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The Study of Cell Killing Mechanism by Membrane Attack Complexes of
Complement in the Nucleated Cells

Sang Ho Kim M.D.,, Sung Hak Park, M.D.* and Myung Hoon Chun, M.D.**

Department of Pathology, Internal Medicine® and Anatomy™
Catholic University Medical College, Seoul, Korea

The mechanism of cytolysis by complement attack of nucleated cells(NC) is of special inter-
est in comparison to that of red blood cells. It is known that NC death by membrane attack
complex, C5b-9, is caused by many factors, i.e., efficiency of complex assembly, activation of in-
trinsic metabolic pathway by signal transduction, cytotoxic effect of the channel itself and
natural repair ability. These factors suggest that colloid osmotic lysis, known in red blood cells,
does not fully explain the complement-mediated cell death of NC.

In this study, the authors investigated correlation between biochemical and morphological
changes to prove “Ca’"-mediated metabolic death™ """ representing a mechanism of NC death
caused by C5b-9 attack.

The L1210 cells, mouse leukemic cell line carrying small complement channel(TACSb-9,)
were used in the experiments. The amounts of intracellular adenine nucleotides to extracellu-
lar Ca', cuabain, KCl and dextran were analyzed by bicluminescence method using luminome-
ter. Cell viability was checked by 0.4% trypan blue dye and LDH release. Morphological obser-
vation of TACSb-9, was done by immunecytochemical staining and electron microscope.

The results were as follows:

1) The release of ATP, ADP and AMP followed by cell death was rapid and progressive
along the incubation time at 37°C and it was accelerated in 1.5 mM of [Ca®™ ].

2) There was no evidence of ATP repairment in the TACSb-9,.

3) Extracellular KCI1(150 mM), dextran(0.66 mM) and ATP supplement{0.2 M) could not ef-
fectively inhibit ATP depletion and cell death. Quabain(27 and 100 M) enhanced cell death
and could not completely prevent ATP loss.

4) Most of the mitochondria showed swelling, loss of cristae and Ca’ deposit in matrix in the
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electron microscopic observation.

Rapid, sustained and irreversible depletion of adenine nucleotides was due to Ca** deposit
with destruction of mitochondria and also the leakage through transmembrane channels.
Moreover this energy depletion was accelerated by high extracellular Ca** concentration.
These results indicate that Ca**-mediated, energy exhaustion is one of the mechanisms of the
metabolic cell death by C5b-9 attack of NC. (Korean J Pathol 1992: 26: 253~ 269)
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st Fgdsty WA et RaA FabEe] w4
ol FHAE dxube] 4fql=Ee] MET FH WA
BaghAel C5b-9 F27F ¢, g4= o] 7w& F
gte] K*, Na® o2 4, &) defia Fe| 4=
W2 fdss =3 AdiEal 758 Fatsledd A
ol olo] sMxupede] ef¥ict, olsizhe ma 4
T4 Az st B« 2jj M EAL PR g
o]z gt} et 1983 o|F olslzhe = 44t
FAAd 7|4 o]2)e o] gide] A= fic), S
a3 (E. coli)gte Adehd, 7143 =& FHAZ
g} ZHe FEHAME M Az Boie] E3bsta oA
H4e] sdste] v T ddste] msa® A
o] ¥ FHe| qUrin dFY, C5b-9 F=5
+%, BA g2 72} v, Ca*tel Az o
g0 gl walabgql B AYIEe HA o X
Weld g4lge] 2teqite] ehaizdmn, C5b-0 dqalE
<+ Ygaets RaldalE =G 7lFol oM =
=-4bg AfE A2r)Fe wWEE FAES. adepy
i FAHE 59 HEe) Adr)|HE oAb M EAL2]
Wl el A& =g,

Z) sba-geol W M T ddufad F2] Ca*
o] F712 Abg Ao Ca™ sH4sps) Aoy A xE4
o] & & o|u| A hejd o' mepa] B
ATAe) Aels FAMEL] ATt &AL ol
Az diabg sl ARIERE e Alxe 24
E2E 2¢ Ca™g oz ez &4z 44
AE Qe dad «dAg 7 Age] zalE 7
2l Felch'?, =gk F3|4bgk2] C5b-9, 34 24
M4 cardiolipin §4de°] F71=He] A E<te] =4t
o] 3% TAHaLd A Aage] dejde| it
o} gle},

et E d7e Ak AE AR AidE A
o2 Zoszmal vi3y ¥ fHxe] Al 2|

A (@ MEW <9z W] ATP, ADP ¥ AMPE
Aekste] ARRIA 7lEe a4 oE felia,
@ A}s51al=k C5b-9 v& Aalgo|z 8 wHgsx
shaby whfe 2 Fatele], @ H=xe Ca*([Ca™])
Fr o 9 2 AR Bial] Fedel] b Al
adenine nucleotides] ksl Fa)o| Abg]ae] sy
HEHE Tl AsiAle Pl o HellEhy st
AE dolio 2 FHME HF WA 2] HE Al
71 H& +43 staab g
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1) ¢#&9: DGVB*”(pH 74)=24 5 mM sodium
barbital, 72.5 mM NaCl, 2.5% dextrose, 0.1%
gelatin, 0.15 mM CaCl; % | mM MgCl.7} *3} 5
At

2) EFMZ: DBA/2 vhf2e M deoja] H= A
Wi Ew M| Eel L1210 A=(ATCC, CLL 219)5 4}
g8, o] AEe BaE Ba45443 10%(v/v)
F-efel ¥ M3} 25 mM2] Hepes % 50 unit/mle]
penicillin®} 50 pg/ml2] streptomycing H7}gl
RPMI-1640(Gibco, Grand Island, USA) ®§=](pH
7.2)8 BHAl# 37T°Cola] 95% 79} 5% CO.2
W<k 7ol A =]kt

