIPHBEDEL H DL 0NEHD Y, BRKPCEFLT 5 2 & »
b, EEBOEEERTHY, MEACHEBEOEESEETHS &\VbhTw%, 1960
FERIE, FhE AV BT aldehyde BEic BN % S, Gibbs (1962), Parker
(1961) 11 1% osmic acid ElE&HRAAL TV 5, Glutaraldehyde FiEE, 1% osmic acid
HBEED ~EEEHH Sabatini, Bensch & Barrnett (1963) &1z & » TH¥» Hh, Bouck
(1965), Evans (1966), Bourne (1968), Chr (1977) bt = o g HGTW5, BE (1970)
it 1% osmic acid ¢ glutaraldehyde 0 BESEE# 1T - T H, +O idea T Wood iz X
STHD SR E VbR TW %, Glutaraldehyde DOEEII 2 %~ 6 YOHBCHEHAINT
By, EERRS 302 ~24850 LIRS R, Zh BOXY b L, Ayt Undaria
vinnatifida R s EEFEY R0, 19606 DR B AV 5 Tw%  osmic
acid o BiE %, osmic acid - glutaraldehyde o E-&E %, glutaraldehyde §ifE%E, osmic
acid HEIE O “EHEEO =MHOBEFELRA, KBERN 2T - O TLOBRYRET
%o

I HAHESLUERFE

1. & #t

KRR, 19785 4 B, BFPIBRINETI QWA CHRIR L1t Y A 4 (Undaria
binnatifida) D4R CH B, EHEEILH 80cm T, REEL ST +HBER L
BIETH Do

Ek, k% 0.1M sodium cacodylate buffer (pH 7.4) B WA EFEHEBREL
7ok, BRBOPFRE GEAED 1/2 { bV OMATHREK L hhohEED) 22b—k
) 5mm DMK G H LRFhC R,
2. R B F &

O BE =

WhHLEREY FHFNRTED a, b, ¢, ZEHEOBEEKO ORI U, 5°C (WEIEE
MRGZ EDBEREED VRO RELEL LML 20RO TH ) T2RMOEE
HFfotco AL, COZHBEEDOEA T glutaraldehyde o FEIE 2 B, osmic acid D
REIE 2 BER & Lo

Glutaraldehyde &[5 Borne (1968), Chr (1977) L35 %~ 6 % DEBEHEDO b D& #
FiLTs b, Toth (1973), Hori (1971) 5133 %0 bR AT b, fad (1979) 2 1%
THAE LT3, EHLDORASEETL.04%, cOEETTI5LCHEE L, i,



W OEE B oo — 187 —

glutaraldehyde 3@t Ih B ARRETHS Z &b pH OFBCHCHELYET S, X
BTEV-$ o pH 6.9 (Bouck, 1965), i\ b T pH 7.9 (Gibbs, 1962) icdrtz T
WABM, IAA (1979), KFE (1971 Bk pH 7.2~7.4 NEBTH B E LTS, EEIL
pH 7.2 g% L TR,

Osmic acid OBEIIZEALDOXMRTI~2 % TCHERAIRTVBZEMB2%D3D%
Fut,

(a) Single fixation of osmic acid

2% Os04 10my
iO. 1M cacodylate buffer (pH 7. 4) 10m/¢
(b) Mixed fixation of osmic acid and glutaraldehyde
2% 050, 6m/¢
25% glutaraldehyde (pH 7.2) 1 m¢
0.1M cacodylate buffer (pH 7. 4) 17 m/¢
(e) Double fixation of osmic acid and glutaraldehyde
Prefixation
259 glutaraldehyde (pH 7. 2) 3m¢
{O. 1M cacodylate buffer (pH 7. 4) 21 m¢
Postfixation
2% 0504 | 10 me
{O. 1M cacodylate buffer 10m¢
@2 B X

BRI B M D A R BT 5 2 U 5 BIRIOANC, SO A B0 B A R
L, BETHE LIk > TRERD contrast w5 AMn S50, BEOHE, BEE
DEAEA OB 52 % Wlx MBS 5 BERB Do % ZTRD X 5 IEFCHE
KEFT -k (BR).

