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Improved Method of Rapid Freezing and Freeze-Substitution
for Tissue Cells
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Abstract

The ultrastructure of freeze-substituted Malpighian tubule cells of German
cockroach after rapid freezing was compared to that fixed with conventional
chemical fixation. As results, freeze-substitution proved to be the superior' tech-
nique revealing much more structural details of the tissue cells.

Especially, all kinds of membrane structures including infoldings, microfilament,

microtubules and ribosomes were best preserved in this material.
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Deep freezer7} Qv A% & Eodu=z
dry ice® ZA ¥ o] acetoned| HA L=
plastic ice boxi} HFg A €& &
acetoneS HWerh ol¥8A 9 ¢ —80T
7} "tk olmel acetone AMEA THEH
2 ALl = Fukslu, A7) 4% osmium
tetroxide HH S BET A 3 o
Z dtojo} 3}l Acetoneo] FHAF mRAK{E
Ao® AW " g do] AHEE Hol sl

acetone A}£3}A € Aol =i ek
AF2-¥ ZHo] Sl acetoned o|{ET A%

A7 2 MtA =5 Malecular SieveZ
] 9314 osmium tetroxide® £7]/2 A&
38 "t} Molecular SieveZ} 7= 3F MRk
ERE 371 WES o 4% W% FHE
.

3)  SSEAR A E- MgElstd Mal
pighian tubuleS Awa] @39 urethane
sheet9} teflon dish7} £o|0+= specimen
press—fit rod ¢ &dE Ut olu= &
oAu g gHo|u} bufferz ALE3A Fevh
oyt B %3 mEolt mEkaol BEEL
2} sle e ¥a%+= A$ filter paper
2 A AAAINEE 3. Rod9dl A
B8 £9¥S ¥ AE3A freezerd in-
sertion portZ @I FHh3 wa YoM U
2 A o] copper disc®| FMmol HEBAIA &
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WE  AJZhQte] ol FojHol o F 10%
ol o] Bgsol ol FolAobd mA TR &
BeE &g & sdvh BHA MLEES ®
#A717] Aol duldge] #aso

4) #iEER  Copper disc Holl %Al
MREECl A 2-3EAE HESH ¥+ F —80
Tol 2#H AE WTHAEPR
tetroxide in absolute acetone)&] ©l/j& =
A=A dolF T BESIA HERES]
HE FHoludo. olwl &3t olvtul
B et gilol HHEv gEd 57 4
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A HRAM ALEE Fike plunge-freez-
ingiE3} slam-freezingi o]} plunge-freez-
ingihS K] W F & Zo FUHNU
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t}. ¥+ slam-freezingd| A+ ML £
froll & mMES EAFth Plunge-
freezing®oll A ¢] Ad, 183 slam-freez-
ingol| Al re-freezingol €% HElL BES
mitochondriatte] A E A & YL
2 AEgBAzds BESA Gg(Fig.
1.
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Fig. 1. Injured cells by numerous ice crystals. Bar means 1 um.

b 2mE oS EEHkFig. 2)% slam-
freezing#k(Fig. 3, 4, 5)oll A ML £
oA & BRE 0¥ & AJT. oA
Mg AAE B, Fig. 20X MipEY
B2 Harol Hlo] o] FAF o R Yol

v oV fle AMYE BZEs1n glond,
slam-freezingi:ol] 213k oA B 1
o] Y= o] ¢ti(Fig. 8, 4, 5).

< AA s B 4 ribosomes
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moleculeE o] HIRE AN T BEHA
o
Basal layero| A, {b 8 #HH BEEENHE
#&AH A g+ filamentous structure’}
A3 #EE FEHUANFR. 3). B
basal layero] <1H3 HMAIBEIA micro-
filament& - =3 & HEHS AU 2 9
9] 9] microtuble® Al FEEEEA RAFH o
A H(Fig. 3).

Infolding S A] {t2#y EE(Fig. 2)el H]
3le) slam-freezingol A ksl Fo] #H—
ston, BrEmoE Hol #£8d fime=
A MR RS2 WolA JAUTHFig. 3, 4).
3l gap-, septate—junction 5 HIRE 4
& Fg AwtH oz R Ads FH
ztol & Bl FUtH(Fig. 3, 4, 5).
Mitochondria & A] t}& EHR vizrbA]
2 cristae® o] FREE #HE7T (WRME
kol vlste BaEgEstA RE H At (Fig.
5). 1 ol HEE FA RFNA Aol E
BoyFEgon AZFFA T HFE glojA
& zolg BAF A (Fig. 4, 5).
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C@ATA 2AEY Je WEBE HES
57Y4 Axeolth. 2R L 1) spray-, plunge-,
jet-freezing, 2) popsicle—freeéing, 3) punch-
freezing, 4) slam-freezing, 123 5) high
pressure—freezing -] tt. ‘

OJEF A WRAA A=B EHFHEEL
plunge—freezing™ slam-freezingo] ©}. Plun-
ge—freezing& AAZE HEtel Fo] £, %
B oA FANATS 2 A+ d&
1984),
fungt (Lancelle et al., 1985), pollen, stamen

