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ABSTRACT

Dihydrofolate reductase activity of partially purified enzyme,
by protamine sulfate precipitation, from human cancerous tissues of
gastro-intestinal tract (such as rectum, colon, stomach), kidney, lung
and breast was determined by spectrophotometric assay. It was observed
that all of cancerous tissues contain high level of dihydrofolate
reductase compared to the same enzyme, which could not be detected in
almost all of the normal tissues. The methotfexaté titration assay
was used to measure the enzyme concentration in kidney and stomach

cancers. It was found that human cancerous tissues of kidney and

12 13

and 3.34 x 10~
14

stomach contain dihydrofolate reductase 1.29 x 10
mole/gm. tissue , respectively, or equel to 5.09 x 10" and 1.07 x
10_10 mole/mg. protein,respectively. The turnover number of dihydro-
folate reductase from cancerous tissues of kidney and stomach compared
to rat liver enzyme were 36,345, 15,421, and 5,154,respectively. The
enzyme inhibition by methotrexate was also studied. The concentrations
of methotrexate required for 50% inhibition (ISU) to the enzyme from

12 12

kidney and stomach cancers were 9.68 x 100" “ M and 9.00 x 10 " ° M,

respectively. The I, value observed in rat liver enzyme was 7.13 x
10_10“M. The results suggested that dihydrofolate reductase activity

of human cancerous tissues were higher and the enzyme was more sensi-

tive to be inhibited by methotrexate than the enzyme of rat liver.
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\Sudu)] dihydrofolate reductase (EC 1.5.1.3) tfhiSudeaimming
vivffisu3dnduras dihydrofolate n¥a folate lniflu tetrahydrofolate
wiauffuns 1fnoand indfuzey reduced nicotinamide adenine dinucleotide
phosphate (NADPH) vn%s reduced nicotinamide adenine dinucleotide (NADH)
1TJifu nicotinamide adenine dinicleotide phosphate (NADP) w3e nicoti-
namide adenine dinucleotide (NAD) w-uan#iu tetrahydrofolate (i cofector
fanfneey ISudmmanofiafl ilungevifun 198y 1as1znnsailingsa laun purine uaz
thyﬁidylate SRR A e e T R L glycine
uaz methionine finawnas tetrahydrofolate aan Wudun dihydrofolate
reductase la¥umwaulafinutuuan  oven iu Budedmaadnd 1y i aed
gwlanasgman iaduionanewlin (1,2) laun amethopterin wia methotrexate
(MTX) dvlavniinl saus Swmaneatla trimethoprim lowhiinlsafia fourvelauas

pyrimethamine louiinlsauniaisy  fusu

n1sfnwn dihydrofolate reductase aauasauenssnunlausminareuzie
vigndann (fatin Suazen raavevineseveldanay 9 ladnasfinunlaseasiuas
pasui@uesifudmianunavain q laun Streptococcus faeéium(3,4j Lactbba-
cillus casei (5,6) Diplococcus pneumoniae (7) Escherichia coli (8,9,10)
Ehrlich ascite cells(i1,12) (waauzi5vufin1feaura L1210 wewmy (murine
lymphoma LlZle (13,14) Sarcoma 180 cells [15) ﬁanﬁﬁﬂﬁwﬂuanf1 (calf
thymus) (16) suls (chicken liver) (17,18,19) #u¥a (bovine liver)
(20,21,22) #uny (porcine liver) (23) ﬁhua:ﬁﬁuwauwgﬁuﬁhs (mouse liver
and spleen) (24) ﬁuua:aﬁ1515ﬂﬂamﬂyﬂztnﬂ (guinea pig liver and intestine)