3) MdEg #gH: KimEF"s] uwygs wHEslo
L1210 M E AjEv}e)s HF G423 ddct a9}
#tw 229 2|8} Dounced E3td L1210 =3
#HEF U35 Axer FHE ot ¢|F E
(AF 2 kg Nl A5 139 F 53] F48 7
B8 425t o] & ¥38E 33% Skt E F
o2 FREUE F2l4t ¥ sephadex G-200 col-
umn($k3<0e 0.05 M Tris-HCl, 0.15 M NaCl,
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pH 7.5)0& 344 ¢ IgG 8 & «dglev, 1
Fr+ 50 mg/mlE &g

4) 248 2gb CE(=7} 20,000 U/mg/ml), *Fgt
C9(7} 850,000 U/mg/ml), C8&8 A3 Ast=Ed
(CED-HS, |Img/ml)} =25 Quidel 3 4}{San
Diego, USA) #F& AHeglsdch

5) Mz=2 caleium([Ca*"],) =: DGVE #%
ool Ca** 2] HE5=7 0015 015 % 1.5 mMe]
e st | mM Mg* 2] 2afjste A AEE Hf
AlA Agel ARgalsict.

6) Dextran, KCl, onabain, ATP #2}: w34}
5o} 8= HErr 0.66 mM2 dextran(s-2h
2k 72,600 dalton, Sigma, St. Louis, USA )& A}&
s, puabain(Sigma, St. Louis, USA)& #HF
w27 27 oM %100 pME, KCLE 015 ME, ATP
(BioOrbit, Turku, Finland)+= HF =7} 1~
0.05 xM=| HE5 <& Haz F 34| Hrlshy
Apg-al gl

2. % o

1) TA, TAC5b-7, TAC5b-8 % TAC5b-9, =|Z=:
Kim5"e] uwhf& Ap8-sqch sofspbd, 5= 10°7/
ml %2 LI12104=(T)l L1210 =2 #xuf
gAY 3 TAE 349F 2= C8D-
HSE 37°Cell4 1587} uk&-+# TAC5b-7E &4
2 gt o] Az 0°C~4°C <4 o=y C8&
HheA)# C5b-8 F2F #4413} 2F C8 & 2
A C9 F ¥= o7} 3349 C5b-9, E2& A
A|A 4 (TAC5-9,) o] AE=3%e 37°Celd FH&+
A72 Mz aub-E, adenine nucleotide A% %
LDH(lactic dehydrogenase) 2l-8& A&t

2) Adenine nucleotide H®: ATP, ADP &
AMP 2% luminometer(LKB, Bio-Orbit, Mo-
del L1250, Wallac Oy, Turku, Finland }& A}-8}
of YEdtdfes SAEgct.

(1) ATP; 37°CellA 4]z = TAC5b-9:(2.5 = 10°
A Azl Fai ATP %2 ATP monitoring
kit(LKB, Bio-Orbit, Turku, Finland)2 & 3&3]
o}, 2peqk sh2ele (0] M Tris acetate-2 mM
EDTA(pH 7.75)e1%ct. s=A4H2 10 uM2] ATP
(10°M =#=<§, LKB, Bio-Orbit, Turku, Fin-

land)#F4 2.5 gl & T8t Fe(mv)=4H T4
gt

(2) ADP; Hampp'" 2| Hh4ls w8sle] S84
c}, = 25x 107 TACS5b-9, 42| 1.66 M2] per-
chloric acid§ S« nAg F JAste] d2
alxzko] AryedipH 7.6~8.0)4 ADP test mix
[desalted pyruvate kinase(2,000 KU/L, 10 mg/
ml, Boehringer Mannheim GmbH, West Ger-
many), 1.4 mM phosphoenolpyruvate, 25 mM
Hepes/KOH, 10 mM MgS0, &§4]& 424
7ksted 15+ dHA§E ok ATP monitoring rea-
gentS Fo8ls] 158 w3 £ F=(mv)E S38t4
cb. H=k2 ADP #F9(1 M, Sigma, St. Louis,
USAK: dasf Fodle] =5 w4 oe} #4is
gils

(3) AMP; ADP Saylst $dstdx =3t ADP
test mix N4 =4 pyruvic kinase2?} %
myokinase(9,000 KU/L, 5 mg/ml, Boehringer
Mannheim GmbH, West Germany)s ZE§Hi
AMP test mix & Fo5le] SAsdes, AMP &
Fo(] uM, Sigma, St. Louis, USA M A3l &
=& kst et

3) Hx wiogMzE spspy: TolH HYeR TR
#zt& stgich. & 25=1070/ml2] TACSb-9,& 2
% glutaraldehyde-DVB*" &< (pH 73)2.58 4
2ol 2083 HaxAPFE st d& HE pel-
let-& 45°C~47°CellH 1% g3« Eofsiaict. o]
+« C7, C8 C9 % SC5b-9 @] B=93F 7]
8)sted S EGANE A3l ABC ik} Bavle
2 gasledct. aofsid vpgl Yo & w|fo] ALALE
Al £ 1AEAR 0.1% FEA ¢wE §4%
1/100 #A2) vpi-~ & AgCT7(1 mg/ml, Quidel,
San Diego, USA), # +1S5FC8(1 mg/ml, Quidel,
San Diego, USA), # AHCO(1 mg/ml, Quidel,
San Diego, USA) % & +}gtSC5b-9(1 mg/ml,
Quidel, San Diego, USA)& Al&sigles] ABC
staining kit(Vectastain®, avidin and biotinyla-
ted horseradish peroxidase H, Vector Labora-
tories, Inc, Burlingame, USA )= 23}t3)= bio-
tin® ] 2 & vob¢2 IgGE 0.1 M Tris-HCli(pH
7.2) St e FHYshe] bbb g A
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0.02% 4kslr45) 0.1% DAB2 F&F Eggde =
A 7EZ APt FHRTE OMEF 1%
osmic acid-0.2 M sucrose-0.1 M cacodylate &3
ol (pH 7.4)2.2 FrHsl4€R, 0.5% uranyl acetate
2 3083 A4 F genalE 43 epon Bl
B vf| &},