10~40% cacodylate buffer alcohol 20 minutes each
50~90% alcohol 20 minutes each
100% alcohol (2 times) = - 10 minutes

- propylene oxide (2 times) 5 minutes

%3, 10, 20, 30, 40% cacodylate buffer alcohol ¢+ FhHE %202 B2>FTHK L,
O\t 50, 60, 70, 80, 90% alcohol RFc204fEIBIK, FD#100% alcohol 104>
2 2 [EBiK, B#ic propylene oxide -¢54pf, 2 EIBiK L,
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WKy Glavert (1958) Hic X » TR Shic Epoxy resins %\ vic, Z OFFEEILK
AR <, LRI I WREIE D B, BEILICH 5 D3 & A KT, BALRIEA
—&fTisbh, EEEN I, KV E LS VCEDOFELAD ), BEFEHRCH LTHHE,
T 2Tk Luft Q96D HL0EELMA T, kO X5 REEEFELYT- 2 (ER)o

propylene oxide 1 : Epoxy resins 1 12~15 hours

Propylene oxide -TRiK L7-E8¥l4, LiZ2o propylene oxide & Epoxy resins OEA
Wiz 12~15mERE L, Rbhc X < resins #FEM I 5, Epoxy resins OMBIIKRD L
51 L,

Composition of Epoxy resins

Epon 812 (Shell Chem. Corp. USA) 18 m¢
MNA (Methyl nadic anhydride) . 10m¢
DDSA (Dodecenyl succinie anhydride) 12my¢
DMP-30 (2, 4, 6-tridimethyl aminomethyl phenol) 0.6m¢
4 ®E &
Embedded Epoxy resins
24 hours at 40°C
48 hours at 55°C

Gelatin capsules 12 3{¥}% resins & & 3 (c DAL, BFIicd0°Cr24BR, +0#55°C
TABRFRIINE L, EAIE D,

(5) BWLDHDOER

Epoxy resins cfisi L7z&Bs 5 3~5um O A EHM L, toluidine blue #F7:i%
Richardson Hufa% ff L CHBITHE L, BHBEOMALYRE LK, REBEMET T
trimming %47 5%, Trimming o Fgkit, E X% 0.5mm FikdH 3RO ERE L4
DEEND I HCHRBFEOM A 1~2mm H< cut L, BHHEIL 5~10mm &
EOWIC Ltze OEHOU K FoRHE glass knife o N L FHfic B4 5% & 512, knife
& trimming U7-3A%}% microtome (LKB urtra microtome) 1238 Uiz, Z 5 L7cH#:(F
BRO X5 Telx BT 20 BHTH D, kL BERCRAT HHiic, sodium  ca-
codylate buffer T L TL, ‘oklRE ShFcilBEEICAHE LTV 2N s Bk 1
ik »C, knife mark 2VE UL LTS, BEGYFEOEVGHEITREIC mark »4& T, §)
FHEOBOHM, 2% bR L e 2 RBMARS LT UREEREECHEEN L X
ERnicdTh o,
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Glass knife DKiliiciz, YHAEBEENICE > CHHCHBTS X 51, 10% aceton
KIEW % #ite L, microtome T 200~400 A o> i) A % EBY L1co

Bk L7z a, b, c o=BEDOETEHEC L » THAFETE, BK, @I vTFhi
UAEHCE LB ST, BERCRT 5ERIED LML) 5 1,

© WMFRe

¥l contrast D B IdDYIA Gtk s LT, Millonig (1961) #.LETLELHIC
contamination %47z { contrast 2%\ B RS = LK D & Sh b Reynolds (1963),
Venable 5 (1965) D JiEnH B4, & 2 Tiahdic uranyl acetate #<%ufs L, Millonig
0 lead acetate WCH LT 5 —ELREEY BV KR,

29, uranyl acetate 20 minutes
Millonig’s stainig 10 minutes

Composition of Millonig’s solution

lead acetate 6.3¢g
1H20 100 m¢
sodium hydroxide 1.45¢g
B {rochelle salt 0.25g
H.0 100 m¢

Filtration after A+B
2% uranyl acetate ¥z mesh ORRHALY Tz LT200BHE L, RYKTI0~308<
LULKET Ho KRICAW, BREZThFhISHBEML, BEe L, P L Millonig #izi
BELTIODH_EREL T, BEKTKERTE, BRCERIE, BHEOBZHL
7o BEAIT HS— 7% - JEM 100—B Z%:BAIE FBEMBE & Lic,

