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PROPERTIES OF ACATALASIC CELLS GROWING IN VITRO

FEHEEICES T DEH A

INTRODUCTION

Acatalasia 1s a rare disease character-
ized by congenital absence of the enzyme
1-5

catalase, Over 50 cases are at present

known. All of these cases have occurred
in Japan -- in Japanese persons and in one
Korean family; about half of the patients
are symptom-free, and the remainder develop
recurrent infections of the pgums and
Infection is chiefly
with anaerobic organisms and can often be
successfully treated with antibiotits.

Extraction of the teeth usually prevents

related oral tissues.

subsequent infection.

Acatalasiec individuals lack the enzyme in
all tissues which have thus far been
examined; 1n contrast to 1its ubiquitous
distribution in normal individuals, it is
lacking in liver, red cells, muscle, oral
mucosa, etc. in acatalasic persons.

Acatalasia is due to homozygosity for
a recessive gene. Heterozygotes, called
hypocatalasics, have red cell catalase
activities, which average about one-half
normal. The distribution of red cell
catalase activities of the heterozygotes
does not overlap the distribution for
normal individuals.

This report describes certain properties
of cell lines established from skin
biopsies of one hypocatalasic and one
acatalasic individual. The value of tissue
cul ture cell lines derived from patients
with inborn metabolie errors has recently
been emphasized by several writers. 8-10
Human euploid cell lines each biochemically
marked by the action of a Mendelian gene
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may eventually prove useful in the study of
genetic changes, such as somatic mutation,
transformation, and recombination. The
tissues of patients with certain inborn
me tabollic errors appear at present to be
the only source of such mutant lines,
Studies analogous to those reported here
alse have been performed on cell lines
established from the tissues of patients

with galactosemia.s’ll

MATERIALS AND METHODS
CLINICAL DATA

Cell lines were established from skin
biopsies from an acatalasic, a hypo-
catalasic, and eight other persons who
were normal or had an unrelated disease.
Clinical data on these patients are given
in Table 1.

‘?R z'\ » 1’” *é/’ i rj ri#‘l’l}%/\‘ .

EOBEAE L O
RIZG ST, AVFUVEEFOMERIZE - TH{L

FCEERR S SRR o BR AP EM &
FBRELTAABRD ORI EMN T VA, BE
NDEZAH, FEOERMNBERELZAT 2840
HEo iz Thh 3ERERIMELRFEERD
HZZENUEETHE. AEBCHE T 3R ICHEMU

LR, #7570 F— AMEBEOHRBES 515
gL wT EEREh TV 3. 80

M & L UHE

B PR A #

wHy 5 —-YIE, K1y 7 - YMELRES
1A BLTEE S 2 0 EAE & (FHEFEO RS
*ETA8LOERUY 6, MIaRH & 45 7.
ZhoEHII>VTOERERITEL IR T.

TABLE 1 CLINICAL DATA FOR DONORS OF SKIN BIOPSIES USED TO ESTABLISH CELL LINES
K1 HRFLEG-HIERLZREDF ORMECHT 2 BEREE

DONOR|AGE IN YEARS|SEX DIAGNOSIS REFE“PEU";LEI ST“uE;“DE::f"s”
| meEoEr | # % toMlaRECHT s UMoRE
ACA 60 M ACATALASIA A Y T — ¥ MAE

TAC 28 M5 |HYPOCATALASIA &4 % 5 — ¥ M4E 15

BA 30 F4 |MYOSITIS OSSIFICANS & B i %%

I TA 40 M 5 |NORMAL CONTROL IEH i B8 23

nuF 3 M B |CHRONIC TOPHACEOUS GOUT 16 15 48 B0 14 9

TOU 1" F4 |GALACTOSEMIA #3rb—AME 8, 11

MA D kK] F % |GALACTOSEMIA HETEROZYGOTE #5# b— 2 MiERANELTE g, 11

BE 21 F#C|PRIMARY AMYLOIDOSIS 5T 58 14 2880 A g, 11, 15

z0L 12 M5 | WILSON'S DISEASE T4 R

LBR 11 M BIGALACTOSEMIA #H 7 b= A MEE

The normal control ITA cell line was
established from biopsy of the skin of an
American donor of Japanese origin. Some
of the cell lines have been used in other
experiments in this laboratory and the
appropriate references are given 1in
Table 1.

