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Cytidine deaminase [E.C.3.54.5], which HBALOTFEEI L -»THES N ABBERKNO

catalyzes the deamination of cytidine to ammonia

and uridine, has been s

electrophoresis using techmiques developed by
several investigators. .Eighteen persons have

tudied by starch gel

HEEBAWT, cytidine 257 YE=7 BT uridine
ADBET 3 /4L E T 3B cytidine deaminase
[E.C. 3.5.4.5)z20 T2 T/ KGT

been screened in Hiroshima for cytidine - - . .
d 18 A % 3 % 12 cytidine d {(CDAYIZD W T
deaminase (CDA) and preliminary experiments cytidine deaminase

to determine the feasibility of storage of
leukocyte extracts, their subsequent electro-
phoresis, and staining for CDA have been made.
Suggestions for the adaptation of CDA to
polyacrylamide gel electrophoresis are presented.

INTRODUCTION

CDA, an enzyme restricted to leukocytes, # B

particularly granulocytes,

terized by several imrtasti,t,ra'cors.l'4 CDA has a

2w Thl3.

RERTorOTEOHERII>OTHE TS, Al
HEMOEEFTEE,EI P TFWERELADS,
Bz owT T RKE £ T, CDARRELT-
2. CDA@RYTZYNT I FEAKOEHE

has been well charac- BB, S ERSRICOLELETIHETHS CDA

molecular weight of 51,000, an isoelectric pH of

4.8, and is maximally active over the broad pH
range of 5.0-9.5. Chabner et al> have shown
that dithiothreitol stabilizes the enzyme and
have examined the affinity of CDA for various
substrates (Table 1). It has also been demon-
strated that CDA from immature granulocytes of
patients with either myelocytic leukemia or
infection has much lower activity than that
found in mature granulocytes.2

RN AN - TP AL R -

On the basis of a study of four families in the

CDA was shown fo . e e o
Washington #| Seattle THIBEK ? 4 ZH =B+ 5 @HE

exhibit two polymorphic forms, CDA 1 and ashinglon 71 Seattie * i :

s of the families were i2&h, CDA2f 28], v4bh5 CDA 1RV

Seattle, Washington area,

CDA 2.! The phenotype

consistent with autosomal codominant inheri-

ChDAZD S eF@EBERLET 2

OHBIZOVTIE, BEOHEF Ic k- CHA
HEEEATYS, CDA X, #F51,000, SES
pPH 4.8T, ZoiEii pH 5.0— 9. 50AMIZh iz -
TAT#H 3. Chabner 521, dithiothreitol #7270
BEFEESEIEEMERAL, FBERIIHTS
CDA oA &k (1), 4, BHizkiERD
FXEBREO VT A» 2 H 4 2 880 RBIERN
B CDA TF, BAEMEROZ ALY & IEEY

nhoDFEERD
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TABLE 1 MICHAELIS CONSTANTS FOR SUBSTRATES
FOR HUMAN GRANULOCYTE CYTIDINE DEAMINASE

#1 kFBHERO CDAGERIZETIINIYAER

*

Substrate

Km

uM

Cytidine

Deoxycytidine
Ara-cytidine

CMP, dCMP, CTP, dCTP
Cytosine

11
26
88

Inactive
Inactive

tance of two allelic genes, CDA! and cD42.
Homozygotes showed either the CDA 1 or CDA 2
phenotype, while the heterozygous state was
represented by the CDA 1-2 phenotype. No
isozymes other than these two polymorphic
forms, CDA 1 and CDA 2, have as yet been
discovered. It has also been suggested that CDA
is a tetramer based on the electrophoretic
pattern of the heterozygote.l

Data obtained from 189 Caucasian blood donors
in the Seattle arca,! showed that the allele
frequencies were 0.65 for CDA{ and 0.35 for
CDA?.

The Biochemical Genetics Study (BGS) at RERF
does not currently examine the electrophoretic
pattern of any leukocyte enzymes. Technigues
are presented here which will enable RERF to
incorporate leukocyte enzyme electrophoresis, in
particular electrophoresis of CDA, into the BGS
program. Preliminary results of experiments to
determine the practicality of storing and later
electrophoresing leukocyte extracts are also
presented.