(25) «fumu



Mn1IANET dihydrofoiate reducatse 1uﬁnLn%ﬂﬂﬂ§1uuﬂ:me£hotrexate
fie Streptococcus faecium'wﬁﬂtﬁuﬂuﬁad 2 isozyme (26,27) dihydrofolate
reductase flusnlaain S_tfeptococcus faecium var duran strain A §fudoy
dvindaq1 mutant enzyme w32 isoenzyme 1I ﬂuwuiﬂﬂnjsiaﬁauﬁﬂu polyacryla-
mide gel electrophoresis lausumidndntlvindesn wild enzyme nia
isoenzyme I -&uiiu ifudeifnuauifiaaieffu dihydrofolate reductase fiwulu
CAt ! (strain) wavStreptococcus faecium var duran ATCC 8043 dvithuide
flasen13u1na881 methotrexate UazwuaA isoenzyme II duauif indauiiu
dihydrofolate reductase u waa¥mifesw1sa reduce wan folate 1aiau
Weaffu dihydrofolate nifu tetrahydrofbiate umn1s reduction wev
folate ifindhunodmsn 152w naa dihydrofolate wau isoenzyme I &m1sn
reduce tawnr dihydrofolate wwiniiuly reduce wan folate (26) uazludnnns
finwmilvlu i Streptococcus faecium strain finuen metho_trexafe Lot
wull 2 isozymeiSunifu Form I uar Form II (27)ﬂ1ﬁﬁnﬁﬂ1u:Laétobacillus
casei strain #inusn methotrexate wufegiiu 2 isozyme  iwuitu  Inda iy
Form I uaz Form II (30) luidfa strain fA1ugn methotrexate wav Escherichia
coli (RT 500):aﬂu11nuun15 2 isozyme Tas8lasunlansfane methotrexate
affinity colume (10) n19RuLI2eN 1Wathn 1n%a1e finlaonas iudmuudavnqelu
ﬂuwavﬁntn%wﬁTﬁLﬁunﬁ11§anﬁ§ﬁvLﬁuﬂuﬂlﬁuﬁufnﬁﬁﬁﬁvﬁ1ﬁ1ﬁLﬁuﬂhﬁﬁ1ﬁﬂuﬂadu1ﬂ
aundlu fefl lanaeddv iy (28) n1s idouudaveey iWaniInauen couti iy
AgntdviinnIngain ifuarwawasoveviulmusg lauasawasosslusns folate fiflag
FwnIn fuszivvey isoenzyme IT Inumnduluin insinuside (ioufiuwan _Wiid
#32 sensitive strain vevinn3  Henanfuffowualu iwaseaein in$ Escherichia
coli fifinfala¥aT-even bacteriophage 2z 1fudn) dihydrofolate reductase
gennfeundiiy 20 wuaz Suduifvraviifquautinatuonteaieiu (29) luivas

vovipafnuaawduiusaaie q fufflu methotrexate-resistant subline wev



Ehrlich ascite carcinoma wuldaussouzany dihydrofolate reductase uINN31
Uszuna 14 wnwevieas iinvewuilanasd (31) 1waa Az iiovvey mouse
~sarcoma 180 wuiluSunawev dihydrofolate reductase uantu e (uaa Lfiunisau
v methotrexate (32,33) %uiwaswev mouse leukemia 71z iduwnuanify
sziuway dihydrofolate reducatse uiwaaflniuon methotrexate fuuannalu

lwanuev parent strain (34,35)

Dihydrofolate reductase ﬁﬁhﬁﬁﬁuﬁﬂLn%ué:Lﬁaéwauﬁﬂ{wuéﬂﬂﬁﬁuﬁh
Ty anasgluauanszmaay 15,000-30,000 #aduduivunaviluneey ifudog (36) uaz
nsnhvoueav fudel  wuaad pH optimum usna1viuaglueay pH 4 sufie pH
UM 7 usauseinuazunaviluiva s budog qmauﬁﬁtnéﬁﬁuazéi turnover number
ﬁuuaﬂﬁﬁvﬁ1ﬂuﬂﬂu1sﬂwantﬁuﬂbﬂﬂlﬂﬁuuﬂ%uﬂgtﬁu moles 2av dihydrofolate