4) B Fxj#o|y: TACSb-9,(5=10°7§ 1= 0.66
mM dextrane|-+ 0.015 0.15 % 15 mM Ca*™ &
fridk sh3efel] zZhz Al 37°Celd FEEH
A7 5 4°CelH W33ty 1% ¢ AE pel-
letd& Fujrlglch o] AEE 2% glutaraldehyde-
DVB** #t3<i(pH 7.2) =& #EY Ca** ¥+E47
& w7 §8o 3% glutaraldehyde-90 mM KH.
PO, +24d(pH 7.6)o2 A4 3023 HAnas
fct. DVB** =+ KH:PO, stg<e2 HIHE 1%
osmic acid-0.2 M sucrose-0.1 M cacodylate 3
A(pH 7.4) =+ 1% osmic acid-2.5% potassium
pyroantimonate 3 (pH 7.6)2=2 4°Cefi4 |2
A)7¢ FuAEedc), ¢le] 4R EE A AU E
715 43&  AHFE epon 8l24] Eolspsich
Ultrotome®*(LKB, Sweden)e 2 54 60~70 nm
o] &ulHEE ukE2] nickel gridsl4 Reynolds®
b ' Mol mjz} 4% uranyl acetate®} lead citrate
2 o|lFd4E& 5 JEOL type 1200 EX(Japan)=2
Axs oldT=E FFEc).

5) FAL HMxieo|y: MHExuk g4 C5b-9,2 +
W& Tl #ste] TACSDL-9,(2.5 < 10°4 4=/
ml)E 1% glutaraldehyde-phosphate k3 A9
T @34 (pH 7.6)22 4°Ceolld 1243 AaAg F
PBSE ##sw olo] 1% 24ul4tes 47°CelH 2
AlZF £33y dtgicth. 2F 4FEFE A g
& A3 F CO; critical point dryer(Bio-Rad, Po-
laron, model E3000, Watford, England)2 %
A+ F =3¢ Sputter coater(model ES5150,
FTM controlled, Bio-Rad, Watford, England)
2 10 mA=lA 3zt FFello dA)shedce}. SHE
JSEMitype 35 C, JEOL, Japan)=& & sl

6) ME MES: 0.4% trypan blue 94 oAl
AR AxEgla, =5 Koski® 2| abyg w3ss
LDH #=&& 54§ v} gofsby TACSD-9,(5x=
105 #%) 439« ANADH, 0.] M potassium

phosphate #3<(pH 7.5) % 6 mM2| sodium
pyruvates Hr7HgF F L34 (Hewlett-Packard,
model 8050, with graphic plotter, HP T225A,
San Diego, USA)=Z 743 340 nmol 4 &3= WHE
& A2 SA4stgct. ol 100% rele #HF =
% 0.07%2] Triton X-100 £ Al-&skgdr)

| }

1. C5b-9, 84 F MZE Aol & MZH ATP
HE

TACSb-8 4| E+) 4°Coell 4 C9E H-24]#H TACSD-
94 wbE & 37704 04)2HE 305714 Az
= Azuje] ATP <k} A E Al s FAle &3
slgdet. 2 AAak wijek 13- AlEAbe] dEFe] 20%
o ojf w2 ATP 4244 2gon] 25 wjoka|zbe
wpe} ATl w)Fsle] AHHo 2 HEH ATP #
ko] Fh4H gk Fig. 1) ATP k2 25x< 1070 S =
2 0.26 nmole(t=0)=04 w2k 1 &A= 20%2] &
g Bgx et 108 t=00 u|ste] 64% 2
AdE BegoH(Fig. 2)

2. ATP &7} o9

DGVB!* ¢34+ ATPS #HF %57} 0.2 uMe|
Hw% 37}sled 37°Cel4] TAC5b-9,2 A7hdz

1004
B0+

‘?;% B0

=

a

E 4{]- 1EE ™1

- o—a : specific cell kiling
20 &—o: specific loss of ATP

0 . , ,
0 10 20 0
timed min)

Fig. 1. The loss of ATP and death rate of L1210
cells carrying C5b-9 channels after varying
periods of incubation at 37°C. The percent-
age of ATP loss increased progressively in
proportion to the incubation time.
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Fig. 2. The amount of intracellular ATP in cells
carrrying TACSb-9, channels. The ATP loss
was 29% and 64% at | min and 10 min of in-
cubation, respectively, in comparison with
the zero time. ATP concentration was 0.26
nmols per 2.5 = 10 cells at the zero time.

o—a With ATP(0D.2 uh)
204  k—A: without ATP

% specific cell kiling
Lad
T

1 3 & 7 10 15 20
tirme{min)

Fig. 3. Effect of extracellular ATP on the death of
TACS5b-9,. The killing rate of C5b-9 was
lower in the presence of 0.2 sM ATP than in
the absence of ATP especially at 3 min when
the inhibition rate was about 14%, but there
was no significant difference after 7 min of
incubation.

afoksle] A2 ApabgE SAstgch o AT e 20
ol 40%2] A EAHE Beli= C5b-9 ZAstA wiek
3= ATPE 37isba] o AEe| ulshe
14% g AZaE usdm 2 o= ATP H7h
glgh AxAl oA "Hade] 24 UHFig. 3).

901 . 0015 mM[Cat],
8O e - 0.15 mM [Ca™* ],
701 4 15 mM [Ca],

% specific cell kiling

time(min)

Fig. 4-1. Effects of varying concentrations of extra-
cellular Ca** on the lytic process of cells car-
rying a low dose of C5b-9, channels. The kill-
ing rate was higher and increased faster at
1.5mM Ca** than 0.15 and 0.015 mM Ca®".

B—a :0.015 mM [Ca*],
60 —e 0,15 mM [Ca** ],
A— - 15mM [Ca L.

% specific loss of ATP

timelmin)

Fig. 4-2. Effects of varying concentrations of extra-
cellular Ca** on the loss of intracellular ATP
from TACS5b-9,(the same cell as in Fig. 4-1).
When the C5b-9 was about 50% of cytolytic
dose at the kinetic end point, the rate of
ATP loss was higher at 1.5 mM Ca*" than 0.15
and 0.015 mM Ca*" until 3 min of incubation.