Figure 1 presents the pedigrees of
both the hypoecatalaslic (TAC) and the
acatalasic (ACA) patients, neither of
whom demonstrated symptoms.
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FI1GURE 1
1

PEDIGREES OF DONOR ACA, ACATALASEMIC: AND DONOR TAC, HYPOCATALASEMIC
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Red cell catalase assays performed by

5

a method previously described®” were

as follows:
SUBJECT ##H

ACARES & 7 — ¥ ILIE
TAC{E # ¥ 7 — ¥ MiE

ACA acatalasic

TAC hypocatalasic

LIBi o E TR L 22 ks 1ok - THRIMmEk
hyF—FYRlELERL, ZOMBEPEITROHED T
hb.

YELOCITY CONSTANT OF RED CELL CATALASE

FER S 55— CRREtEy  (cat)
0

2507

759 Japaneee controls Takahara et al 250# @ HAAHEI%E 5.38 £ 0.73

TECHNIQUES OF CELL CULTURE

GENEBAL TECHNIAQUES.
established from skin bilopsies.
instances a 4 mm punch biopsy was removed
Biopsles of the

All cell lines were
In most

from the skin area.
acatalasic and the hypocatalasic patient
were performed in Hiroshima. Directly
after excision the tissue was cut sterilely
into sections several millimeters in
diameter and placed in glass test tubes
with tissue culture mediuml?
40 per cent N 15, 59 per cent Saline G,
and 1 per cent of Puck's antibiotic
The tissue was shipped by air

consisting of

solution.

MRS EE &

—HHAE. TR ToOMBRRHEIEEOR 25
B, W, B4 mOEEEIEAY L5 7.
WA T—YMELSLPED Y - EYMIEHRDOK
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WHERED Y & TEHERmO U 128 - T40%N
15, 59% ik G B £ 1 % Puck FiEWHE A
THELRAREERZ 2 A0 H 5 ARBRENICHE
T, BRI (BRRE T) N+t X F T ONational
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at cabin temperature to the National
Institutes of Health in Bethesda, and in
both cases was processed about 80 hours
after the biopsy.

The general method of establishing
the cell lines was based on principles
originally set out by Puck and his asso-
ciates 1n 1958. Detalls of the technique
used have been published elsewhere. 8 The
established cell lines consist entirely of
fibroblasts - a fusiform transparent
cell (Plate 1). From biopsies of normal
skin from persons of normal karyotype,
these cells will be euploid, and the
euploidy will persist as a stable feature
of the line.12-1
monolayers on one surface of a glass
bottle or dish.

5 The cells are grown as

OEA T IZT R 2 - T 5 F800F M4 12
=i,

MM R %215 5 Hik e L TIE, 19584 12 Puck
L2 OEFEFRSE SR IZEE L HEICRER
5. AFERETHOWZ HEOFEMIZO W TR
CEEFH 5.8 ZofEicks TRLMBERE
i, TANTHEMESFMET A b b, BEROEML
MilaThs (FHL1). BUEIEETHZADIE
BLEBEOUR T, ZhsoMlEsEesd
> T, ZOEEEIMERED - LAREE L
TE26h3.%% i, Fs280lz-1E
Mo—michikEes LThET 5.

PLATE 1 Photomicrograph of a culture of

the ACA acatalasic cell line showing mitosis.

cells are fusiform and transparent.(X150)

BEH1 ACAZEH ¥ 5 - YHRERHAEZEONMBEEL. AAGREZRT.

ML AR BN T H S,

SELECTION EXPERIMENTS. A large bottle
(Blake) of cells was subcul tured into 50 to
100 smaller (T15) containers. Twenty-four
hours after subculturing the cells were
washed twice with 3 ml of the following
balanced salt solution:

MIKEER. KHE (Blake ) [Z AN THE L 40
faz & 51250% 5 100fE oA & WEEE (T15) 2
FHTCREEBEIT L » 2. ZREESEUFRMEIC
Mg TP BEAKE3Ing T2 RIEEFL /.



L L T L, o 6.B0 grams
D e o o T R e e e 0.40 grams
NaHEPU4-2HED ................................ 0.15 grams
W BHGD e i 30 e i i e e e e i (et 4 e 2.20 grams
pistilled water to make 7Rk A&IMi T Fean 1 liter

The cells were then overlaid with 2 ml of
the above solution now containing varying
concentrations of hydrogen peroxide. The
solution was incubated with the cells for
20 minutes at 37° ¢ and was then poured
off. The cells were washed once with 3 ml
of growth medium; then incubated with fresh
growth medium and fed every 72 hours.