nidu tetrahydrofolate junff/mole wevidudn lasausaulalunisaed 1

lavanaausfigwe 1 Suden dihydrofolate reductase wawnasiiu
Budfo] mnevevein e 15vfa methotrexate uaz pimnuidelaun trimethoprim
Was pyrimethamine gonanuam Indgaulafinulasvasiviaoas iFonve v 1dudnt
atireun flamavnig iinlaagreindedena lnnasnay Sudeianveninanfl  Sereviu
Beaulaseasaenas LSoviheavnsaadlueey isudediivanntn tnslaun Escherichia
coli (10) Lactobacillus casei (6), Streptococcus faecium (4,37) Lag
Neisseria gonorrhoeae (57) fusu wazainigaadaslaun chicken liver (19)
porcine liver (23) bovine liver (22) uar murine L1210 lymphoma (14)

Wit n1s wWsu tisunas 15evdhesvninezdTululasudsiveey dihydrofolate reductase

. 1] . L L » :' - -
nunavay q Fenanlasusulilugl 1 a1sfnelaseastveey Budenlu e 1de

L e | 1] - d « CAE 'i. ﬁ a4
aavinand e luazan manisfnuealu iwasus i a3 e vannd isudauagusuuiniu e 1fie

soviganins (18)  uie (fesudy ifue e siutundneaann ez LiueYun siiwud

LBudgy



a3l 1 guand@uivediwwen dihydrofolate reductase 3 nunawmy q

UNANZDY

Uiy ana

Turnover number

2 pH optima
pDihydrofolate reductase (Molecular weight) moles/min/mole of enzyme
Escherichi coli B 17,300 (8) 600 + S0 (8)
strain MP1428 (equilibrium sedimentation) 6.5 (8) (MTX ~ titration)
MTX-resistant 16,810 (8)
(amino acid composition)

E. coli (RT 500)
MTX-resistant

isozyme I 7.0 (10) 1,800 (10)

isozyme II - (10) 126 (10)
Lactobacillus casei
MTX-resistant

isozyme 1 14,900 (5) 6.5 (5) 180 (5)

(gel filtration, electrophoresis, (molecular weight)
ultracentrifugation)
isozyme II 15,000 (30)
(electrophoresis)

Streptococcus faecium
MTX-resistant

isozyme I 20,000 (27) 6.5 (27) 6,000(27)

(equilibrium sedimentation)

(molecular weight)




a3l 1 quauifuavesivees dihydrofolate reductase sanunmawsiy 9 (%ia)

(electrophoresis)
17,731 (58)
(amino acid composition)

unavzay * UIN LY LANA ol optima ~ Turnover number
Dihydrofolate reductase (Molecular weight) moles/min/mole of enzyme
Streptococcus faecium var. i
durans strain A
MTX-resistant
isoenzyme I (wild type) 28,000 (26) 5.8 (26) 8,000 (26)
isoenzyme II(mutant type) (equilibrium sedimentation) (molecular weight)
20,000 (26) 5.8 (26) 900 (26)
(equilibrium sedimentation) (molecular weight)
Streptococcus faecium R. 6.7 (3) ad
- Neisseria gonorrhoeae 18,000 (58) 6.4 (58) 14;403 (58)

Bovine liver

22,100 (21)
(equilibrium sedimentation)
21,500 (21)
(amino acid composition)
22,500 (20)
(equilibrium sedimentation)

4.8,5.0,6.2
(21)

578 (20)
(MTX-titration)

LB R LMol DRy

P




a3l 1 quauiffuavadiveey dihydrofolate reductase adnunawdiy 9 (va)

unavway 2UN LU Lana i Uniima Turnover number
dihydrofolate reductase (Molecular Weight) Pt op moles/min/mole of enzyme

Mouse liver 20,000(24) 4.5-5.5 (24) 940 (24)

(gel filtration) (MTX-titration)
; 940 (24)

Mouse spleen 20,000 (24) 7.5-8.5 (24) A e
(gel filtration) .