3. Mz Ca* =xHo| & ATP g3

TAC5b-9.& #Z5=7} 0.015 0.15 % 1.5 mM
8] Ca™3} | mM=2] Mgite] H7H5l @5l FH4l
# A7°CellA] )7tz M =Ezapabfat 42 ATP &
4 o8 E3sgch o 2 ook 1E8H 537
2% 1.5 mM [Ca** )e] 71 w8 AbE& viebdf
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1004
E’ B0+
3
w604
(]
O
5 404 = : with ouabain(27 i)
§ " " b—4 | Without ouabain
£ -
|:| L 1 i i j
3] 10 16 20 25
time(min)

Fig. 5-1. Effect of extracellular ouabain(27 M) on
the lytic process of TACS5b-9. The killing
rate was faster in the presence of ouabain
than in the absence of it until 5 min of incu-
bation.

gl 0.015 mM [Ca** 1ie] 7} Shsbel. wisk 78 4
A+ 0.15 mM [Ca* o=l ¥zl 0,015 2 1.5 mM
Ca'™ =% 10% Wsle] AEabdds) sje]d 2 A
zo|glcHFig. 4-1). =% ATP 44 =+ A FEalgd
4 wlelsted 1.5 mM [Ca® sl e ik 354
0.015 mM [Ca** ool ®ldte] 20% )4 et wfof
o o] FHEHE [Ca o2 Flels] =2 ATP 244
9] a}e)7} Hsic}(Fig. 4-2).

4, OQuabain ¥of ¥ ATP #H3

Na*-K* ATPase *##| 2 ocuvabain® HTr Lk
27 oM 9 100 oM =] =l%5 DGVE* shf-adof| FH7}
§ F TACS5b-9,& 37°Celld AlZbH=E wlaf3le] 4
F alubg3 HE ) ATP 44 25 S3g 8]
ouabain 27 pM<2] #5 58] wick 524 d=F
(ouabain ®|H7Fe| w|gte] 40% o] HAEAE F
7HE Egen} 2 oo|F sfef 208717 ouabain 37}
e f3dd st A xAptge] wjestecHFig. 5-
1). ATP 44 %5+ ouabain 27 pM<e| 75 wisk
TE7H Al diaast =pelz gddes ek 108 o)F
o= 10% e)ul2] #e]E 24l (Fig. 5-2). Ouabain
100 M2 24 23 454t %49 dextran(#HE
= 0.66 mM) 2 DGVB s} uwlus] Zaf ATP
sAlEgE«s & aelrl fl4dcHFig. 6). 5 ouaba-
in 273 100 o.M =% C5b-9, 325 7}z #ald=
&) apubd 3 rRbdl Algle 4 EH ATP 4% &

BO-
(.
=
< 60- "
[
oy
S 4p- i
R
g . *—= - with ouabain(27 xM)
_;;‘ bk—i  without ouabain
D 1 1 i M J
5 10 15 20 25
Tirre {min)

Fig. 5-2, Effect of extracellular ouabain(27 M) on
the loss of ATP from TACSb-O,(the same

cells as in Fig. 5-1). ATP loss was delayed
until 7 min of incubation.

T
o 60-
< 50
[
@ 404
TG; 20- _e—e: Dextran(0.66 mh)
= 20- —A: Buffer
2 B—8: Quabain( 100 )
S (05
3

S 3 5 7 10
tirme(rming

Fig. 6. Effects of dextran(0.66 mM) and cuabain(100
¢M) on the loss of ATP from TACS5b-9,.
There was no remarkable difference in ATP
contents between dextran-treated, ouabain-
treated and non-treated cells.

#alo g a7 =] Ealdc). dextran 4] A E4)
FEE M)A A Eaeda ATP &4 o347
FE4.,

5. KCl &7} & MEAUYE

150 mM=2] KCIE& DGVB™ e #H7ls7} =
KCl# 0.66 mM2] dextrans DGVE* el #7141
¥ TACS5b-9& 37°Cell4] 1058z} wjckspw ] Azl
A2 AzslgE A4t s KCl % KClst
dextran =% WalFae| e A xS oH4)7]2
et (Fig. 7).
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A0 B—: KCl/buffer
e—a  buffer
£ 10 d—A : KCl+dextran/buffer
8
o 204
o
g o
*
D i L L 1 L i 1 L !
1 5 10
timelrmin)

Fig. 7. Effects of extracellular KCI1{150 mM) or KCl
plus dextran(0.66 mM) on the early lytic
process of cells carrying C5b-9, channels
Neither KCl nor KCI plus dextran showed
any protective effects on the cytolysis.

1001
a0 —a. 0015 mM [Ca*t].

804 k—i: 1.5 mM [Cat*],

% specific loss of ADP

tirne(rnin)

Fig. 8. Effects of extracellular Ca**(0.015 and 1.5
mM) on the loss of intracellular ADP. 1.5 mM
Ca*" elicited slightly fast loss of ADP after 5
min of incubation.

6. Cob-9, ®4 ¥ ME2 Ca" SEHHY O
MEW ADP &

ATPE #skak Fdd Mzl 25«10 TACSb
el 0.015 mM % L5 mM [Ca®*].2] 5= Hi} e
4 Mz ADP Hi-akd S-Astsck eiokA|zkel of
2 0015 % 1.5 mM [Ca™]y 25 #HHes ADP
ok2 Zhiglga, wjek 124 1.5 mM [Ca™ ].sl 4
= 35%, 0.015 mM [Ca** ]l e 44% 3o
0.015 mM [Ca*" ]ooll 4 w7} ofil #stof, wlek

80n

iy

40-

20+

o5 specihic loss of ADP

time(min)

Fig. 9. Effect of dextran{0.66 mM) on the loss of
ADP from TACS5b-9,. Dextran(P, protected)
had no protective effect on the ADP loss in
comparison with non-protected(NP) cells.

5 % T2 15 mM [Ca*]elH 42 i} chi
wacHFig. 8). oju sxAbak-g2 vk TEe+= 1.5
mM [Ca*™ Jaoll 4= 46%, 0.015 mM [Ca®" ool 4=
50% o] 31t '

7. BE aFe REH R F HEZWH ADP &

0.66 mM dextran & & (P7F)d+] TAC5b-9,2
HEW ADP 4448 24 455 w2it(NPT)
# alelr} glzlen FF EF 2 FasEE | Ee
33% 2 watch(Fig. 9).