The concentrations of hydrogen peroxide
used were:

0.8 x 10”9 Molar, 0.8 x

After the second wash with the balanced
salt solution, and before exposure to
hydrogen peroxide, six bottles were frozen
for subsequent determination of cell
Thereafter, three of the bottles
exposed to each concentration of hydrogen

protein.

peroxide were frozen every 72 hours. Cell
proteins in the selection experiments were
determined by the method of Oyama and

Ea.gle.l6

For graphs the unit of cell
protein is defined as an amount of protein
giving the same optical density as 0.1 mg
of bovine albumin. These experiments
s imul taneously employed acatalasic cells
and normal cells so that they might be
washed and treated with the same solutions

and fed with same media.

CHEMICAL DETERMINATIONS

After the first two or three subcul tures,
the cells were transferred to large
bottles.
formed, the cells were subcul tured.

When a confluent monolayer

Periodically a bottle was removed for
assay of cell catalase. The cells were
harvested when the monolayer was confluent,
as in subcul turing, and a single bottle
usually yielded between 5 and 10 mgs of

cell protein.

KL iz LR OGRS L OBRE O
Bt kErEMae0%2mg Hii LANS. #llg
L 3£1237°C 0 MIER L 2tk ERBIRERLAL,
Mk L3mg T—ERFLE. 2P 5 F
e bR Hh TR R L, T2RFRE KB AL EE
L7

LB EkFEORELROBY THS.

10"% Matlar, 0.8 x 1079 Molar

T AR TAWE T 2 Il H OB E A 5 TR
KECIEA B2, ZOhPL6FDOHE LD
HLTHEL, % CHREARZNETSILY
I o 7. BB OBERL KR &N 2 - RILT2EE
MEICHZIAT D& 5 THE L. BRFERC
B2 IaE B E L, oyama 3 & (f Eagle
OFETERLE. KBEOERIZY S T, TV
73y 0.lmglA—RFMBEE* RS2 EARSE
MAEABOKBME LTHWE., ZhH5DERT
t, Hy 5 — YL ERMRE 2E-BEW#ET
EEFBLCRUEL, PO EEEFEHATES
£ ICmE & MR IR 2.

ftEMER

Bvlo2 hE3Mo KEEOKIZ, Mgz
KB LA, Mlaodi L BRSNS
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CRHEERICB T ABA LR, ERLEED
U MaEIRR L, 1AOHEA, S IEHE S
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The cells were digested from the glass
with a 0,05 per cent trypsin soluti.on,8
spun at 1500 rpm for five minutes, the
trypsin was removed and the cells were then
washed three times in 0.85 per cent sodium
chloride. After the final wash the cells
were suspended in 5 to 15 ml of 0.05 molar
potassium phosphate buffer (pH7) and
transferred to a plastiec nonconical
centrifuge tube (Spinco). After placing
the tube in a beaker of ice, the cells were
disrupted with a Mullard probe sonicator,
which was energized during 4 periods of
30 seconds' duration each. Between each
pulse the suspension was allowed to cool
at least 30 seconds; and at no time did the
temperature within the tube exceed 10° C.
When a large numbher of tubes were processed
the probe was chilled with ice after every
In most instances control
cells and acatalasiec or hypocatalasic cells

eight pulses.

were processed simul taneously.

Following cellular disruption 2 ml
aliquots of the solution were removed
and transferred to a Beckman cuvette
for a spectrophotometric assay of the
catalase activity of the sonicate. The
method employed was that of Beers and

17,18

Sizer and has been used previously

on cul tured cells.lg

Thirty per cent H,0, (Fisher Scientifie
Company) was duluted in 0.01 M KH,PO,
buffer (pH=7) to 0.03 molar. Then 1 ml of
this dilution was added to the 2 ml aligquot
of cellular sonicate in the cuvette,.
Following addition of the hydrogen peroxide
optical density was taken at 10 second
intervals at 2400 § in a model DU Beckman
spectrophotometer. The first reading was
obtained 10 seconds after the introduction
of peroxide into the cuvette. The net
change in optical density for the first
minute was computed as

