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ABSTRACT

The origin and the function of cytolysomes were studied in the mesophyll cells and the

root-tip cells of Glycine max Merr.and Zea mays L. fixed by paraformaldehyde-glutaralde-

hyde-0s0y.

The cytolysome-like structures were found of three main types of configurations: multi-

vesicular, myelin like (multilamllar) and multitubular. More complex and mixed ones were also

observed.

The origin of these structures seems to be initiated by invaginations or in holdings of the

plasmalemma into the cell interior, and that by aggregation and convolution of endoplasmic

reticulum in the cytoplasm.

Invagination of the plasmalemma were found of two main types of configurations: concentric

whorls of lamellar and multivesicular.

The structures were also observed within vacuoles and cytoplasm. Since the structurers

are widely distributed in the cells and are greatly varied in sizes and shapes.

These structures originate from the plasmalemma and the cytoplasm subsequently protru-

des into the vacuole, and that seem to play an important role on the

autophagic vacuoles.

formation of the

The possible function and fate of these structures are discussed.

I. #% &

B ERE- e MiRE =+ ®EA
HrEe 2 Seluel /P, MERSEREBSEY
o) o] el iE G ol BASh A= By4pMEH (Clark, 1957 ;
Ericsson, 1969), fIE% (Pontefract et al, 1969;
Silva, 1966), B (Moore and McAlear, 1961 ;
Hyde and Walkinshaw, 1966 ; Landecker, 1971),
%5 (Barton, 1965 ; Crawley, 1965)& »]|%3éld
B (Buvat, 1964 ; Esau et al, 1966 ; Matile,
1968, 1969 ; Mesquita, 1969, 1972) ol A #lZZ =&
23 gled o] ¥t myelin figures(Palade and
Claude, 1949 ; Carbonell and Pollak, 1962), fungal
mesosomes (Hirata, 1966 ; Zachariah and Fitz-

James, 1967), lomasomes (Moore and McAlear,

1961), Paramural bodies (Marchant & Robards,
1968), multivesicular bodies (Halperin and Jensen,
1967 ; Fowke and Setterfield, 1969), membrane
complex (Thomas and Issac, 1967), boundary for-
mation (Esau et al, 1966), autophagosomes(Poux,
1963) % cytolysomes (Novikoff, 1963 ; Mesquita,
1972) % HREEEL Rl et &% g= &%
sl glrt.

MR o] WMk (cytolysomes)ol]  BHa) A
L Novikoff (1963) I Eh¥pfifgal Lol 4 o) FEE st
glagol A K= KT EREERA Kl Ml
He —MERERE 7RANZEAN RIEMR
TR A7 Yok wiTel 2, RN
AL Poux(1963) 7} Triticum vulgare®] 5rZBHK



Mol = FRHEE ] Bb&o) Velbi o) Fol =
acid phosphatase o] iEko] 9l&-¢ BgEatal ok,
Z Buvat(1968), Coulomb and Buvat(1968) =
Coulomb (1968) = fl# o] 5ZUMMBM MR 4 MEE
o GEERT &R FEolY Bmel AAM w
(autophagic vacuole) 2} H2l3HS Wy, = 2
Mesquita (1972) &= okshel ol il sr 2
HifEel 4 HIE S a5 sbal BHRAF gl o
AL WAL TEhd A S Aov A mik
B st AR ol #ES BN Novikoff, 19
63)o 4l # ¥ cytolysomes sl 2FS-  AHolzlm
g1l o}

WIS cytolysome-like W= BB A
(Marchant and Robards, 1968; Mesquita, 1972 ;
Mahlberg, 1972) == MiHIE P 4] (Walker and
Bisalputra, 1967 ; Chang and Tanaka, 1970 ; Mes-
quita, 1972) R =o] WM (Mahlberg, 1972 ;

Mesquita, 1972) == MRELRE AR EHyE
°] A (Cronshaw, 1965; Esau et al., 1966 ;

Halperin and Jensen, 1967) 3} zted o] ol
WREEA el 2 REE Zelsta 9ot

Hebd EFEE MM Lsisyel =e)
Cytolysome ¢] 7|9z} 7|54 £3xdoa A=xzm
2 K HRE A x5t9c}.