8. C5b-9, 94 & MZ2 Ca*” e o E
MEW AMP &%

ADP &As|+2} Fd§ =2 TAC5H-9, AE
£ 0015 mM % L5 mM Ca®e] Z&¥ ghddq)
Baag)a 37°Celd AzbdE 2.5x 10 AEe)
i AMPE 239 A3 0015 9 15 mM [Ca™]
25 gk 184 32%8] £48 29 2 £445E
= o 25 vjsEgdcHFig. 10)

9. B3 5L 22H Fof F HEZH AMP
o

0.66 mM dextrang 371§t PZF3 shf4F (NP
el 4+ AMP A-dEe] efek 138 20%(P<)9 16
% (NP2 vlslgn wijek 383 584 2 3le]
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100+
and B—8 0015 mM [Ca*].

BOA b—a 1.5 mM [Ca't],

% specific loss of AMP

timed{min)

Fll‘ 10. Effects of extracellular Ca*™"(0.015 and 1.5
mM) on the loss of AMP from TACSb-9.
Both concentrations of Ca* had ne differ-
ence in the loss of intracellular AMP.

b—A P
o—a NF

% specific loss AMP

tirnelmin)

Fig. 11. Effect of extracellular dextran(0.66 mM) on
the loss of AMP from TACSb-9. AMP loss
was not significantly affected by the dex-
tran(P, protected).

NP; non-protected

© 5% oeldch(Fig. 11).

10, C5b-9, 84 ¥ HZE2 Ca'” == Hato| o
€ LDH w22 93

1.5 mM Ca** =& 0.66 mM dextrang 34
DGVB#*« #-1gF ¥ TACSL-9,& A)IzBEE 37°C
o4 wjefsl A dEzgte R Hel=Ele LDH 42 &
gk vl 1.5 mM [Ca® Josl 4 0.15 mM [Ca'* ]oelvh
dextran 5«7 wdle] Fx Wsteo], dextran
£ LDH Fre|#d & 94%E 7 wuchFig. 12).

B0~

B 1 5mM[Cat),
N —: 015 mM [Ca™ |
= 404 —4:0.16 mM [C&™ . + 0.66
E mik deaxtran
E 304
o
& 204
.‘:;_;
a 10+
]
= 0 , |
2 4 8 8 10 12
tirme( min)

Fig. 12. Effects of varving concentrations of extra-
cellular Ca** on the release of LDH from
TACSb-9, in the lytic process. 1.5 mM Ca**
induced higher and caused a faster rate of
LDH release than other concentrations of
Ca'". Dextran(0.66 mM) had no significant
effect on the release of LDH.

11. @xtHold =3

1) $£2 mxidold 2 TACSH-9, #=EFE
37°Cell A 7] st A AZbH= wiokg o5 A
Ao o2 fFF Axh, 2303 Azle] o}fE 42
9 vy HEE G 4R 7 v

o<k 3E-(Fig. 13)e4 A& i @3bse] 4
sA #HAA gy, MEAAE= HAUYEr} oy
g F3d2 QYA e FE7) o E¥sEH,
sy da g ez ok gakEe] gldE
& g dsich =g djFe] AlgElEe] WAE%e
o, MERe] AHdbalg mge Fg 2e]ddale]g
A7} deigoms AxpUerp oo, 22} el
de Fat fd Wag & 5 qlgdd

Wfef 5842 A2 3Es2] el vlgle o A
Fdow, Axddel Tx7 57t v5 FrEbda, &
HEAd At 2r) AlstA) GabEe] #HaA| cyto-
cavitary networke| &3 <& Rl Fig.
14). AbgAl= ook S¥-2] =4 45 =gy s}
W= #idE Be A 272 3= A
A2 FAe g5 g 4458902 (Fig. 15, 16), 2}
g 7laled 2tz Yq HaAdsrt 2 B3l &
2 5 7] A|atstgcH(Fig. 14, 18, 19).

EF BHAEF] A 938 F AEe sedR
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Fig. 13. An electron micrograph of L1210 cells carrying C5b-9, ¢

hannels. The cells were incubated at 37°C for

=k

3 min. They were enlarged and cytoplasm had many vacuoles filled with homogenous, electron-lu-
cent materials. Rough endoplasmic reticulums were enlarged with cisternal dilatation. = 10,000

Fig. 14. The cells carrying Cbb-9, channels were incubated at 37°C for 5 min. Note markedly dilated
cytocavitary network, increased number of vasicles and a few electron-dense dots in the mitochon-

dria.(arrows) = 12,000

Fig. 15, The cell carrying C5b-9, channels was incubated at 37°C for 5 min. Many mitochondria showed degen-
erated, enlarged changes with loss of cristae. Cytosolic density decreased with wide ribosomal disper-

sion due to water influx. = 20,000

Fig. 16. The cell carrying C5b-9, channels was incubated at 37°C for 7 min. Three mitochondria showed swol-
len, degenerated changes and most cristae disappeared. = 50,000

MEAY F2] golvdE u|Eg di§-§-9 L7E
of Ad=le] L2 AMglas #gle] del e AE
(Fig. 17)s} elzjdqt mt=jwiziz} o Aldise] #g x
Fi 2E AEW FEEC] £ Axgu G
Fredsue] MEe 2 5 glgdch

AHEAY Ca*t S8 #slsl7] $lste L5 mM
[Ca* ]« 7% TACSL-9, H=xE% KH.PO, 35
of EajE el 4 potassium pyroantimonatesh WhE

A Az, 7 o9kEAg Catt g Had=r) o
] gl fEe] Hefw Al ZlHe]d A
4] k= ok (Fig. 20).