A cony =

(ﬂDJ.lnn =

#EAES% MY 7Y B Tk LT AT
AR S L, 51500 rpm TR ST BE R 1T 2
STRU T vEBRELE. 202 68183%085%
WAL+ P LA TIMPEEF L2 BIEEESHIZS
W L15mg d0.05F L KR H YU 4 BT (pHT)
e THREEREEY, 77 A2AF 2 78O
MRz = Lo B (Spinco) ZfE L /2. Z 0% %
DA EE—H—I1Z AN T, Mullard #E5HIREE
FEOER I L AWM T 24T 25> T
Mifsd e Lz, BMERLEL 1072 &1
LR L L L0 s RN, BERR
EACEBIAAZEE—EL L £2HO
EEUET A4 0, BERLESEZ 8 [H{E S
ZTEIZRTHHLE, FuTwoE&Icld, W
MlEs L UELY S —¥Ho0EESFy 7 —Fill
8 % [F)y 2L L

o

Q

MaEHE L2051, BHE 2md 2 NW-T
Beckman 7 %/ T, R IZFE L, HEHEIRLEYHO 5K
HIEFRE S EE L . Mi|IBeersk L F Sizer
D HETE IS TITh - 2. ZHIGLIAETIC L 55
FELAMEOBREIIHWZZ LS ST

30%H, O, (Fisher Scientific Company ) #
0.01 € VKH, PO, #&f it (pH=7) T0.03€ L |
LAXHIIHEMLAE. Zhd5 Z0FHREInd %
77Ty bR OETIRLEME 2 12 Z 2.
W EEL K 3R & N 2 72 #% T 1Y FE DUAY Beckman
SWICEESE A 2400 A 12 U T 10FD RIRE <3l E L 2~
OB E &, WELAKEEZ 7Ty FIZARILD
BLTiITA - B0 1 5B oERDLFN
REOEXIEIRORNOMIFHA L. T4 bbb,

(00) pgn

where the two terms in the numerator refer
to optical density at 10 and 60 seconds

respectively. The individual readings were

5/6

ZORT, it 2508 FNFR10E
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also plotted in each assay to determine
whe ther the initial reaction rate was
constant over thils time interval, and
could therefore be used to quantitate
enzyme activity. Assays were run in
triplicate. A millimolar extinction
coefficient of 0.040 was used for hydrogen
peroxide.

A 0.2 ml aliquot of the cellular sonicate
was taken for determination of the cell

protein by Lowry's me thod. 20

Using the computed change in optical
density over one minute, the millimolar
extinetion coefficient of hydrogen peroxide
and the concentration of cell protein in
the cuvette, the specific activity of cata-
lase in the cellular sonicate was obtained.
This latter figure was then multiplied by
60 to give a virtual quantity: micromoles
of hydrogen peroxide reduced per hour per
milligram cell protein. Except where
otherwise specified, this unit of call
catalase activity will be employed in the
graphs and tables to follow and has also

been used by Liebermanxpnd ove. 19

/

During 60 Seconds'?irtually no spon-
taneous reduction of hydrogen peroxide
was noted, when the cellular sonicate
was not added to the cuvette. The spectro-
photometer readings were corrected for
a protein blank.

RESULTS
CATALASE ASSAY

GENERAL PROPERTIES. In Figure 2, the 10
second optical density readings from a
typical assay are plotted against time. It
will be noted that the curve is linear.
In Figure 3 catalase activity 1s plotted
against the gquantity of cell protein in
the cuvette, using the ITA line. The
relationship of catalase activity to cell
protein is linear and the line passes
through the origin.
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FIGURE 2  KINETICS OF HYDROGEN PEROXIDE REDUCTION IN CELLULAR SONICATE SOLUTION
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FIGURE 3  RELATIONSHIP OF CATALASE ACTIVITY TO CONCENTRATION OF PROTEIN
IN ITA CELL LINE
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In order to inquire further whether the
measured catalase activity could be assumed
to be proportional to the quantity of
catalase present in the sonicate, the
following experiment was performed.
Crystalline beef liver catalase (Biochemica
Behringer) was dissolved in the buffer
described above and diluted to approxi-
mately 2 x 10-93 mg/ml. A solution of
sonicate from cells of the ITA line was
also prepared with a protein concentration
of 0.417 mg/ml. These two solutions were
conhined in varying proportions to give
a total volume of 2 ml in each cuvette.
One milliliter of 0.03 molar hydrogen
peroxide was added to each cuvette.

Observed catalase activity was compared
with theoretical activity computed from
the known values for the two separate
solutions. The data are shown in Table 2.
Agreement will be noted between the
theoretical and observed values, suggesting
that the concentration of crystalline
catalase can be accurately measured in the
presence of the cellular sonicate.