I BER&SIVER

EREE OIS, BABE LTHVCIBOTH 0.2 pm, BWiisrc 1.0 um DR
LB Hh, xoRAic1~2, 3BOMBNOHERINDIERBY DD, IHLREL
DRI 2 ~ 3 BOM TR I 1 5 BMIAA B b thohREITEROHEMIL L &
W B BB D Do

MO #E S, BEPFRBCEI—BEFEEL TV 5, BMEL—EROWZBE1EL,
F DI E 134G 4, mitochondria, Golgi body, ¥as88b bh b, Zh bR,
PNRESR L OMROMEY #HC L b EMCBET 5 oic, RBAEOHTHE~NL=8
FOBEH ExRAKER, RO X RBREGOERIRED b, (LT, osmic acid 3
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MEE 4 BE %, osmic acid - glutaraldehyde BEBEEXEABE, osmic acid BEIE,
glutaraldehyde BETEO —EBEEY ~HEE L L)

% BhviE

BihSE B THELHR L, ZEEE Kb ERCHEOM/N BN ENBE SR,
BFEEOBEVERROM/NMEZ R Sbh 5 (Figs. 8, 9), BMEEOHE b O/NEE LK
THZ LMWK (Fig. 1), Lo LEABEEIMMOBBECHE L TETFEENPREL,
BFREHEIS L (Fig. 4),

ERE

HMEE (Fig. 1), RAEEE (Fig. 4) FERGOBESLHSHFI LA, bInicfR
o thylacoids LRSI D - L LERITHS 5 LHETBICL L E D, BIECORE
BT TH D, “RETEOEAIERFFOBBCHLTEY, ~EHOMBCHETE S5~ 68
FEL, KEJIRER 3~4pm, FHE 1.5pm §iROHEREL LTE), BMEEOB%
METHETH B, RBMRTIIHREOE»BE TchH B, KEMRITEBOMIDC LB L
TEBEOKRE ST, MREOHKE GBI TH L0, NMNIEOBREIBLTH %o
ERpr il BT 5 L (Fig 7), ERMetbr Ui EoEREDE (Fig. 7, &) *
T DOWEBITSEITITED 6 D BAA—2D Bzt /- THE IR TWw5 band REBKR S,
Stroma 12 R B FHE O E R T AT A carotenods MBI ICBEZ I, BEDHE, B
TFREPEP IV ZERZRLTO S, TNBITEEEhAWE L, BEROERHILY, K
BoEAERRIcB LD EEL DR D,

Mitochondria

THEEETHE L4, mitochondria (34 0.5 4m, 8% 0.3~0.4pum OKXXT
EAMEE L, cristae 13E/NERBEL LTV200 0% (Fig. 8), HEMMY DO mit-
ochondria iz B &} %2 mitochondrial granule (+38% Hhfey ., MOBEECILIERIZ &S
2B EFARAERTH Y, BEBEDBE LT ORHMA /L Er HH3 2 mitochondria
THHH EHBINIBETH D, FHBEIETIIT LA LBIIHR,

Golgi body

Golgi body 12/K < fli4 OHEBICHEE L TR Y, F MMM Dalton (1953), Sjdstrand
(1945) BT L > THHTH LA XN, BETIIERESOMEaNt Golgi body #
By, foOMOBBICIIEE LTS, “EBEE L Golgi complexes & Bk 5
BERECERMEIEE LTEE S (Fig. 8), —ooMilCES L TEED Y, Golg1 sac
b OBCBIRIER D, HEEE, BARECETRERLBEIE L,

i)
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B BA CERAERLLCHETEE0-BoRTE e Kiangiggsh s (Figs.
2,5 9, —EETC 2R RO WA CIRKBETERE %y (Fig. 9), tannine DRFHE
KRB L TV 3%, AEBOMRTIRRIMREAO XS EDH 5 X5 wwiny, R
A DHEBHBESEBHENEGTh Tk Y (Dodge, 1973), BEIEH TILI DX 5 It BEH B4
LERBCEBETHEEORE LTHEINDI D LEEZ bR A, :

#paR :