B flagella (Marchese-Regona,

hair, microsporocytes (Lancelle et al, 1986),
aleurone layer (Fernandez and Staehelin,
1985), blood platelet (Morgenstern et al,
1985), insect sensory sensilla (Haug and Al-
tner, 1984; Lee et al, 1985; Steinbrecht,
1980, 1982, 1984; Steinbrecht and Gnatzy,
1984; Toh, 1985; Volker et al, 1984)% o]
plunge—freezing® o] Z A7) sandwich
-freezing KL Z HEBEEAA BEES
H&3 A

Plunge-freezing ' ol A
Al2-ElE AL liquid propane E& liquid
freonolth. o] EEe 714 8% Exe
WEEHE Y], liquid propane®] A-$ —10,
000°C/sec (1-5 pm) A xo)w liquid freone
—2,000C /sec(1 ym) 4] liquid " propane°]
wiEHEEyl w2t (Reichert Scientific In-
strument £ Quick freezing and freeze-
substitution workshope] #&i#&ZF oA, New
York, 1986).

4}7] ‘liquid propane®] 7%, ice crystal-
freee] AEjolx #Eo] ste3 A5 F
2 1-5m FEAA A @Fede A
& FHIRS WA "

HESEEE TolA™ TR ice crystal
ol K™, Whe}A ice crystalEo] MR
BEWES WEAZIEA Mgl FiF3HA
L2h=2 :

cryogeno =
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Plunge—freezingol| x| @5 EES BIEA
FIA wreE 29, MBS MALAIZ cryo-
genoll Fol@&of Iklkme BEV} cryo-
gen(liquid propaned] A%+ BE —160TC
oA —180C Alolex ALg-H)BTE UA
YA ¥7] @& A&7} cryogend| BE
&2t cryogene] EALH o] H#tet cryogenst
2] Alo]o) gasfgel BEE™, ©] Fo] AR
g EfEA —fEe REMEHS AF7
W olch, wEbA MEMMR WA EE
BE Mg BEstuA ¥ g plunge-
freezing2 18] £& Fiko] HA £33

ojof] 1980 thel Folelx AHfLMIEAES
2 RS 27 AR BFEEE Hko
slam-freezingo]t}. o] WHE 2ALo=
W2t coppertt silver, & gold block 9
o HEE WHA Ko #MAIA (slamming)
B, BIRECE WERAYE Hkolth

olm blocke #AMEE WAl 2717 §
3led oxygen-freeo]o}of st} L3l block )
FHS FAHAE wZsledol ). Block
EWHol ujstx oW Fmol HEE Al
7} WolMA Sttt Blocke 2ALO0E
HHAZ e FZ liquid nitrogen -2 he-
A&-3lt}. Slam-freezing®] #ifH&
FELE E# melting cryogendl] 2o @EEA
F1A] %3 A 2oZ HHEA blockol] #AE
A 71&, ol &4l Mg wEAFES #H
&t7] @& plunge-freezing®] 793¢
gasfgo] MRHA %=t &AM 2o
2 o] o]Fo]Zt}. Slam-freezing'y &
Van Harrevelde} Crowell(1964)9d) 2]3}eq
g AFRE ot 1980 dthell bxoF i@
A=Y AlRstgrh 1 ¢= acinar cells
(Ichikawa et al, 1980), type I pneumocy-
tes(lkeda et al, 1984), fibroblasts(Hatae et
al, 1984),

Ichikawa,

lium-&

acinar cell(Ichikawa and
1987), cells

(Ichikawa et al, 1987), leyding cells(Na-

mucus-secreting
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gano and Kamimura, 1987) S &l <
AR Sl PRMEEE 7 Big s i

B HE & 2 (freeze-substitution) o] & ik L
Al&-3lt}. Acetoned " § 3
(melting point)e] —94C=A QuraEQl
WEEH EEQ —80CAdAXE WmMmKES
FA 3, —80TCAME 27 RAERS
st AUE EES AYn gt o
—-80C9 #HES MM fFEste B
< BRWEEY BEholvt 248 9] 4
gAe 7heshe e 2rdA RRkIE ol
Folz ok tm, acetone® FHo] —94T
Aroly &3] AlLE+= deep freezerd &
KiBESES 1ste o] Fod Aol

HAEEBRAA ] FAHL re-freezing S
dotol ghoh. &, SEFFENA EEEHRS
2 dojzdd ©ds RS AXA Hed,
oluf EFfflc] BHETA A#HEIE ARV 54
ot dk ARV 52 AU HEEER
o] @R R Jol7bH #A¥E re-freezingd
ot ool = HIHEE VF =7 Wl
EWABE ice crystal FAdol oEt S4
3 #ge AR G(Fig. 1).
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et B4, 289 A7 (LLEEY 9
g HEEdE 3G RREE HAF3 Y
o olEe #Re AET 2 439 A7
g 53t Hotz A Az & $ 9t

nlF o] Malpighian tubule®] #Hfgo) A,
A £Enes B2d (L28K BEEAAS
Holu MfnEeol uiFE o
Hlo] ok v SEmAE o @
A e oudt WydMde WL BHR
F AUtk o] Wxe Eme (LEHHEN
o3 EEANAM, BEH HEEEHY BRE
o EEfEHS BIEHE 2o HREHo
Mo 2 mA ke Aoz yzhd