METHODS

Preparation of Leukocytes!

Plastic test tubes and pipettes were used to
transfer or mix preparations which contained
intact leukocytes because of the tendency of
white blood cells, particularly granulocytes, to
adhere to glass surfaces.

Five ml samples of heparinized human venous
blood (20 IU heparin/fml blood) were stored at
4°C up to a maximum of 12 hours before
centrifugation at 800xg for 10 minutes. The

FREE, Zo0MIEETF, Tabs, CDATRY
COA*p ¥ e R EHEREREN: —BT 340
Thol. FEESKIE, CDA1XIE CDA 200
NPDOHREHENERLADIIELT, BRESMEOR
MBI CDA 1—2FHAUTE-TREEATVE, &
FTOHELZA, ZhbZ2MER, T4bhb, CDA 1
RUCDAZLADTAVHFLILGHEREN T,
Eiz, CDA L, REEAHOEHREKMEIZHE-TVT
FEFETHELLREERTw S,

Seattle K 2 HTHAORMEIVA»SHS A
HEETI,! MIXBEFOEEIL CDAY 500,65,
CDARH03BTh L HBAD SN,

E, BOEFOBREECFNNE(BGSI T, A
MERBFZEOBREABE >V TRTLFEANTL RV,
MRS, BGS MiitE~, AMREEE, #Hi-
CDA OBRMMBELHAANZ LN TE ZFE
BICET. 4, RIUERMEH AL, B
ERFE ERET S THEESES S 2D TN
EREREFLRL L.

A&

BOROBMEER!? 2

BIER, 3FIZEMIREIF S AORGICHET AHEH
HHOT, TELAMREZETEFOR L B2 LR
BlTlk, TIRAF v 7BOBBEPESNy FERVE,

BARIZEEM A°CTEE L sty v kLA b
FHIRI 5 ml (201U ~/%) >/ ml f13%) %, 800xg T
WakMREOLE, MEBIEBEELRELE B0



plasma was removed and discarded. An equal
volume of 3% dextran solution in balanced salt
solution* was added to the residual cells and
thoroughly mixed with a pipette. The samples
were allowed to stand at room temperature for
40 minutes, Samples which were cooled some-
times failed to sediment even after 90 minutes,
but no samples failed to sediment after 40
minutes at room temperature. The supernatant
was removed and centrifuged at 1,500xg for
10 minutes. After removing and discarding the
supernatant, 0.1 ml of distilled water was added
to the red blood cell-leukocyte pellet which
remained. The cells then were lysed by rapidly
freezing and thawing three times in 2 dry ice-
methanol bath. Sonication caused denaturation
and loss of CDA activity in samples of this size,
Lysis of red cells using 4.5 ml of distilled water
for 15 seconds followed by rapid addition of
1.5 ml of 0.6 M NaCl solution sometimes caused
some white cell lysis also, as demonstrated by a
decrease in CDA staining intensity. Samples in
which red and white cells were lysed together
were satisfactory electrophoretically and are
preferred. After lysis, the sample is centrifuged
for 10 minutes at 1,600x g and the supernatant
applied to the gel.

Electrophoresis and Staining!34

The Connaught starch (Connaught Laboratories,
Toronto, Canada) used in this procedure must be
fresh and kept in a cold room. Gel made from
old starch is mechanically weak and does not
give satisfactory results.

Starch gel is prepared by thoroughly mixing
30.0 g of the starch, 26.0 g of Electrostarch
(Hiller, Madison, WI, USA), and 500 ml of
0.005 M Histidine-HCl buffer adjusted to pH
6.70 with 1 N NaOIH. The starch is left to
settle. After approximately 1 hour, the buffer is
decanted and replaced with an equivalent volume
of fresh buffer, pH 6.70. The starch is now
ready for boiling.