L 1210 lymphoma 20,000 (13) 8.3 (13) 940 (24)

MTX-resistant (gel filtation) ) (MTX-titration)

Ehrlich ascites : 5.9,7.6 (11)

carcinoma 1




1

BL Val
PL Val
ML Val
CL Val
NG Met
EC
L
SF
SFil

1

SFyy
SFI

61
BL Pio

PL Pro
ML FPro

2

Arg
Arg
Arg
Arg
Leu

22

Leu
Leu
Leu
Lea
Met
Met
Leu
Leu
Leu

Ser
Ser
Ser
His

62

Glu
Glu
Glu

8

3 4 5 & 7 8 9% 10 11 12 13 14 15

Pro Leu Asn Cys Ile Val Ala Val Ser Gin Asn Met Gly
Pro Leu Asn Cys Ile Val Ala Val Ser Gln Asn Met Gly
Pro Leu Asn Cys Ile Val Ala Val Ser Gln Asn Met Gly
Ser Leu Asn Ser Ile Val Ala Val Cys Glm Asn Met Gly
Lys Ile Thr Ile Ile Ala Ala Cys Als Glu Asm Leu Cys
Met Ile Ser Leuw Ile Ala Ala Leu Al. Val Asp Arg Val

‘Thr Als Phe Leu Trp Ala Gln Asn Arg Asp Gly Leu
Met Fhe Ile Ser Met Trp Ala Glm Asp Lys Asn Gly Leu
Met Leu Ala Als Ile Trp Ala Gln Asp Glu Asn Gly Leu

23 24 15 26 27 28 23‘50.31!2!35435

Pro Trp Pro Pro Leu Arg Asn Glu Phe Gin Tyr Fhe Gln
Pro Trp Pro Pro Leu Arg Asn Glu Tyr Lys Tyr Phe Gln
Pro Trp Pro Pro Leu Arg Asn Glu Phe Lys Tyr Phe Gln
Pro Trp Pro Pro Leu Arg Asn Glu Tyr Lys Tyr Phe Gln
Pro Trp Mis Ile Pro Glu Asp Phe Ala Phe Phe Lys
Pro Trp Asn Leu Pro Ala Asp Leu Ala Trp Phe Lys
Pro Trp His Leu Pro Asp Asp Leu His Tyr Phe Arg

Pro Trp Arg Leu Pro Asn Asp Met Arpg
Pro Trp Arg Leu Pre Asn Asp Leu Lys

43 A4 45 46 47 48 4% 50 51 52
Val Glu Gly Lys Gln Asn Leu Val Ile Met

Val Glu Gly Lys Gln Asn Leu Val Ile Met
Val Glu €ly Lys Gln Asn Leu Val Ile Met

Val Glu Gly Lys Gln Asn Aln Vel Ile Met
Gly Lys Pro Val Ile Met

Asn Lys Pro Vel Ile Met
Gly Lys - Ile 'Met Val Val

Asp Lys Ile leu Val Met
Asn Thr Leu Val Met

63 64 65 66 67 68 63 70 71 72

Lys Asn Arg Pro Leu Lys Asp Arg Ile Asm
Lys Asn Arg Pro Leu Lys Asp Arg [le Asn
Lys Asn Arg Pro Leu Lys Asp Arg Ile Asn