Ay 7 — EiH1E O R E AR E RLEE O
ey —E¥RICHFAFTI22ELE S SIZHANS
WIZRDERRT % - o, $ERFHEY & 57—+
(Biochemica Behringer) % | ¥k o) kil ik AR
LT, $12X10°mg/mfd 1245 THRLA
ITARBEO Mz @ FRLEERLEQRE
0417mg/meIZ % AEHEM L7 2D 2> DiEW%
frnBE&TEALT, £79 2y bROLEHE
22mf 12L7. 0.03F VBRI AE Imdt&

v M2 .
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D LIFBERLEBEMEO S 2B/ S
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TABLE 2 COMPARISON OF OBSERYED AND THEORETICAL CATALASE ACTIVITY IN MIXTURES
USING CELL SONICATE AND CRYSTALLINE CATALASE

£2 WBEHEUEARELELRYF I YERHAVWARGHEIIBIEH Y 7 —EiEH
Bl - MiniE & o i

SOLUTIONS ADDED TO CUYETTE IN MILLILITERS

CATALASE ACTIVITY

TY I PIZMZAEOR (ng ) A 57— Eigtk
-
CRYSTALLINE CATALASE |SONICATE ITA ceLL LIng (%03 “P""R"““""”R”EE" OBSERVED | THEQRETICAL
RHy7— Yl BTN LA ITAMRRSH | 0.032 L Bk AEE i e
2 0 1.0 428 428
1.5 0.5 1.0 491 497
1.0 1.0 1.0 558 564
| 1.5 1.0 624 636
[i] 2.0 1.0 02 702
sMicromoles per hour per 3 ml of sclution (the total volume in the cuvette).
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ROLE OF EXTRANEOUS VARIABLES IN DETERMINING
THE CATALASE ACTIVITY OF A CELL LINE. A
number of variables have been examined to
determine whether they influence the
catalase activity of the cell lines. The
chief variables studied were:

The age of the cell line

HREREOH 27— EERAEILCE T HHABHE
BO®E. HToZREZHBFLTzhrflas
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The number of subecul tures

The estimated® number of times the cells
increased in cul ture.

The interval between enzyme assay and
last subecul ture, i.e., the number of
days the cells were in the bottle.

No significant effect of any of these
variables on the catalase activity of the
lines was found. The data on the effect
of age of the line is typical and will
subsequently be discussed in more detail.

Triplicate assays of catalase activity
during each determination gave almost no
variation in results, Assays of bottles
of the same cell line on different days
did not, give precisely the same
values. The coeffilcient of variation

(standard deviation x 100 divided by the

however,

mean) lies between 10 and 18 per cent, the
value depending on the cell line. The
acatalasic line is an exception. No

variation in the results from this cell
line could be detected by this method.

CATALASE VALUES

Table 8 presents the mean catalase
activities of the cell lines employed.
Activity, computed as described previously,
is expressed as micromoles of hydrogen
peroxide reduced per hour per milligram of
cell protein. The control cell lines
differ in range of ages and in numbers of
subeul tures. Some of the lines are
older, than the
hypocatalasic and acatalasic cell lines,

while others are younger,

and corresponding variation is seen in
These two
appear to have

the number of subcul tures.
parameters, however,
no discernible affect on the catalase
activity. Figure 4 graphs the distri-
bution of catalase activity for the eight
normal lines (38 determinations), the
hypocatalasie line (15 determinations) and
the acatalasic line (8 determinations). The
three presumptive genotypes do not overlap.
In Table 4 the data are summarized. It

will be seen that activity for the acata-
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lasic cell line was zero. The ratio of EHbhD. Ié'%—ﬂ:*&ﬁ'fﬂiﬁ?fﬁJi"df:ﬁ&’ﬁa)-"{’:fﬂ?ﬁ‘[ﬁ&J'F

th an activity of the heterozygous line R
e J e AR O PG & DL, 0.28TH 5 .
to the mean activity of the normal cell

lines was 0.28.