The bridge buffers were 0.02 M citric acid
adjusted to pH 6.2 with 1 N NaOH for the
cathode electrode and adjusted to pH 6.9 with
1 N NaOH for the anode electrode. Vertical

RERF TR 2-80

MBI SER RS 3% TXA LT DBEER”
EML, ¥y bTHRAERES. BBREERT
05 BHELA, BHLARFXEINT0FER
LTLHBLAVWI LD o, ERTOTHRE
LB e it g gLz, EEEBELLS00xg
TG EEL L 2. FEOBRERCEER, 0.1ml
DIEBAKR LT > R — QML y PITIIZ 2.
KATZOMmEEY, F3{ 74225 /—MEQOHRT
SRS WHERCHEZIERVELTEMLE LA,
IORBREORKRTE, BEELRIIL-TCDAD
FHPLEEET 42604, FMLKE245m D
AR TIGHEEML %%, 0.6M NaCl ###1.5ml
RECHICHIARICEAMRO—HEBEML /.
INZLIE CDARBOESGOH P THRATE 5.
FRIMER & QUL ER AT 120 T & A iE S, BERRH
DEZLHRETH--OT, 20O &7 MK E
Lv. BmEICHEE1,600xg TOHHELOL LES
P OERICAV 5.

TRARBEUREE 1734

ZHETHV 3 Connaught & ¥y (Canada, Toronto T
Connaught TR AT) 13, L4 boTalbhiEae s
o, BRETRFTILEFHL. HVWERT
g4 nit, BEMIIHEL, BELRAFELGL

T,

By nir, #¥E30.0g, Electrostarch (HME,
Wisconsin |, Madison i, Hiller #)26.0g, RU
I1NNaOH i k> T pHG6.70ICFEL 720,006 M
Histidine-HCl S8 & ¥ 500ml 2 AL TIES. BN
MBS AECHREL, H 1N, coBEHEs
BEL, pH6. 700 EROMEE L BEMEMIEL 5.
ZHhTEBMEERICHET S,

T oy VB EE, 02MZ Ly EBTCERE IN
NaOH 12> T pH 6. 21288 L, BEZELC < pH
6.OICHEE LA, 3.7V, ecn TIOEM, BEEAER

*Preparation of 3% Dextran Solution: Thirty grams of Dextran T500 (Pharmacia, MW~500,000} are added to
970 ml of bolanced salt solution. The mixture is stirred vigorously until all of the dextran has dissolved. The
solution is then filtered twice through a 1.0 em thick layer of activated charcoal. It is stored at +4° C.

Hr 3%FEAFTUEBOMER: F3 AP F ¥ T 500(Pharmacia, MW —500,000) 30 g % F# {t HHE K 970ml ~
Misd. FFEFALFUyHE2UIEBTIETHRBETS, K, ZoBENE, Bl 0mdiEtEREyELC2A

HBL, +4°CTIF¥ET 3.
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electrophoresis was carried out at 3.7 V/cm for
19 hours. A 34 cm gel was used in these
experiments.

Staining of CDA was carried out using a mixture
of cytidine, MTT (3+(4,5-dimethyl-2-thiazolyi)-2,
5-diphenyl-2H tetrazolium), and dithiothreitol
(DTT) in agar. This method of staining depends
upon the ability of DTT to reduce MTT non-
enzymatically when there is an increase in pH.
In this case, the pH rise is due to ammonia
production during the deamination of cytidine.

The use of various staining mixtures was attempt-
ed. Staining mixtures, as given in the literature,
were not satisfactory due to either intense
background staining or faint enzyme staining. In
all staining mixtures, 10 ml of 2% lonagar and
15 mg of cytidine in 9 ml of distilled H, O were
used. DTT was varied from 3 mg to 10 mg and
MTT was varied from 3 mg te 15 mg. The most
satisfactory staining was obtained by the
following method: 10 ml of 2% lonagar was
heated until the agar dissolved. Heating was
discontinued and 15 mg of cytidine in 9 ml of
H,O was then added with swirling. Immediate-
ly, 8 mg of DTT (0.8 ml of 1% DTT) was added,
quickly followed by 9 mg of MTT (1.8 ml of
0.5% MTT). The solution was swirled and
allowed to cool to approximately 45°C, then
poured over the sliced gel. The staining dish was
then covered and, after solidification of the agar,
incubated in the dark for 2 hours at 37°C.
Photographs were taken. A saran wrap underlay
was used for each gel, Observation indicated that
direct contact of tape with the staining mixture
increased background staining. The accuracy of
this observation was not evaluated.