0. ## 2 FHk

Glycine max Merr. &t Zea mays L.2 TS
LIFAA Wi AR $HhFEDNF-E paraformal-
dehyde-glutaraldehyde (Karnovsky, 1965) 3ol 4 &%
BEEZ ch-dol 2% 0s0, (Sodium cacodylate bu-
ffer, pH 7.0).2.2 #M@EiEstod Epon 812 RAE
(Luft, 1961) 2 24 f#stgcl.

Acid phosphatase 2] MEILBHTERo 2 A=
glutaraldehyde ol #iE]7E & c}<> Barka - Anderson
(1962) o] HKAEEBEMNA 305 =& 6071 (37C)
REEAZ cb-& 0sO, 24 HEEHA

Y2 porter-Blum MT-2 ultramicrotome °. &
4 semi-section3 g}E7 o] FM sl frFEEH
B2 4 BIEHSEHCE #HAED oS BES
o HEeyl-g myc.

paraformaldehyde-glutaraldehyde-0OsO, H[H
& Y1H-& uranyl acetate 2} lead citrate (Reynolds,
1963) 24 PHBTRET 93, AREBm K
MEREHA BEER ke EREREBIAY £F&
Hitachi HS-7S Zf (50KV) e 2 B4l o}

m. #& %
Glycine max2} Zea mays®| HhIE P KL
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ARl BRIl = el % (Fig. 1,2),
NER (Fig. 3,22) = S EEMEEwe %E
(Fig. 3.4, 5,6, 20,21) 3} o]of SRR 8 (Fig. 6,
10,23,24) 7t FUMEER (Fig. 1,7), 2 &M (Fig.
3,7,8,9,21,23,24) oll 4} BEE ==, FERAM
A& MR R of gkl BEES o},

BERERS fd8 Aozl % 515 AR T
Z7F BEsgloh. 1 shue BEREB ) MMEN
£ pinocytic vesicle-& 4RSI o] & A} Wik
HAZ U5 Sozo] Foid 2ok (Fig 1)2
o] T I Lol Hfrfiez =) 200~1000A" 2]
P ERE
McAlear, 1961 ; boundary formation, Esau et al.,

3l c} (lomasomes, Moore *and

1966 ; multivesicula; body, Halperin and Jensen,
1967 ; Fowke and Setterfield, 1969). = Fig. 2 ol
Aot Zrol —Ef Z/hitks MIlEEMNEZ AL 33
Hel WiK-S A wHNE 52520 500~
1000A°e] sl #—3 % Maz AR5 100A°
ol ZAE A e W PEEel BAs ofe
2 BYEHS S SBmsle] SBBELY RS 8F
e Aol U3 BEAY.

REES 32 MR %k Fig 7
A4 B shet o] MiMEES Hnstd WhAD
EEste] BB EelsduAE e 2aso
vebdedl 2 fels REE, TIBRRERE
& Y BAR hEa B —# siREo)
BZEgc. = sl Fig 404 2 slelzro)
IRIPEE ] fIIREME §75be BRike Sm@upy
#:& (mesosome-like bodies ; Chang and  Tanaka,
1971) 9} o}zlo] w5 3AFslo] MEERE §2)5
oAictn ol Ao w4 (Fig.5) = ol
= ME) U3 ol X)) IVE BN S
Bike) £BEHEE T B2, o % B
WiEN A dfEdon VoA M-S iB B
o] HAEHES BIEMNE S350 Jebytid (Fig
3,6), Bk MMEL EIREANS SBEMEE
o] FPRIB MMEE S Yebg g MFo] Hn
it oA, o] IELS FPUWAE A=
3 A} —EkAl FobA A L@ wle
ARG By oiEe EFEES Eolxx
oA AA KIHNE 23l HiENY oy
felsled 2.