CL Pro Glu Lys Asn Arg Pro Leu Lys Asp Arg Ile Asn

NG FPro
EC &ly
LC Pro
SFp6ly
SF; Gly

Bl

BL Glu
Pl Glu
ML Glu
(L Glu
NG Tyr
EC Thr
L. Tyr
5Fy ;I‘he

I
im

Bl Glu
PL' Glu
ML Glu
€L Asp
NG Ala
BC Gly
LC Lys
SFyqLys
s 11

izl

BL Tyr
PL Tyr
ML Tyr
CL Tyr
NG Tyr
EC Tyr
SF 1 Phe
SF L]
sr{l

141

BL Glu
PL Glu
ML Glu
CL Gl
NG Ser
EC Gln
LG Ser
b T
s:-{l

BL

PL

ML

CL

NG Ala
EC Val
1 Val
SF,Val
SF:I

173

BL Llys
PL Lys
ML Asp
CL Asp
NG Lys
EC

a2

Pro
Pro
Pro
Ala
Cys
Asp
Gin
Lys

102

Asp
GlIn
Gln
Ser
Gly
Asp
Gln
Asp

122

Lys
Lys
Glu
Lys
Gly
Glu
Thr
Gin

142

Fhe
Pho
The
Phe
Val
Val
Phe
Phe

Glu
Phe
Ser
Glu

174

Gly
Gly
Gly
Gly
Gly

Lys Pro Leu Pro Gly Arg Arg Asn
Arg Pro Leun Pro Gly Arg Lys Asn
Lys Arg Pro Leu Pro Glu Arg Thr Asn
Lys Ser Leu Pro Tyr Arg His Ile

Leu
(ys)  (Arg)Pro Leu (Pro)

83 B84 85 86 B7 B8 B9 90 91 92

Pro Lys Gly Ala His Phe Leu Ala lys Ser
Pro Gin Gly Ala His Fhe Leu Als Lys Ser
Pro Arg Gly Alas His Phe Leu Als Lys Ser
Pro Lys Gly Ala His Tyr Leu Ser Lys Ber
Ala Ala Gly Ala Glu Thr Val Als Sec

Asp Arg Val The Tep Val Lys Ser
Ala Gin Gly Ala Val Val Val His Asp
Val Glu Lys Asn Ala Glu Val Leu His Ser

103 104 105 106 107 108 109 110 111 112

Pro Giu Leu Thr Asn lys Val Asp Val Val
Pro Glu Leu Lys Asp Lys Val Asp Met Val

Pro Glu Lew Ala Ser Lys Val Asp Met Val
Pro Glu Lew Lys Ser lys Val Asp Met Val
Ala Glu Ala Val 1le Mot
Val Pro Glu Ile Met
His Leu Asp Gln Glu Leu
ile Pro Glu Asp lle

123 124 125 126 127 128 129 130 131 132

Glu Ala Met Asn Lys Pro Gly His Val Arg
Glu Ala Met Asn Lys Pro Gly His Tle Arg
Gln Ala Met Asn Glu Pro Gly flis Leu Arg:
Ala Ala Met Glu Lys Fro Ile Asn His Arg
Gin Ala Met Pro Leu Ala Thr Asp
Gln Fhe Leu Pro Lys Alm Gin Lys
Ala Phe Lys Asp Asp ¥al Asp Thr

Ala Leu Leu Pro Glu Thr Lys [le
143 144 145 146 147 148 149 150 151
Glu Ser Asp Ala Phe Phe Pro Glu [le
Glu Ser Asp Thr Phe Phe Pro Glu Ile
Glu Ser Asp Thr Phe Fhe Pro Gtilu Ile
Glu Ser Asp Thr Phe Fhe Fro Giun Ile
Glu Gly Asp Ala Phe Fhe Pro Glu lle
Glu Gly Asp.‘Thr His Fhe Pro Asp Tyr

Glu Gly Asp Thr Lys Met Ile Pro Leu
Glu Gly Asp Thr Phe Ile Gly Glu Ile

156 157 158 159 160 161 162 163 164 165

Tyr Lys Leu Leu Pro Glu Tyr Pro Gly Val
Tyr Lys Leu Leu Ser Glu Cys Ser Gly Val
Tyr Lys Leu teu Pro Glu Tyr Pro Gly Val
Phe Lys leu Leu Thr Glu Tyr Fro Gly Val
Arg: Thr Glu
Sor Glu Phe His Asp Ala
Ser Arg: Thr Val Glu Asp
Glu His Glu Gly Ile