Storage of Cell Extracts

Distilled water (0.1 mil) was added to the white
cell pellets obtained after lysing the red cells with
distilled water! and to the red cellleukocyte
pellets obtained directly from dexiran sedimenta-
tion. The samples were then stored for 2 days at
—4°C, Extracts from the pellets were obtained
by rapidly freezing and thawing the pellets
three times then centrifuging the mixture for
10 minutes at 1,600X g to remove insoluble cell
fragments from the solution. The supernatanis
were electrophoresed. As a control, fresh extract
from a person of known CDA phenotype was
applied to the gel along with stored samples
from the same individual.

HMET L
wi,

CHCOERIIEMmY VER

CDA #f 1k, cytidine, MTT{3-(4, 5-dimethyl-
2-thiazolyl) -2, 5-diphenyl-2H tetrazolium } % UF
dithiothreitel (DTT) OB AW+ /" XFTH L /.
ZOREET pH HIMA S 3E0 MTT & kB
BB SEAEANIIRTFELTVS. ZOHBED
pH EFAIE, eytidine 7 2 /LR ICETE T
STICHET A

BEROZBRBEEOMERE RS H, XEIBR
SNTWEEI) A RBHERAMHE, NvrFsorF
DRBHFB RN, BEOREAIPFL-20T3
R, WRALOTRES-2. REARATHIE
TT, 2% lonagar 10ml & cytidine 15mg % ZEEE /K
Im ITIEA LA H WA, DTT @12 3 —10mg,
MTT 123 —15ogD M TEATHA, mLME T
BB, KOFECLLTHINE TobE, 1
2 % lonagar 10m] #BWEAEM T2 E TN,
HAZMER% £ T eytidine 15mg% 9ml ORIZEDI L 7=

CbLOoEML, @BRCAhEEES, ELIC DTT 8me

(1% DTT 0.8ml) 202, BIZ#HLH 12 MTT Yng
{0.5% MTT1.8ml) M7= ZOEBELXHBIKC
HPEEFETHBCETHEL, AL ALEFLD
FlciEE R, BRellizias20, EXOERE,
ICCOMVERE I 28MR- 1%, BHBHEH
fibhiz, BN, Y707y 7T TIZBEVE,
BELALDA, 7 7L BEMES A TIREE
LEEEIE, Ny 2 739> POIRGEFBEML A,
ZOHEOEMEIZIOWTIEFEL £ Ao 1,

miEmHmoRE
BEARTHORZAMLABOAONKR~<L v b, 1
JIFFA 5 PIRBEN A SEES S R il sk —
BfiER~<L v bz, ZHHEA(C.Im) ML, Kot
IRLSOMEE —4°CT2HMEFELE. ZhS0
Ry b ESEMEEBEORMEL SEHEE L,
RIZEDBEFREL,600xg TLOFMELLT, BE
S THEEDDRE 2BRELT, Ly b>5
Wil ESA0b, EBIZOWTEREKS S To7.
HEELT, BB CDA ZREEEFT3E L8B4
WA IMEH LR~ AL 5 G REFEFE L1
R L A=



RESULTS

CDA Screening

At this point, the CDA phenotype of only 18
persons has been determined. The results were
as follows: s
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= R

CODARZU—Z 245

HE CDA ZRESFER & RADEh T8N ¥
v, BRIROLENTH 7.

CDhA 1

CDA 1-2

CDA 2

12

1

. It is much too early to draw any conclusion, but
CDA 1 appears to be the most prevalent. A
satisfactory estimate of the aliele frequency is
not possible on the basis of these preliminary
studies.