HMRE M= Fig. 904 Riulel o] %@
RS aFE, vEES o), Golgifts, itk
2 microbody 2} 234 A= o] e} yiok.
Glycine max 2] EHMMEN = F2 TR itk
7t =dl MEEMCE Fig 16, 170 4 9} o] 4
FhitEel “HEEo] —HAEAS Tl dm



(cytosegresome : Helminen and.Ericsson, 1968), —
HiE —Hs Blke=z LBEMBES W
QEdl 2 PR = EERES BILES el
wWeler, EERtEe —EE-> Bk 5
R3lAl EHI=ElLu (Fig. 8, 18,19), Fig. 18] 4 W=
ulolzto] ERKIME/NE 2] ribosome o] /NEEfEiE A
A olekE A EERIMENRGR #ilu —FEE)
5713 ob-g s MiEo Bkl 2}
EEhIE _HR Eeldlolx SHE MEES
gfs 8o MEANAE Vel (Fig. 8, 19,
0), ZHEEY) —He BWRAE 255+ itd M
BER HRBEEHBE L Jelbder) 33 (Fig 19)
olob W 2 Fig. 200l 4 B upelhzte] HMEES
—#E Eex —HEKo BiHE %3y £8
B #aE & st Aol BE= et = Fig 20
< MEel Aa LA viEe] REHEES 5
7tsted HEARE A 290 (Fig. 8,21). o] =
BB o] £BEEREY g s« =
HES WK B2 YA S eo —HES}
Balololl = MREKE IVES o) %1 (Fig 22), 1A
< AE ForAn F¢ite WREAA EL3 o
el o 4 HEEEREE BIEAR T2 #9
(Fig. 23) slvt i weoj =& FrRe| BZEs .
WHRAZ olgs: SEBHMEEE T2 3 K
ol Sa2xto] i (Fig. 10,23,24), A4 nlo aliEH
e #ial oty BFHEEY Fo. MBS K
WHEEA}o) (Fig. 11, 14, 15) == # A (Fig. 11, 12,
13)oll gl cytolysome & HAMRE 0] A-f-3h Foll
+ acid phosphatase 2] Gt o] Vieluk+dl, o1 AL
o] B ol WEGARAA MEL —& HRER
7t BEE S #E acid phosphatase 5 &HEIL
o] MK EEEH ol K3 BRYER o] bk 53R
224 EL£3E BIESE Aozl HolAlr).

N. & %=

A ERAA MRE 2 RN MGt =+
SHBEAR ) SRS BRAdEn o) #iE
ol Bsl A EElA A& BE =3 (Girbards,
1958), Moore and McAlear (1961) = EH2 ¢
glo g o]Fe|A /IHRKHESL S lomasomes o]ztiL
WA e 2 LItk olet {4 WS BES
o] Rfge) w=tet kol SKJ vkelde] boun-
dary formation(Esou et al, 1966), multvesicular
bodies (Halperin and Jensen, 1967) & g o g
A =e] $=d] Marchant and Robards(1968) =
MEE A Aasl olE HEE paramural bodies 2}
a2 Pgst ol RS o4 FHEENA dERsE=

plasmalemmasome 3} fiIE M2 /NMEE e K
5] = lomasomes 2.2 [EHIS)S]c}.

o] W& sl BN A= EEIE A
(Hashimoto and yoshida, 1966), /Nt /INpfufh o]
4} (Marchant et al, 1967 ; Chang and Tanaka, 1971
71), #HE 2] mesosome &) M=o 2 (Pate and
Ordal, 1967) =+ FMHEE, WRE, MeEBEs
AR ¥ WAlE FH P22 4 (Echlin et al,
1966 ; Hirata, 1966; Mesquita, 1972) R A=
& o) o]l slr}. Chang and Tanaka (1971) = BEHE
9] eolalgt ME—IE#S EAKEE DItk A
S £l B4R Ptk “EBEPM S0k,
myelin figure, &FRE2 £& Fsl, o|AL
lomasome-like body, mesosome-like body & Pa-
rallel-lamellar & #&}c}s 3191 ).