ghl, A 4Fsh ®2gagl dextran EAElel 4
ekl TACSh-9,2 74 A=ze] dale f@asld] o
A=Edr Hgujas] HAdex 32 w@ekchFig.
21). zejvt Azl Fde] A== AsiA 4
B5 oo AFlEEn 9o FEr =G
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Fig. 17. A dying cell carrying C5b-9, which was incubated at 37°C for 7 min. Ruptured plasma membrane
with release of microorganelles, huge mitochondria and a few Ca™ dots in mitochondrial matrix

were seen. The nucleus was relatively intact. = 12,000

Fig. 18. The cells carrying Chb-9 channels were incubated at 37°C for 7 min. Electron-dense Ca® deposit was
seen as two dots in the mitochondrion. = 20,000

Fig. 19. A number of mitochondria showed small round Ca™ deposits in the matrix. = 20,000

Fig. 20. An electron-dense Ca®" dot was seen in the mitochondrial matrix. The cell carrying C5b-9, channel

was incubated at 37°C for 5 min in the presence of 1.5 mM Ca®. Post-fixation of cells was done with
1% osmium tetroxide-2.5% potassium pyroantimonate(pH 7.6). = 50,000

(Fig. 22).

2) HoMEsis HaaHl: TACSD-9, Al Ee 4
b C7, C8, C9 % SC5b-9¢ wfgh vj§~ 38
$AE 1= S 2z vheA F 23 g4
2 R¥E At Foiiabde]d ez gk Ais,
2 geubg AREE mldEAd A3 sgygES A
A e wekew, C7(Fig. 23), CB(Fig. 24) % C9
(Fig. 25) &3« oH§t zhz}he] weubg shgwe] 4
ko] #|=Eglch =5 SC5b-9 & g oyl
4 AMEL Mz gele] el FAEFUHFig

26).

3) Al ®xpdo|d 4 TACSb-9, HEs 34
¥ Hzxer mdd »¥® C5b-9, B2 o8 9 =
71§ 7] sl AEx md9E FYAR =58
F gk "z M Ekaks] oldEgr] spe|dl s 32}
e Boke 3 F43 Falgh AAE Eele HHe
pore 5% vh fEdslge o o=q)e Wi 2A 30
+10 nme|gicHFig. 27, 28). $22] 5 H=x=c}
of 5 B3 Sk et 100,500 & abzlella] g
HH 10=7 cm®™F M 257 A= 3=,
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Fig. 21. An electron micrograph of cells carrying C5b-9,

R -

channels which were suspended in the buffer con-

taining 0.66 mM dextran. The celllupper left) was protected from swelling degenerative change but
cellsiupper right and lower left) showed slightly enlarged size containing a few degenerative mito-

chondria. = 16,000

Fig. 22. Mitochondria of the protected cell(the same cell as in Fig. 21) showed destruction of cristae and en-
larged size. A few vesicles were also seen in the eytoplasm. = 20,000

Fig. 23. An electron micrograph of cell carrying C5b-9.. C7 molecules were positively stained along the plasma
membranelarrows). Monoclonal antibody against human C7 and peroxidase-labelled ABC complex

were emploved. = 24,000

Fig. 24. C8 molecules were positively stained along the plasma membrane of the cell(arrows). Monoclonal an-
tibody against human C8 and peroxidase-labelled ABC complex were employed. = 30,000

o &

ME 2 94 BgA C5b-99 25k §8 £
Al ey AE s FAe 2y A5 259
Apalell o]gh gAbule 2 Muje] 243 e,

F 2A 4R BEA HeME RAHEE Fe
ot B3 B2 59 Ca*to] §qe o} 23} A&

A2 Ca' 2] dipde] #4871 defupn'™,
fr#l = 28T 2] single hit'" 2} &) Axd
Aol digt wejz¥e] oM malg Axete] glx
A, cardioloipin®] 4>} AEoted] 25l §
2 FTAEY A A7 Ao

apet A RAlFH F aAEe] FE9& O Axeted
2l CRI1*™, C8bp*"', DAF* ¥z =1 fluid
phases| § shd|* 3 ghe Az je]e] g e
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Fig. 25. C9 molecules were positively stained along the plasma membrane of the cell. It showed irregular
patchy granular distributionslarrows). Monoclonal antibody against human C9 and peroxidase-la-

belled ABC complex were employved. = 20,000

Fig. 26. Neoantigen molecules of SC5b-9 were stained on the plasma membrane of the cell. It showed irregu-
lar focal granular distributions{arrows). Monoclonal antibody against human SC5b-9 and peroxidase-

labelled ABC complex were employed. = 24,000

Fig. 27. A scanning electron micrograph of cell carrying C5b-9, channels. Many round to ovoid, isolated pores
were seen on the surface of the target celllarrows) = 100,500
Fig. 28, Pores same as in Fig. 27 showed an irregular distribution and isolated well-delimited pattern. A few

fused pores were also seen(arrows). > 100,500

3 A4y, @ AE $2 YA BE Az @
A4 % WAEEE B o) oo weh 1, 27} 4%
Atol g hALRE 4T 9 @ C5b-9 F= A 2]
Az5Ao] 2lsto] #5585 ok,

g Aol 48 FZ(C5b-9)5 AHET o)f= 0
~4°Coll 4 C8 Al 270 olahe] Cowar} ¥zt
Heog 7lEHes HMR ¥49§ 713 C5b-94 ¥
HAAAH ol& 37°CE wjsktes 49 E2s} e

Wi HHE] Azl dejubeF &) fiihe] sl
¥ F2(C5b-9m)2 75 vj5 e A2 o
o} MEW HAE ARIH7 JE7) dolc HY
MEsa] Hzpdv]d @abeds ChHb-8 EF=2 THE
C7, C8 9 C9 #A5E o|Ffo3§ & 5 gl
(Fig. 23~25) ¥% T4zl #4319 C9 44
GuE #g 5 alsdcHFig. 26).

Adenine nucleotided! ATP, ADP 3 AMP:=
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5, A2 B g Exge] ae}p o3 AHFE A)e]r)
wephda, #=k wais HPLC, FPLC, #3233,
2 E3A 8 luminometer & °]-83lo 3
AHakghcl, B Ageld A2 2FAEE S
adenine nucleotide® A%F#7] <aigl4d lumi-
nometer& AR&3hsic).