Storage of Cell Extracts

Electrophoresis of stored white cell pellets
showed no activity, probably due to the lysis of
some white cells during the process of lysing
erythrocytes with distilled water,  Eleciro-
phoresis of stored red cell-lenkocyte pellet
extracts exhibited bands which were displaced
toward the anode. The strong staining of the
enzyme, although anodally displaced, indicated
that there was little or no loss of activity after
storage. This phenomenon which has been
observed in other enzyme systems will be
discussed.

DISCUSSION

CDA Screening

The screening of CDA can now be done routinely
on starch gel. Allele frequencies for the Japanese
population could be easily determined in a
few weeks.

The practicality of incorporating CDA into the
BGS program is questionable. The evaluation of
a single white cell enzyme would probably not
justify the costs involved.  Preparation of
leukocyte extracts is certainly more time
consuming than erythrocyte or plasma extracts.
If one or two other white cell systems, in
addition to CDA, could be screened, the
practicality of studying leukocyte enzymes
electrophoretically would greatly increase.

Storage of Cell Extracts

The anodal displacement of CDA after storage is
a phenomenon which has been noted in several
other enzyme systems.® Adenosine deaminase

HREL TSI VIR TELH, CDALIEED
BHEIRLSNILITHS. ChEOTFMEE
FoT, MUBEFEMHBIHET S L AT
TH5.

HlRmHBORE

HHEEAEZARKRALy FOBEREKMTEELEASF
Bhoshiaho7d, ThIIBRSL, #HBKIZLS
OO BELOBHRCEFOQMIRHIBML 72 28
LEbR S, BRESNARME—QMEE~<L v M
MO ERKE T, Ay FABEOFABML T
VADHAEDH LR, BEORBIBVOT, B
FINBEWML TwTh, REROBIENIZLA YR
SRFERL TV ILFRLA, WOBERTY
FOEMTWBRZORBICH>VLTIRERICHE~NSE,

£ %

CDAZZU—=>24

CDAZAZN -7k, BEDEES LTREBSL
EAWTIEIT L TES. BARAERICET S A
BEFOHER, BB TERIMRETE 5.

CDA A7 —=v 7% BGS #AEIZMA S5 LHAEH
MTHEIPEIPRIERTHS. 1A AMMREED
FHHIET SRR, B (TS TELVTH3 Y.
B RIS o, fnkenomdmo
fER & 0 LaFA 225, 4L CDA DEIIZ—2
ZOoRMBFRERA S~y T a0TAAE, Al
REZROBREKBRELTZ 2 WaER kW Ik
TB3THAS5.

a0 RE
RTF®RIZCDAFBEMABH T2 412, o
BorNBERTLAMLATYLS. S Adenosine
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(ADA) (3.5.4.4) is an enzyme which has been
well studied in this regard.® The principal
changes which occur after storage are: 1)
diminution in the relative staining intensities of
the slower isozymes, 2) an irfcrease in the
intensities of the faster isozymes, and 3)
appearance of extra isozymes anodal to the
usual components. These changes are progressive
with storage time and, in the case of ADA, are
similar in all three phenotypes. Further, enzyme
activity is not generally affected by the changes
which occur during storage.

Harris and Hopkinsons explain the phenomenon
as a reaction between the free sulphydryl groups
of certain cysteine residues on the isozyme and
oxidized glutathione, known to accumulate in
red cell lysates, to form a mixed disulfide:

deaminase (ADA) (3,5, 4,4)1, coETC+HIC
MESHATWIEETHS.Y FERIECIEES
iz, DVBBEORVT A VHFL LAOHMTRE
BEORELY, DBHNEORCT A v ARG
EEOBNM, RFINNOTA L LFBEORS
LOBRERIZIT{RPNS, 2ETHES. Ch50E(L
X, (RIFRERI & L1 ITL, ADA OBEE, =20
FHECHMLTESN S, FiI-—Mzk, BEEE
BEHRFPIIEC STz RBE s LY,

Harris & U Hopkinson 31%, ZORRE 74 V¥4 4L
DHDFEND Y AT 1 YEREOFEME SH Z (sulphydryl
groups ) & FRIERFEMBFE - ERT 2 22 FHWENRT
VBRI Sy FA Y ENRIGL VAT 4 FER
REMEEBRTILEHLTRE, T4bb,