A BB HRe 2 7ol 24 Frixg B
A=l 2shie BERAEKE ¥der B2
7% (Fig. 1,2,7) 8} #IME S kol A B ==
735 (Fig. 16,17, 18) 7} B = gt R EBN A
FMEsle A= HEGARA oA #Eael #§
Bl A o Friaz ERNRG. FHERE M
B pinocytic vesicles & W El2, o1A-L A
A MBREARZ Fakse) Felv Rkl S o &
ol &/ )HuitkE &H%c}(Fig. 1,2). ¢]paramural
bodies (multivesicular bodies) = Fig. 7ol 4 ¥.= a}
opzbe] Ald MWEMNZ £&55 AV (Fig. 2,V EE
FEREEREAA oldseo] #HREAMNRE FHR o2
(Fig. 2) 2% BN BBt (Fig.3,6), o} 3
o] Ehigdo] fuR ok BILBARE yol £45
A b = 3 skl BWEKE. MlEAAR
W ol BBkl % BN ELE (multilanellar stru-
cture) 2 =] (Fig. 4), =tz filmENE ==
o} (Fig. 5) &g =2 BEhsls gt 22 =4
& whol BitsEl=A Zoh. MREAN A B|hE
]l Mk sl EENMER Mss g4 (Fig.
18), —& MMRES 841 I —WAl AR £
B 7 RS 1 (Fig. 16,17, 18,.19,20), =
98" —F ARES AAEERY A4 &
REHHBER 7147 (Fig. 21) vlelatg SBIR
wiEe Baln #k ®WiRNE 25 (Fig 10,23,
24) BMLABEE wo) £4=EA 2ol

o] & & HiBEql BN A AR o
o 2] BItR7} Ydoh= #4551 sl (Cronshaw, 1965;
Esau et al, 1966 ; Halperin and Jensen, 1967),
Fowke and Setterfield (1969) = ZKFE S EE3]
R AREMLl A =t ol Wit S 3
v B s BGRAT g R Reba sl



Robards (1968) 2]-' Halperin & Jensen(1967)-& %/
ffafd el A= = Golgifhel @aldel e
Zetn stded Az fRol wE EHE
%% (Larson, 1965 ; Daskek and Rosen, 1966) %
R4 (Sievers, 1963)oll= A E = FH 2o  Golgi
IE BTESIY S hGE 93 = Pickett-
Heaps (1967, 1968) + HOHHIEAIQ BIRd 4 %
Ptk o) MEEER e obF-8 Audde] glotm
ot .

Mesquita (1972) = Allium cepa$} Lupinus albus
2 Gl A ol F #HiES FEiell Bt BEsd
=dl, FZEE] MilENE ¥t SBEMN
WS E Rt ol AL BMBAZE felsle] £4
Hrobs FTRa fRENC —EREMEEE Kl
MBS E# A PRSI 2 S e SBE
EHEE A B E 2 obgel AR A3 AE A4
acid phosphatase 7} HH=l¢] HDHLERS o
ol AAMERE #Lde MR —HKalgde
v, Bl BENE —HARES) i 5
3lod WA A oled=le wbd 2 M= %8
TEvE R 7 FEA Sl acid phosphatased] {&3}o

AEHLARS s MRS BEs A ¢t

ME 2 B A% (autophagic vacuoles)al #
BE B & (cytolysomes) = Novikoff (1963) ol # 5}
o B A SRS, HHMlEa A B
Yol el lysosome &) E Aol ol =3
o] 513 +&ui Dauwalder et al,(1969) & &4
9] FRAEMMA 4 acid phosphatase o] iEHEET
(L8 FERST WML lysosome-& FEEH O
DpAEel 2=t 2 HRBWREE »1al lyso-
some-2 Ueb H3ch. ol FRE absp 2
ol MMMl FEEY BIME Hfrol acid
phosphatase 9] {&#to] i (Poux, 1963) = Hifa
Hadgdol A FEER MEY BRtEES  H4t
(Buvat, 1968 ; Coulomb and Buvat, 1968)3%} i
ol #-Z Mesquita (1972) = F1L:AR U= #K
HAdl= Matkst e B st 85
9oz FAsld4d GAMERS Bl o) 5
&2 AFrAl XA MK FHBEF S ribosome 3}
HEo] ikl A BRE EEBSd A GRET
ol AL FEHMER Fisdrt vdAELBE

G BRE A BoMWes EES Jelhle-

AEMLARS YARST ddch. e Mes-
quita (1972) = ERFK A=A o5 HMES &
Wi el MBS (cytolysomes) &} & A o)
et Fgledl, FE X BB BEl BEH
Higzt kol 4 Af- MilEI8EE T o=
BEEERER @3l ob2y MREY —KE

EELAN HENE =z = MmEe] aAe8
# ol acid phosphatase | {HE#4S Veb T Wil
PIoll A GBAEEAElE Ao Hol el HuEMm
ol A BiHilEel A3k o] WMMMRAAE %
W& cytolysomes (HIMVEEMMA) 3t o]0 2 §
Azt 7l =A o] elwbsllela A A