175 176 177 178 179 180 181 182 183 184

Ile Lys Tyt Lys Phe Glu Val Tyr Glu Lys
Ile Lys Tyr Lys Phe Glu Val Tyr Glu Lys
Ile Lys Tyr Lys Phe Giu Val Tyr Glu Lys
fle Gin Tyr Lys Phe Glu Val -Tyr Gln Lys
val Ala Tyr Thr Phe Val His Tyr Leu Gly

His Ser Tyr Cys Phe Glu Ile Leu Glu Arg:

Leu Thr His Thr Tyr Glu Vel Trp Gln Lys

ic
SFyyPro His Arg Phe Gln Lys Trp Gin Lys Met Ber Lys

SF; Ala

His

Gin Phe Giu Thr Tyr Gln Arg

Phe
Phe

53

Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly

73

1le
Ile
Ile
Iie
lie
Ile
Val
1le

93

Phe Arg
Phe Lys

54 55

Arg Lys
Arg Lys
Arg Lys

16 17 18

1le Gly Lys
Ile Gly Lys
Ile Gly Lys
Ile Gly Lys
Ile Gly Ala
Ile Gly Met
Ile Gly Lys
Ile Gly Lys
Ile Gly Lys

3% 37 38

Arg Met Thr
Arg Met Thr
Arg Met Thr
Arg Met Thr
Val Tyr Thr
Arg Asn Thr
Ala Gln Thr
Glu His Thr
Gin Met Thr

56 57 58
Thr Trp Phe

Thr Trp Phe
Thr Trp Fhe

18

Asn
Asn
Asn
Asp
Gly
Glu
Asp
Asp
Glu

Thr
The
Thr
Ser
Lau
Leu
Val
Het
Glo

59
Ser

Ser
Ser

Lys Lys Thr Trp Phe Ser
Arg Lys Thr Trp Glu Ser
Arg His Thr Trp Glu Ser

Arg Arg

20

Gly
Gly
Gly
Gly

Asn
Gly
Gly
Asp

40

VYal

Thr

Ala
60

1le
Ile
1ie
Ile
Leu
I1le
Phe

Arg Lys Thr Tyr Glu Gly Met
Arg Lys Thr Phe Glu Gl): Met

74 7% 76 7?7 78 T8 BO

Val Leuw Ser Arg Glu Leu

Wal Leu
Val Leu
Val Leu
Val Ile
Ile Leu
Val Leu
Val Leuw

Ser Arg Glu
Ser Arg Glu
Ser Arg Glu
Ser Arg Gin
Ser Ser Gln

Thr His Gin
Th

r Thr Gln

Leu
Leu
Leu
Ala
Fro
Glu
Lys

94 95 96 97 98 9B

Leu Asp Aps Alr Len Glu Leu
Leu Asp Asp Als Leu Lys Leu
leu Asp Asp Ala Leu Arg Leu
Leu Asp Asp Ala Leu Ala Leu
Leu Glu Yal Als Lea Ala Leu
Asp Glu Ala Ile Als Ala
Val Ala Ala Val Phe Ala Tyr
1le Asp Glu Leu Leu Ala Tyr Ala

Va

113

Trp
Trp
Trp
Trp

Val
Val
Tyr

133

Ley
Leu
Leu
Leu
Leu
Lew
Leu
1le

152

Asp
Asp
Asp
Asp
Asp
Glu
Asn
Asp

i66

Pro

"

114 115 116117 118 119

Tie Val Gly Gly Ser Ser
I1e Val Gly Gly Ser Ser Val
1le Val Gly Giy Ser Ser Val
1le Val Gly Gly The Ala