Enz-SH + G-5-5-G = Enz-8-5-G + G-SH

The reaction increases the net negative charge on
the enzyme by one unit for each sulphydryl
group which participates in the reaction. They
also state that when sulphydryl reagents such as
mercaptoethanol or DTT are added to older
samples, isozyme patterns usually revert to those
seen with fresh samples. Thus, it would appear
that addition of DTT to fresh samples should
effectively protect against the progressive change
in the electrophoretic pattern. Unfortunately,
time did not permit this to be examined
experimentally. It is suggested that DTT be
incorporated into cell extracts as a 2.5 X 1072
M~5 X 10" M solution by adding 0.1 ml of
DTT solution to the red cell-lenkocyte pellet
rather than distilled water.®»®  This should
protect the enzyme and allow prolonged storage
of white cell extracts. Also, prolonged storage
should be carried out at —-70°C rather than —4°C
which was used for the preliminary studies.

Polyacrylamide Gel Electrophoresis

Resolution of enzymes using polyacrylamide
gel has generally been optimum using some of
the standard buffers and a pH of approximately
8.2-8.4. CDA, using the present staining
solution, would not be adaptable to poly-
acrylamide since the staining reaction would
proceed rapidly at this pH even in the absence
of engyme activity. An alternative staining
system, now being wused at The Galton
Laboratory, London University College, utilizes
glutamate dehydrogenase.”®?

R lzME+ 5 1 EY~-0n o SHELHEDRER
FIHEAWMIMEE 3. §E513% /%, mercaptoethanol
X DITO&I & SHEREE HoBREICML L
B, BEoSy -y EFRMELREFETR NS
LOUIRAEUBNTVAE., LidoT, WL HF
IZDTT%#Mzx3 &, ERFHOIy—1EHETS
BEZ LS RBNIFEBINILITHS. BE
BHESIhEERT AR~ DTT 2#li
Mz 2.5X10 3 M ~ 5 X107 IMEHE & LT
1328, thhb, RIK—AMIBR<L y P2
FAOKHYIZ0Im ODTT HEMEZZZ L LR E
T5.85 Zhicky, BELEEL, Qmkah
WMoOBMEFER TS 5. -, BREER, F
fiAECH L —4"CTLL, —FCTERBTNE
Th5.

FUTFIULT IR FRERTXE
RYTZNVNT - S NLEO > OBENEETE
pH#8.2— 8. 4THALABA, BEOKELIsF
UhEBIEATHS, BiTOREHEAVISHE,
oD EEETEA 2 BETLI0 pH CIRRH
ETT50T, CDPARARY 7207 3 FILHEG
Ladok., 2hIIRAZBPEFHELLTE, EE
London University College @ Galton Laboratory T
HOShTway sy 3 vERKESZELHuAELD
Ap B, T80



Briefly, the method depends upon the ability of
CDA to produce ammonia which triggers the
glutamate dehydrogenase reaction in the presence
of alpha ketoglutarate and reduced nicotinamide-
adenine dinucleotide (NADH). Areas of NADH
conversion to NAD are seen as defluorescent
zones under ultraviolet light.

Using this staining method and buffers in the pH
range of 8.2-8.4, CDA should be demonstrable
using polyacrylamide gel. The gel would, of
course, need to be flushed free of ammonia
residues before electrophoresis.
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WHImHEHT 2 &, ZoHFER, CDAOTYE27T
BEETARMNINEL, FOTVYETRTNT 7 -
FAYINE - NBRUZIFTIF - TF=
VXZLAFIELE (NADH) D 2850y
IVERAHEMERIG S MM &¢ 5. NADH # 5
NAD ~iRfoE Rz, HMETOL LT, B
HREOEHTEH 5.

ZOREEEU pH (A 8.2— 8. 412 B 1 3B %
BAuvhid, RY77YLT7IF-4Nick-7 CDA A
HMMTE23FTHa. b AA, BRIKMOMIC
FLFDT yEZTEEVWVHRLTHELENS S,
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