Basal layer #fuoll A R®, {L&8y BEE

o] A amorphorous substance®A] o] £o]

= acetoneg-
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A o] MEEHAA T, Skl 3 #&
RoME B8 filamentous structure
BT & Aok 283 O PR &
g 3 kel #sEdpol 8% AS
= 2T o+ 3. Basal layero]| Biin®
Aol AEAE microfilamentSo] & £
FHo] BRI, 25 Aol A micro-
tubules HA] I o] UJTh MIERH
ERol Al electron density”} 73+ particle=S -2
ribosomeE £+, 383 HEHENHE EBE
ribosomeE REAZ FE U2 olF9
REE ol e THWEA o3 BEH
c HaE & JE AR LB AEHDE:
o] %553ttt

23 infoldingo A, 3letd EENAE
I Eo] FRAATo R o SEmE A HiE
B s —EA T MRS BE A
= I EZRE RAFAY. Fig. 494
B, B ST WY E 9A oA
st om 1E AlolY spaced M EBFE
7Y oFetA Rt ojm g WEe 7} HEER
2}t Mitochondriao] A cristae S A] o]
F9o] & #FEEHH, o fiAtol el E FA]
—EStA T HiREALo]l o] spaces] F oA
w9 —%E38H, 1E A}ol9) gap junction,
181l septate junction A B REHQ

o},

rlo

ek

ol9} o] TOEMA BT HEEHRS
e 2E RS R, 23 ol
HEHHES ¥ LE HESTEY {%ﬁﬁ]

QoA w3 EFEEMBEN FERT &

g olgts Aol oAl HERE AT 5‘3?&
MR ©l& MEBRAKS RE, &
EEFEME, TE1 EEETEMES
BWAAIZ & dth. E3] analytical electron
microscopy, - autoradiography (Harvey,
1982), freeze fracture and etching® im-
munocytochemistry (Menco, 1986), 1821

ion localization (Harvey et al., 1976)% %=
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ARAe AN ZRA EEHT glow,
# FAAAE0FE HEHo] A
ERAAEN A o2y fige] WhESHSY
HAEES ZkTh TEEESE BRY
AA 5 A H(Osatake et al., 1985; Arima et
al., 1985).

weld A HREES BHE HRE &R
Solgt HUBE ThA S, kB
#o2 mRHCF & Aow A7, o
R EFEEEEIdE R5¥02 pba
Hike wHAA TN MAEESE BTN
%2 FIASHE WRSH mAstdo & 7
o2 AZET. 3 ol BHEZIAS M
M) MT WRERSS Ad ynRol
LEEEC 98 ABH HES flss 3
oz Rre RRAQ, g2 JFY
BE WAL WM AV WEo)T.
3 MmE 2o EEsA f£EAZ 5 9
HiE wEd S BLS J1edol B Ao

2 479y,

2

4 r_ﬁL i

i

2

]

HEEZA dstd wHE ERS o83
SOEBAE olo) MAFERAZ MMBMEE
4] v}7 2] Malpighian tubule #IAES @% 9
fLBREES og A7 HhEmsle 2 #58 &
HOREE, BUE BRSOl MY TR
RES ddstde 249 EFI FHogde
Fo| sel=Eth. &3] uifH e Malpighian
tubuls?] 7%, infolding& ¥ 33 nE
WiE, AR, PM/NE, ribosomesd) f#
oA st

B
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Figure Legends

Fig. 2. Distal portions of Malpighian tubule cells fixed with conventional chemicals. Note the

irregular infoldings(IF), basal layer(BL) and mitochondria(M). Bar means 1 #m.

Fig. 3. Distal portions of a rapid freezing and freeze-substituted Malpighian tubule cell. Vari-

ous organells such as infoldings(IF), basal layer(BL), ribosomes(white arrow),

microtubule(white arrow-ahead),

outer membrane(black arrow-ahead),

micro-

filaments(double arrow-ahead), and septate junction(black arrow) are particulary

very well preserved. Bar means 1 pm.
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Fig. 4. Portions of a rapid freezing and freeze-substituted Malpighian tubule cells. Nucleus
(N) and nuclear envelope, infolding (IF), gap junctions(white arrows), septate junc-
tion(SJ), mitochondria(M), and ribosomes are well preserved. Bar means 0.5 um,

Fig. 5. Portions of rapid freezing and freeze-substituted Malpighian tubule cells showing well
preserved organells such as nucleus(N) and its envelope, mitochondria(M), and sep-

tate junction(SJ). Bar means 0.3 #m.
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