=y elz] ok AMP, ADP 9 ATPE +4
dlof] 2]&&e], g} HEF 4 9= charge
7} WalH ATPx T4k st AlzbE o] o]
e A gl Hab=3 2|3¢l adenvlate energy
charge(AEC)7} 0.50]8be 4= Al EAF7} e}
d#x gl

B oAgs ARl BiEe] BEHTH F A EAb)
Hl#sle] ATP, ADP % AMP2| 457} w25 =
o odelytew(Fig. 1,2, 8 9, 11), 53 A=A}
o A#sted ATP 4248 & 5 sleo(Fig. 1), |
ATPE st3de| R3a AEA}z} weF 27) chi
o A 5 (Fig. 3% ¥eo} ATPE £§% adenine nu-
cleotide2] Al E F27F AX4&=] ded& 4l
& ct.

ATPE 242 5% 4 Had 1 =iz &5
Azd A= ATP &5 #3287 #Hid= 73z
# Af-hydroxybutyrate, glutamine, lactate, glu-
cose Fo| "Wasc, o ATP(F==k 507.2 dal-
ton):= B4 FEE §3 ADP(¥-AF 427.2)%
AMP(& 7= 347.2)9) o] 44 #w=vzt ¢ sl&
Folc}, ¢]E nucleotided=2 A4y E3& & o+ ¢
4iet.

At @il Jzedq HPLCE MEEHT A
% adenine nucleotide <2 H4 g2 H§
3402 + 1436 pM /L cell volumeo|o, 414 =
= 7536 £ 1382(ATP), 3243 +£1154(ADP), 208 +95
(AMP) 2M/L cell volumeo 2 otz glcp &
Agels] t=02 4= ATP %k 0.26 nmole/
25x 10 H =24 Papamitrious'2] Ehrlich
Epal 4 Eof 12} A e] v|a=E)gr),

C5b-9, 228 54 Ca™ 2 $8lez [Ca™ ]2
gade] 4dge s MEe & Aeop, adubde
2 Axzvte] ATP= 483 &4« Adsto
fezvte] Rap4gdE FrpA]7]a Na*, Cl- % Ca™
F2E delge] [Ca'] 8 =& HEa] 7w

0.4~25 kM2 ATPE= 4oz Ca't e 718 o
a7 2, 1~5mM2] A% [Ca ]9 wE 71§
DNA ¥4 5 Yo7 A= 4-d(apoptosis)d w72,
YAFHe AgoAHz A Mo Y 0.12
oM ATP % ¥ A4 2 0.2 M ATP+= wiek =
Fleflnt dA)Hez HEAF} A=) 3 o)fe
AaMe 2= ATP7E 4ZHE 9% 5 gloev B
A 271 949 AS o] A 28 3 g4
#abof o)5)ed clake] ATP $-9e] dejhy o=
BEg o|Fejdl zle|a|ut wfokalite] Hejald oz}
[Ca**] 2] 718 wutgte® C5b-9 5% A&7} A
d Hx SA843 4 AE2Ah 948 5 ogdds
Ao «AFc. [Ca*'), ¥5= Wi g2} TACSL
9, == 5000~10,0008f 5= <-vl{gradient)
7} gl & o7t 2) digke] Ca* f9e) doft o [Ca*' ],
7} #stgez 1.5 mM [Ca™ ]2 4tsf=ks] C5b-9
Fof A of 3 whe] fEAL7E deojuba 0015 mM [Ca* ],
+ Filed(Fig. 4-1) [Ca*']y ¥ = ¥ AxAbs} o)
dlsled AEY ATPE H5e deidcH(Fig 4-2)
ATP #7-E4d< ADPe A% #xs Ca*t 55 ¥
ghof] w2 M Eela2] 44 HxoE= E Aolrh @l
ichHFig. 8). =gk wa 5sh 234 ATP A9
of| 4g} FadelA MEe] ADP #88& aslde® o
AMet= Estgdch(Fig. 9). AMP2| #$e+x ADP
o 2} FdsiA Axs Ca*t = WEHrl Axd-l
8] F& Sxo 2e]E F71 E&gc(Fig 10) &
A AFg BiAeE AMP 24864 10% e]He
A& Fleld XY =g Fig. L)

Ax2 Ca*t sx HiFe| oje} EHH x4 Chb-
9 24 LDH #2l#2 trypan blue 44 a3
*HFig. 4-1)=142} ®jegh HAspgF dsichHFig. 12).
dextran® LDH f&|& oa+7]7] a4, ¢
Kim%§'"'2 4=z} =4kt wjeps] [Ca™ ]2 s}
€ AX Abghge A3 did vjAn FR ¢ 9l
skol] 2)&| <J#k& Wby adenine nucleotided
ATP7} [Ca* ]y = wale] U=F 2488 B4
a1, ADP 9@ AMPd M= 1 ez} W2 glglch.

Papamitriou5*"2 C5b-9me] #sde g s #
Ao 4 adenine nucleotide2] & o] [Ca*]
9] 7} @ AbgdAe] A Ade] 2MEFAE w2
wd AZabe] FlAlelzta &) A stdd.
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Az gu)d ghibol 4] Abg H 7|2l FRF2] Ha}
Urg Holw w7y agl A R2EAE 2f0]ghc? Y,
# Agala L1210 AxEs 2325 3~105=
of4 w3 AlZhdel] A EsAs Abg]Ale] 433 2 o)
# (Fig. 13, 15, 16)7F dojvie Hal=t =<l (Fig. 17)
2 oA EAFE dedd o 9 sl 1.5 mMely
0.015 mM [Ca™], AN AzAL "ell:= 0.15
mM [Ca**]"=l|+]2} Fdstgct. A5y Ca 55
# 7lale] Ag 4AF Fdel =S phase,
Fig. 14, 18~20) =l 413 s z&4E 2ol o
gha] olghzte AbslAlel #Hefsla] Hsb= ATP,
ADP % AMPS #&ze|x wzpeaql 24de]
g d9d Fopxr fch ey He] HelE B
o} DNA ¥#+ ¥ + $lsdz oy zz A 4
Ag AzAHo|A =2 galsslch dextrand £9 #
ol ksl E o A 2l 2] AFgH a2 o] Fef(Fig.
22) Ca** o|& ZF9 ol F&YE el £
g o)}, bzt Adefzhg Cattd& o3, A4
e 242 M4LF(3E) 49 2d-4 AR F
Al Ca* 2] Halz} abgldlel s slefvin] o= Ha}
ol o2 ApgH WAL Feo] woFe] Ca™ S34HE
ghabahad o