Gly Gly Ala
Ile Gly Gly Gly
Ile Aln Gly Gly Ala Gln
Val Ser Gly Gly Ser Arg

Gln
Arg

134 135 136 137 138 139

Lys
Lys
Lys
Lys
Asp
Gly
hsp
Asp

100

1le
The
Ile
Lew
Cys

Cys
Aln

120
Yal

Vol
Ile
Val
Ile
Ile

140

FPhe Val Thr Arg Ile Met Gln
Phe Val Thr Arg Ile Met
Phe Val Thr Arg Ile Met

Phe Val

Thr Arg lle

Leu

Arg Tle Thr Glu Val Asp

Tyr Leu

Thr His Ile

Leu Val Thr Arg leu
Trp Arg Thr Lea Ile

153 154
Phe Giu
Leu Glu
Leu Gly

Lys
Ag Thr

His Trp Arg

Asp
Ala
Asp

155

Lys
Lys
Lys
Asp
Glu

Pro Asp Asp Trp Glu Ser
Trp Asp Asp Phe Thr lys
‘Phe Thr Ser Phe Glu Leu

167 168 169 170 171 172

Leu Asp Val Gin Glu Glu
Pro Ser Asp Val Gln Glu Glu
Leu Ser Glu val Gln Glu Glu
Pro Ala Asp Ile GIn Glu Glu
Arg Arg Val Ser Ser
Asp Ala Gin Asn Ser

¥al Asn Gln Giu

Thr Asn Pro
Asn Gln

Ala
Tyr

(Met)Asp Glu Lys Asn Pro Tyr

185

186

Asn Asn
Asn Asn

Lys
Ser

Lys

Arg
Lys
Val
Lys

Asp
Val Leu

Ala
Val
Arg Lys

Ala Gin

Lys
Gln
His
Leu
Ala
Gly
Alm



n13fnun L Sudaasusnanseey dihydrofolate feductase 1adnqsfine
lu S. faecium (3,27) E. coli (8) n1sftnw1ifudeiann E. coli B (strain.
MP 1428)wusafinn uawisneandlad NADPH 19 152n71 NADH 6y 5.1 i1 uas
lummunfisdaa folic acid fnasfnun iudedluwaadeilaun chicken liver (38)
calf thymus (16)uazainwasusiSv Ehrlich ascite carcinoma (11) nAs
ﬁnﬁﬂLﬁuﬁuﬁaauﬁﬂawéﬂavLﬁﬁﬂuﬁﬂﬂnunéwﬁﬂv 9 wudan Km A q fusieillasausau

12%upsqvft 2

s iuwlellaeda 9 lufawan organic mercurials #vaziiuane
sulfhydryl group lulasvasivlusfiuzavifududlaun p-chloromercuribenzoate
(PMB)  f516N U2 ININATTNANINTDY dihydrofolate reductase w8y S. faecium (3)
¥ phenylmercuric acetate uaz PMB wu{;ﬁﬂunﬂsmﬁuﬁuwaw isoenzyme I 28y
S. faecium (26) um Buduniflugnuiuaie methylmefcuric bromide w%2
methylmercuric iodide uwnzfl isoenzyme IT lugnniusiesns mercurials
Funandenun uﬁﬂ:nnﬁﬁuTnu urea (26)@ (ugsiduans hydrogen bonding «ev
Tasvasvlusfuluansil urea Gnwansqu ifintause dihydrofolate reductase
isozyme I a1n L. casei (5)wa2av organic mercurials ﬁa.dihydrofolate
reductase waviwaadaddsruvniilunszqu dihydrofolate reductase wavw
Ehrlich ascite cells(12) waz murine L1210 lymphoma w2av mouse liver uaz
spleen (24) nﬁzﬁutﬂhﬂuﬁnﬁauﬁﬂ guinea pig liver uar small intestine (25)
dutaviulalay EDTA Tuwnsfluiwurinszquidudedannines E. coli (29) fiwumy
ponlufie dihydrofolate reductase a1n bovine liver azganumneu PMB 37u
fius19Wan mercuric chloride uaz ethylmercuribromide(21) Frwaniiniln
Taseaitvwevlusfu ogulaun urea uaz quanidine HCl fisuviuainisnszsu
dihydrofolate reductase [0 waadwa laun Ehrlich ascites (12) murine
L1210 lymphoma (13) chicken liver (39) mouse liver ua: spleen (24)