AR g cytolysomes = virus 79 (Kim and Ful-
ton, 1973), £ KF R (Fowke and Steterfield, 19
69)%F 4 M Tt A7 A S =)
& % BHOEEE dellm, Mahlberg(1972) &
Tradescantia virginiana EE 2] 4kl A Eig
HiEe oz W= ERiEEE MEERE
IEl =tel MDBE S il A $3
T 2t A -ROBERHE $E3tq =
ROBRE MRSl sA5don —~kERAE #
Yot k. = Bracker (1967) = o] #i57)
MY WHEEHXA BAdde] dut: Fow
RBol HEHHML SRR LHOKEN =t
cytolysomes 2] #LE-E ofo 2 o BTk
& siAlela A AR}

V. B8 ¥

Glycine max Merr., Zea mays L. 2] ZENMHA
2o} REHIBEA A cytolysome o] Z1d=t Zl%5o B
st B3 S o}

Cytolysomes-& FEEEK 3 MwE ] itk
A Sl sl FREES doez S mEQ
Az Bk HEIESERESEE M= F712 7
o] gdar, E MHEANA: EF|h kot
AfEHE S —HE SEEACIEE Y HRNESHGE
e et

REEE @A AXR o)E BEs %
& BEEEES) Bsa4 BIREHE fEn 5
REHELAREE ghol Blk=ElsR 2.
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KEY TO LAVELING : CW, cell. wall ; ER, endoplasmic reticulum ; G, Golgi body;M, mitochondria;MB, micro-
body; N, nucleus;V, vacuole; S, starch;CP, chloroplast. Unlabeled straight line in each photograph gives the
value of Q.5pu.

Fig. 1. Multi-vesicular structure containing numerous unit membrane-bound microvesicles which project
within the cytoplasm by an invagination of the plasmalemma.

Fig. 2. Multi-vesicular structure (arrow) and myelin-flattened vesicular complex membranous structure
which project into the central vacuole along the periperal cytoplasm by an invagination of the plasma-
lemma. .

Fig. 3. Fragments of tubles-myelin-lamellar type of complex membranous structure associated with vacuole.

F.g. 4. Parellel-lamellar structure have convoluted in the cytoplasm by an invagination of the plasmalemma.

Fig. 5. Showing the cytoplasm,in the central cavity of the lamellar structure.

Fig. 6. Myelin-vesicular complex membranous structure which project into the central vacuole.

Fig. 7. Invagination of the plasmalemma forms a small sac that enlarge through the cytoplasm and subse-
quently protrude into the central vacuole. An intermembrane zone is delimited between the tonoplast
and the infolded plasmlemma.

Fig. 8. Endocytic structure to be composed by smooth double membrane in cytoplasm subsequently protrude
into the central vacuole. '

Fig. 9. Lamellar structure enclosed in cytoplasm.

Fig. 10. Myelin-like structure formed by tonoplast infolding.

Fig. 11 —15. Present electron micrographs of acid phosphatase activity after incubation in Barka-Anderson
(1962) medium at pH 5.0 for 30 —60 min. at 37°C.Heavy deposits of lead phosphate are present in
lamellar configuration between cell wall and plasmalemma. (Fig. 11(arrow), 14, 15), and intravacuolar
lamellar configuration (Fig. 11, 12, 13).

Fig. 16. A portion of cytoplasm with typical structure enveloped by the double similar membranes in pro-
file endoplasmic reticulum. :

Fig. 17. Lanpellar structures in the cytoplasm that appear to be formed by folding of the smooth double
membrane structure.

Fig. 18. A comnection found between the rough endoplasmic reticulum and a lamellar structure in the peri-
peral cytoplasm.

Fig. 19. Lamellar structure that appear to be formed by folding of the smooth double membrane. An area
of cytoplasmic clumpling can also be observed in the neighbourhood of the central vacuole.

Fig. 20. The protruded lamellar structure in central vacuole. An area of cytoplasm clumpling by smooth
double membrane can also observed in the cytoplasm.

Fig. 21 -22. The protruded multi-lamellar structure in central vacuole.

Fig. 23. The separated from tonoplast multi-lamellar structure within central vacuole.

Fig: 24. A nyelin-like structure within the central vacuole and a lamellar structure within the cytoplasm.






oy

i