MRERYERTAMREIMRC LY, WALWARBTREYRTY, ZEHEBOHA
YL THEERBTFEE YR L (Fig. 8 XMH), BAEE, BREEOFCEFHBEIE
{Teho MIBOBENIBEEHCEEDMATC L - T, Rokdbbbhienl, —&EHE
EOHE it ribosome DEREEN R ON DL, MOBBETITERLBERE L,

fapakE

CHEEE, BEEE, “EEE L bR BT B EROBUNMERKE 2 8l 5 Bk
(Figs. 3, 6, 10), BEEE, —HEEXE1EHATh L0 LT, BABEDOHAE L con-
trast 2RRE <, FHERISBRI LD,

LI (1963), Robertson (1959) % & % &, B&HHY O MAYEEL unit membrane D%
Ly, PFROBTFEEOEVBL, MAUNCETEEOEV-BALBN I, Ko TFEYI%
ARTHEDTHBELTB, SEAVCAMCIRABOMIREE, £B, RBOMIEE ¥
WIROMAREE & b —R e TH B0 LT, MEOMIEECHili (Figs. 3, 10), K
HEGCIBERE L -RTa, ETEEORVEL, BUBL2EIIIh (Fig. 6),

B/ artifact 03 Lo, AEXCMBROEES RS ShS X 5w LTHIRRS 2 51HF
THEOVEETHHY, BECEEY 52 2RTE L CHEROMU» AL L, OQRFA~N
BEFNBRET LM, QOBERAEORET, 215 bh s, OEErk LiET 1
DELT, BEEFABITOHABADRE R LU EHREZETE M LT %5, Glutaralde-
hyde % osmic acid \ZHRThHTHARBEIVE . ¥ -BEFOBRB~OILEE I, M
HoNBcR R X s BREEBC L > T EE &N, osmic acid 12 L 5 EEEL
Bz xbdTH/MT, BEFAIR R X BBEC L > TTh U EARONB~ILET A &
MKV, Glutaraldehyde <0 osmic acid AT 2B CIRABOE X3 1 mm® LIF
PEFE L& IhTWw% (De Robertis, 1975) A3, &EAVcEBHITk#H 4 o (0.5 mm
BTF) Thahb, BESBZSIGEME LV EEZ NS, RICQOEEERAHED G
HoORBE VT, KEAOBBAIEE L LTHEOERERMCIERT, L E2 605
2, Bh BB NOMMAEAEERREY VDT LI ORIDO TR T bR vy
Osmic acid {3 Palade (1952) [J3kE, MOS0 BEAHRCELFRAIR TV A2EERO
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—DTH DA, osmic acid OBMEEIIEK, WMk, ¥R, MIRE, MiBoBgZciiy
RETHhH B2, FERfk, mitochondria, Golgi body HDBEIIICXPARHEUTH S, D
B L LT, osmic acid 2VEAEORERTICELLEYS 2, HL OBEHBECEEHE
PRET oL, BAERERZLED o REFYTRVWEELLRSE, —F,
glutaraldehyde 2 1 4 FHic 2> aldehyde %% L, = aldehyde D —FEiaE
BN amino £, carboxyl J&, indole XKL T, MoBHESTF LMK
bridge %R L, MELRESDRAH Y, MBS —B#EEY X < #HF¥T 5, Glutaralde-
hyde #{#f L —BEIE CTi23E& 4k, mitochondria, Golgi body £DEFHEIE L, &
BLEETH B, it glutaraldehydi Ok b, ThOLDPRBECEERTWET
BHEAE @ NIHEEIRBRD TRV EEL b, De Robertis & (1975)
W2 X B &4pic microtuble, filament % X { B L, KMOBBEOMEBRECHALH
L, BRFOMORWHOBTEEYEDD E LTW5H, RARBERIICILZ LA ERE
7, BB EOBE A H D L b T w5 (MK, 1979), %7 mitochondria
oft, B A k4 = &, mitochondria, Golgi body 7z &1z myelin 4 HBE X ¥ 5L
DATEHHFRLH LR TWD, BEDfs D osmic acid BEHMEEL D &, glu-
taraldehyde BEEHADO HoMBEERS N L, BWCHEBIRNREAY s LiZ L, BREE
ENfTlebh s, AEEAHYRARCHERCER I 2 BAEEE, WEER Sy £
Ld-oBEETH Y, “EHEEEL O LR & TR K, BHEQI0) DX ->THE
ADBBFIHER, BEFAEEIAGOATWBS, SERAWREBTIL, osmic acid .
glutaraldehyde BAREEILZED 53 < , glutaraldehyde §ij[E %, osmic acid #EFED =
BREENE LSR8 Sh, MRS & BER & oM RICH TR I i,