TABLE 3 NUMBER OF DETERMINATIONS, AGE, AND MEAN CATALASE ACTIVITY FOR EACH CELL LINE
#£3 BHlRHEOMELR, FhdLUTHEL s 7 - Yiflk

NUMBER OF AGE OF
CELL LIME|SUBCULTURES®*| CATALASE ACTIYITY |STANDARD ERROR
CELL LINE DETERMI -
i DAYS NUMBER MEAN OF MEAN
A o % NATIONS R ) ) !
A B T TR RN R Efgh v 5 —EiEE Frfif miEHERE
ACA ACATALASIC ACAEH 7 — ¥ IiE 7 33- 93 4-11 0 0
TAC HYPOCATALASIC TAC{EAH # 7 — £ MiE 15 78-182 i=:1:9 p [ + 14.0
BA NORMOCATALASIC BAEX& ¥ 5— ¥ 1 61-128 =12 756. 4 . T
ITA NORMOCATALASIC ITAERA # 7 — FMiE ] 29-104 3-14 575.9 =l A
DUF NORMDCATALASIC DUFR‘-.%‘M&*.%—{”ME 3 13- 18 3 669.0 S
10U NORMOCATALASIC JDUIE#H # 5 — Y IMEE 4 286-307 21-24 444, 2 + 50. 3
MAD NORMOCATALASIC MADIEX 4 # 5 — 4 MiE 2 284-306 18-22 8B3.0 + 113.0
BE HNORMOCATALASIC BEEE¥# 57— YliE 2 303-308 34-35 1108.0 t 108.0
ZOL NORMOCATALASIC ZOLEH#H & 5 —HMfE 3 29- 440 3= 5 546.0 L
LBR NORMOCATALASIC LBRE¥A ¥ 75— YIMiE 4 36- 53 4- 6 plZs B + 55.7
-- HELA (LP-8) 7 . i == 712.0 42
sNumber of times the cells have been subcultured at the time they are harvested for assay.
catalase activity is sxpressed as micromoles of hydrogen peroxide reduced per hour per milligram

cell protein.
BEOLDCHIMETRS $ TIMIRE REE LMY, 257 - CiEtEE, MREA mg4) LEMII>wTRLENL
e kENDA TOEALTHLEDLT.

FIGURE 4 DISTRIBUTION OF CATALASE ACTIVITY FOR NORMOCATALASIC,
HYPOCATALASIC, AND ACATALASIC CELL LINES
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TABLE 4

SUMMARY OF MEAN CATALASE ACTIVITY FOR ACATALASIC, HYPOCATALASIC,

AND NORMOCATALASIC CELL LINES
24 WHhyS—F, BASYT—F¥HLUERD Y S —FHBEIHEN
B & 5 — Btk o

A CELL LINES|DETERMINATIONS|CATALASE ACTIVITY|STANDARD ERROR
NUMBER NUMBER  MEAN OF MEAN
i T HE B i 5E O 3 FHA s 7 — Pl | PO EERS
ACATALASIC
¥ 1
WAy S — ¥ E 7 0 0
HYPOCATALASIC
5 1 +
B 55— ¥ME ‘ : 2.2 40
NORMOGATALASIC
A ATALA 3 t 21,
EEA %5 — €M 8 20 faz-0 218
hypocatalasic {&# % 7 —FIUE _ e

normocatalasic FEH ¥ 5 — £ LI

In Figure 5, catalase activity of the TAC
hypocatalasic cells and of the BA normal
cells are plotted against the cell age.
There is a suggestion from the graph that
the catalase activity may fall as the cell
line ages. the small effect is
not statistically significant, and does
not impair discrimination between the

However,

lines.
coefficients for age and catalase activity

The product-moment correlaiton

are:
CELL LINE #HiaZF#

TAC hypocatalasic TAC{E# ¥ 7 —FILiE

A normal BAIEH

F1GURE

HSizHWT, TACIEK A ¥ 7 — gl & U
BALHMlan A 47— Vi e Mlat FEodR
A#EoME2zRLTHS. ZoXELL, #R
RS EL LBz TH Y S —EEENETS
AZOTIEEVALEBI LA REERS, LAL
LR ZDEIBBBEKHMNIIARE TR Z <,
Zfila MoK B E RIZT E OTIE 2.
EEbP I UH - BiGHo T 2EMM - € —
A FMEMEFZREEAOEYTH B,

CORRELATION COEFFICIENT #HBY{% 2

-0.165
-0.137

5 CATALASE ACTIVITY RELATED TO AGE FOR BA NORMOCATALASIC

AND TAC HYPOCATALASIC CELL LINES
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Assuming the population correlation
equals zero, using the 'z!' transforma tion?1
the probability of obtaining sample
correlation coefficients as large as these,
by chance, is greater than 0.5 for both

cell lines.