T4 Ao %%ﬂlﬂ% C5b-9,0| 2% ¥+ o
i {Fig. 27, 28)= Bhakdi % Tranum-Jensen™
Tranum-Jensen3S'79] 4o 2§ TEM 47
i} wlestes 79 =7 C5b-9ma= e & 4
Yol = 23 20~40 nme] 48 F=2 A7) &2
5 gt

Na*-K* ATPase= 4= 50% |42 ATP #l
Wz 4% Z2)e|w™ 15 mM ouabaind 44w
Hxefl4 NHCI KCI =% wiz|<l4 ATP #=Hd
FEA P, £ Agdld ouabain(27 M FE)E
Na*-K* #=z% <al4# C5b-9 FHA 538 wjek
27)e) MEAE 2A4FHL(Fig. 5-1) T elf+=
C5b-9 £2& %4 &% Na® ¢|+& &% + 9
2o® AEA7} 7HE&E =Hedd el o|d EAA
T ATP 4582 diek 108 o|Fl= 2%y &
7}5 7] Alztsbd+=d (Fig. 5-2), = % ouabain 2]
ogfe] MATAE e SHATAHE ek 108
o] FRe= 1 #lEe] AUEE 2o}, =§ Chb-

2 4] puabain(100 uM)2| E& 4 23 45

i BEas dEA B2 x| dA)FHeR o
ATP &% "olF A=o|sdch(Fig. 6). B HF 4]
s xe] feaete sl Na/K ATPasert &4
=™ Na® 92 B8t g 454 Az 8485
gtoldE = ald Alelch ek 100 #M ouabain®
K*2] f#4dlel “Rb #¢& 90% 2pA7]1=Iq9t
C5b-9 2o od8d 7 Estx =g 23
A MEALE FAAFAE EEle] gl {420}
AEE7] fEd e ol 545 v & B2
2] 7} ool gop, A FRSE Hige] A
10007 =]4+2] C5b-9 Sz} Az S2=A
v £ sodium B2zl sichgd s HE a4 2ot

C5b-9 #7|=22 Donnan #&=}s] 2|8l T
& ol olFe] e ME Feds AEWS
o 4 FdF KClsy=& #7323 23 ++48 5%
K* ¢|&8] dzute s o5& welFeln HAEL F
Hdeoed(Fig. 7) d=d9t9 K* «]&(150 mM)& a3
At A Sl AE ATPE A4dEl
2 odekg 23] ghabrhdata AF). o] H o4 =2
o) FHMAE ddr|de] & 45 =H 7lFE
A wfgakd epbyels 2771 g

[Ca**]= #Ed elsllendocytosis)s F§héld
Ca*" =& djAltdE =dsks AFd ofrfa=4
AEE 9 AZakged ZH #ALc). By FEF
Ealo] fAofay Ca* el £7r=l" protein kinase
C(PKC) 7]14¥e*} myosin light chain kinase 2]
gl4ks}z} ol efdeph,

Csb-92] W& Ca*" ol 253t 37°Cell A= 1 &7
Wz 358 e, =4k [Ca® ] 7 ol A=
2] #-&(secretory exocytosis), 584 w44 A=
Welyd, MEute] sl 2] S5 9 ghashe
of Wedgich, Ca*™ 4lEdl 2§t PEKC 43+ #
d ) Eeo) ] wlelyE dAl# C5b-9 AAE F3s
o'® C5b-9 T4 F¢ Ca* #yde® Hale w4
2] AE o] FR15},

b ¥ HPA=E THEe 2 FEAEs 2
A AR BaAsh Adagle]l C5b-9, 28 F8H
Ca**2 #4! % adenine nucleotide2] w2, 1=
4 f&e oo s Eae o]l2m nucleotide a8
o] Brle® Ax2] ¢ 7l AHUE qHEFHoEE
Al A e] Fauis 5 wWAds Ca™ 53 4l oty
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Advdd o ok

4 =

opg- Jug wl @l xS L1210 23 B3
Csb-9, ¥ Hes A2 HAed4 HE2] Ca™ F=
([Ca* ], )i, K* o], mal 4h54t ¥4, Na'-
K* ATPase 444 ® ATP Foo w2 s 4}
i3 M EW adenine nucleotide Faks 217l
2 Sastga, 54l HAge|HeR B FE %
Abe)Al wEE "Hedzew dste g e E
#F& 14

1) dEy ATP, ADP % AMP2| 4418 2&3
o2 mad oy, ol w} AEANFF deindch
nucleotide?] £44 1.5 mM [Ca*], Txo 7}
43} =] i}

2) ATP2] a4 & + sl

3) A =vte] KCI(150 mM), dextran(0.66 mM)
2 ATP 24« w2 xS A2 Zatdwe,
AEgte] ATP ®3(0.2 uM) 94 AxAE 534
o2 uelz £ glech =4 ouabain(27 oM W
100 aM )32 B33« o AEAE 30478
ATP £4& <= Eshch

4) Hzapgio]y P flEde g Hye] &
W "4 djse AlgdaE gy g Catt S3HE
& qlsjodc},

wpeps] B3 T w2} adenine nucleotide£
w2y zjixg ajrpgE 442 Ay Cat =
A 9 dEe F2E 54 554 esided 657
a] o2 Ay [Ca™ ] wxeld 7}5EE
o] Az} Ca® w7l <ljzx] mzke 94 C5b-9 ¥
Hell 2gh cfab4d #xa)abe] gk 7lHYE A Ag

(Mg B 978 95t @& =8 74 =id
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