vV #

REEMCHE LT, BEOBEC X AMREHHEIBRTV2 L vbhTw22Y, %
DBEAD—2L LT, EABORBEINBTOA T2, BHCIFSHEYCHEE LS8
BoOEDE ML HED TR Y, £FEHMREKPTHL 206, BBEEOE LY T
FEBLIEENVLETH D,

4B, Undaria pinnatifida OE# « BER L OHROMAEY, M L ERCHE
TEHLD, §ETCRERINLIB) LEBEOEABHELRAAR, TORBEBRY LR
(Table 1), glutaraldehyde 1z 0.1M cacodylate buffer (pH 7.4) #inx, 5°C =T 2 B
HEEAR TV, X Bt 2% osmic acid i 0. 1M cacodylate buffer > ¥nL, BEEX 1T
5 “EHBEIRENEEN R, BTFREDRN L KD REFAFHENE LRI
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Table 1 Results of the fixative states of organelle
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- Single fixation Mixed fixation Double fixation
Types of fixation of of osmic acid of glutaraldehyde
osmic acid and glutaraldehyde and osmic acid
Fixing hours (5°C) 2 hours 2 hours gngtig:;it?:nzzh}?g;:s
State ofS éggo}xll?;gness for good good good
é E Nucleus - Nucleolus good not so good excellent
kR Chloroplast bad bad excellent
: S 8| Mitochondria | bad bad excellent
f%’ﬁ Golgi body | bad bad excellent
; a% Vacuole good good good
'g g_; Ground substance rather good rather good good
g5 | Cell wall . 1 excellent good excellent

KO AFERCKRAHBY 2 HEEL T IV LAFRLEREXR JIEvWo28R, 15
ERFEBEOH RN BAEIESRR, EREHHEBCREH G LET,

2 £ X B
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Fig. 1~3.
Fig. 1.

Fig. 2.
Fig. 3.
Fig. 4~6.
Fig. 4.
Fig. 5.
Fig. 6.
Fig. T~11.
Fig. 7.
Fig. 8.
Fig. 8.
Fig. 10.

Fig. 11.

Explanation of the Figures

Electron micrographs of the Undaria pinnatifida fixed by single fixation of osmic acid,
Epidermal layer cells of the Undaria pinnatifida. Though the cell walls are well fixed,
the nucleus (N), chloroplast (c) and other cytoplasmic organelle are not so clear. x 7000
In the dilatated cortical layer cells vacuole (V) and chloroplast (C) are observed, The
fine structure of the chloroplast is obscure, ‘ x 4500
Sieve tube and sieve plate of the medulla, The fine structure of the wall (W) of the
tube (matrix of the medulla) is recognized. x 3500
Electron micrographs of the Undaria pinnatifida fixed by mixed fixation of glutaraldehyde
and osmic -acid,

Epidermal layer cells of the Undaria pinnatifida. The fine structure of the nucleus‘(N),

chloroplast (C) are obscure. " x 8000
Vacuole (V) in the cortical layer cells are not so clear, >§6000
Fine structure of the wall (W) of the sieve tube is observed. ' . %5500

Electron micrographs of the Undaria pinnatifida fixed by double fixation of the glutara-
ldehyde and osmic acid.

In the epidermal cells the fine structure of the lamellar bands formed by three thylacoids,
carotenoids (CA) and double layer chloroplast membrane (1) are seen. ‘ x84000
In the cortical layer cells, nucleus (N), mitochondria (M), Golgi body (G) and cytoblasmié
ground substances (3%) are well recogneized. ' x 20000
Vacuole {V), nucleolus (N) and dense materials (D) are also clear in the cortical layer

cells. " x6900
Fine filamentous materials of the wall (W) of the sieve tube and sieve plate are observed,

x 15000
Fine structure of the wall (W) of the sieve tube are also clear. x 9500
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