In several experiments catalase and
lactic acid dehydrogenase were measured in
aliquots from the same cellular sonicate.
The data are shown in Table 5. The three
genotypes appear to be distinguishable by
the ratio of catalase activity to laectie
acid dehydrogenase activity. The mean
catalase activity of the normal lines is
about 750 micromoles of peroxide reduced
per hour per milligram cell protein. This
figure represents the catalase activity
of approximately 7 x 1075 milligrams of
crystalline beef heart catalase.
human cultured cell catalase and beef heart
catalase have nearly the same molecular
weight and equivalent activity, human cell
catalase can be said to approximate 0.01
The fact
that cultured cells have less catalase

Assuming

per cent of the cell protein.

activity than many intact tissues has been
19,22

noted by other authors.

It is of interest also that the medium
in which the cells were grown contained
and had
considerable catalase activity. One
milliliter of medium could decompose
roughly 7 micromoles of hydrogen peroxide

12 per cent pooled human serum,
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TABLE 5 COMPARISON OF LACTIC ACID DEHYDROGENASE AND CATALASE ACTIVITIES
IN SELECTED CELL LINES
#5 WkL-MaRHECs T AAEBEKREL D S5 — EIHMEL O

CELL LINE suscuLTure| "6F OF SELL LINE| bW ACTIVITY [CATALASE ACTIVITY “TARLAATS'ED{L;}H

g & H TR 53 A sl LOH G | Mlissan s & 5—tiEE | #55—+: LDH
N e I 13 143 182.0 834 5.1
%{,;E?f‘,’”g“g“:fﬂh% 4 15 73.5 761 10.3
s LA 12 115 103.0 142 1.4
TACE # ¥ 5 = % fufE i ez s sl i
ACA ACATALASIC
ACAME# ¥ 7 — ¥ [LfE i 31 L b 0
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per hour. The cells assayed were grown in
75-100 milliliters of medium, which was
changed every 72 hours.
there was about as much catalase activity
in the medium as in a milligram of cell
protein. However, after several months
of growth in such media, no catalase
activity could be found in the protein

of acatalasic cells.

MIXING EXPERIMENTS

To determine whether acatalasic cells
might contain a demonstrable inhibitor of
catalase activity,
performed.
was mixed in varying proportions with a
sonicate of cells of the normal ITA line.
Catalase activities were determined on

mixing experiments were
A sonicate of acatalasic cells

the mixtures and on the two sonicates
Theoretical values were
computed assuming no inhibitor. The data
are set out in Table 6, and are plotted in
The observed and theoretical
and the catalase activity of
the normal cell sonicate was not reduced

separately.

Figure: 6.
values agree,

by the presence of the acatalasic sonicate.
Nor did the presence of the acatalasic
sonicate in the mixture increase catalase
activity over the theoretical value - which
might occur 1f the normal ITA sonicate
released the enzyme in the acatalasie
From Table 6 it is possible to
compute the catalase activity of the
the sonicate
containing half normal and half acatalasiec

sonicate.

synthetic heterozygote -

It is notable that
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protein. The values are: AU TH LS. FOHIIKOBY TH D,
SONICATE Synthetic heterozygote - npsc!xgd value CATALASE ACTIVITY 266
A A b= SR s s REE SR BRI h x5 — gt
theoretical value 244

P

Aztual heterozygote TAC-
FEFEO TAC B A ik

These values have been compared merely to
show there are no gross differences

between them.

Analogous experiments were performed for
the hypocatalasic cell line combining
sonicates of the BA and TAC cell lines.
The same result was obtained as that
described above.

mean of
5 B 15 o i
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15 determinations 211
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TABLE

OF ACATALASIC AND NORMAL CELL LINES
£6 EHAF¥T—FHBRRHKLEFHEERFLDESKI BT 2077 —EiEHED
B - BaE & o i

6 COMPARISON OF OBSERVED AND THEORETICAL CATALASE ACTIVITY IN MIXTURES

PROTEIN IN CUVETTE CATALASE ACTIVITY
sy FhOBEAR # &5 — it
ACA ELL A
iTA BELE LANE on LEEL DINE TOTAL ARA OBSERVED | THEORETICAL
ITA R4 ACARH Fi 8 i
mg mg mg % BEM B 3 1E
0.529 0 0. 528 0 256 256
0.307 0.135 0.532 24 198 193
0.285 D.270 0.535 50 140 128
0.133 0.405 D. 538 17 63 55
0 0. 540 0. 540 100 0 0

2%2)

CATALASE ACTIVITY (umH
B ¥ 57— Fitk

SELECTION EXPERIMENTS

AND ACA ACATALASIC CELL LINES
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FIGURE 8 CATALASE ACTIVITY FOR MIXTURES OF CELL SONICATES OF |TA NORMOCATALASIC
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Figure 7 plots the results of one

selection experiment. The CB cell line,

the control in this experiment, was

developed from the skin biopsy of a 38 year

BEA7i1ziE, 120@KkEBROER2 R L 2.
COERIIEVTCBAMEEHKEARE LTHY,

old man with alcaptonuria. The cells were THIETLVA T Y REOBFOBMO LB
56 days old at the beginning of the i

experiment and had a catalase activity of PHRELDTHB. KERBIAERG 221560 &
1122. The acatalasic ACA cells were 105 BBLTHEY, 20h5y 7 -¥iEEILIN2TH -
days old. The initial cell protein was
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the same for both lines.* The cells were
as described (Page 5) with
hydrogen peroxide at zero time. The
increase in cell protein after exposure to

treated,

the experimental concentrations of hydrogen
peroxide was then followed.

F1GURE 1
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MILLIGRAMS OF CELL PROTEIN IN CB NORMOCATALASIC AND ACA ACATALASIC CELLS

FOLLOWING TWENTY MINUTE EXPOSURE TO VARYING CONCENTRATIONS OF HYDROGEN PEROXIDE
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The general shapes of the growth curves
for the two cell lines are fairly similar
for each concentration of hydrogen per-
oxide. No gross difference between the
lines 1is discernible. The CB cell line
grew slightly more rapidly than the
acatalasiec ACA line. With the concen-
tration of hydrogen peroxide at 0.8x1074%
molar, both cell lines were able to
double the initial protein but could
not grow further.

2 D OHINERH D B iRE OB KR 12k T
RO — BRI ZDHMUL TV 5.
MR HEICHAZE LB 6T V. CBR A
OFEEIL, BH vy 5 —VFACARBE OFh LN EE
PIZBETH 7. 0.8X107" ENER @B
fEkFE TRk s L RVWOEARIEIZEL 5
A, Thll EoEMsERs hth s .

*The value for the cell protein includes an increment (about 0.5 units) contributed neot by the

cells but by the protein in the medium.

However, what is important for this experiment is that

the true initial cell protein can be assumed to be the same for both lines and for all the

different concentrations of hydrogen peroxide.
Al EAEEER L 013508 <

3., L LEH5,
FBl—Ts2tEELRLIZLETHS.
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These experiments and others tend to
suggest that acute exposure to hydrogen
peroxide will not preferentially select
against acatalasic cells, at least not to
Chronie
exposure to low concentrations is at
present rendered difficult, owing to the
high quantity of protein (and other
reducing substances) in the medium which
tend to promptly reduce the peroxide.

a readily measurable extent.

DISCUSSION

Acatalasia appears to persist as a
recognlizable defect in cells growing in
cul ture and may therefore be used as a
biochemical marker in genetic experiments.
At present, acatalasiec human cells have no
counterpart in microbial genetics and might
eventually be of help in elucidating the
physiologic function (if any) of catalase
at the cellular level. Since ionizing
radiation is sometimes thought to affect
cells through the creation of hydroéen
the radiation sensitivity of
these mutant lines may also be of interest.

peroxide,

Present inability to develop a system for
selecting against these cells limits their
When the
func tion of an enzyme is not clearly known,
it is difficult to effectively challenge
On the other
hand, galactosemic cells can be selected

usefulness as tools in geneties.

cells lacking the enzyme.

against in cul ture under conditions where

8 The simul taneous

normal cells will grow.
use of both these techniques should permit
more elaborate genetle experiments than

would be possible with either one singly.

SUMMARY

Acatalasia, a disease due to homozygosity
for a Mendelian gene, is characterized by
the absence of the enzyme catalase from
the tissues of the human body. Red cells
from heterozygotes have enzyme activities
about one-half normal.
the development of cell lines from skin

biopsies of an affected homozygote, a

In this report,
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heterozygote and eight control patients is
desecribed. The cell type 1s the euploild
fibroblast.

It was found that acatalasie cells lacked
the enzyme,
months in a medium rich in catalase.

even after growing for many
The
control lines all had mean catalase
activity double or more that of the
heterozygous line. Selection experiments,
measuring growth of cells exposed for 20
minutes to varying concentrations of
hydrogen peroxide, did not provide a
system for preferentially eliminating

acatalasic cells.

Certain other experiments were performed
bearing on the enzymatic defeect in this
disease.
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