guinea pig liver uar small intestine (25) #u methyl mercuribromidely

- rRE . . . n
n1:quL5uﬁuuﬁmqa1n mouse liver uar spleen (24) uamz guinea pig liver



arsed 2

Sudfudeauanansuny dihydrofolate reductase anunavaINy ¢

, A1 Km sn substrate
Unavuay
Dihydrofolate weducrase Folate Dihydrofolate NADPH NADH
. -5 LB
Proteus vulgaris 2.4 x 10 "M (40) | 2.8 x 10 "M (40)
Escherichia coli Strain MP 1428 26 e LB
| 0.44 x 107°M(8) |6.45 x 107°M(8) | 320 x 10™° M(8)
MTX-resistant
Escherichia Strain M 48-34 2.6 x 107°M (40) | 1.0 x 107°M (40)
Streptococcus faecium R. 4.0 x 10°% (3 | 4.6 x 107°M(3)
Streptococcus faecium 6 _5
7 x10°° M (27) |2 x 1077 M (27)
MTX-resistant
Staphylococcus aureus strain 209 2.0 x 107> M (40)| 1.8 x 107> M(40)
Neisseria gonorrhoeae 2 x 10~%M (58) 10 x 1078 M(58)
Chicken liver 4.4 x 1078 M (17) | 5.69 x 107%M(38)

Ehrlich ascite carcinoma
Murine L1210 lymphoma

MTX-resistant

7.4 x 10°% (1)

1,5 x 107° M(11)

6

1 x 10 M (13)

0.30 x 10 %M(45)

1.2 x 1079 'M(13)

1.36 x 10”%M(45)

01
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uar small intestine (25)

%13 antifolates laun 2,4-diaminopteridines uas 2,4-diaminopyri-
midines'ﬂnﬁuﬁuﬂLﬁnunﬁuﬁﬂﬁﬁmﬁa dihydrofolate reductase aﬁsnaﬂﬁﬁu{ﬂ
naLIuTIRe LSuduitaantn (¥ (40) waz iiudetann e iBeveudadlawn (Sudn
¥7n chicken liver (38,41) mouse livef,kidney uaxr spleen (24,42)
guinea pig liver uar small intestine (25) sheep liver (43) calf thymus
(16) bovine liver (20,21) uasifuffosinan waauz iivlaun hum#n leukemic
leukocytes (44) Ehrlich ascite carcinoma (11) uaz L1210 murine
leukemia (13,45) n1sfnsan1sniuuey methotrexate (MTX w32 amethopterin)
71 1BudulaIndunywuaananangey MTX (duiuy stoichiometric (42) wunsfiv
UgAsurnr i 1 iedulasssdeaursedulauuuunniu dudedla vy enzyme-
inhibitor complex duilaq dissociation constant ussu nuarvasfigIsazans
UfAsenday wnaurey ifudeey iiusuauuan e ifeuiuusunnwe varsmuded luuan
waftazy I thaman o Sudelladenun - Tasarswifegluififsurszagluguiduiy
Buduienun 3 nnasfinenlu Ehrlich ascite cells (11) wuaamsnauzes MTX
(tuwuu stoichiometric Tﬂ?ﬁ folate n3%a dihydrofolate ffu substrate
fl pH 5.9 wazfiwwurndnnsniuuey MTX szduiu tdudodlauunaznulausedl pH 5.9
uanmafl pH 7.6 manaueev ifuduizaiursoniimmielila Wenh¥asraviufie MTX

sanlaed8n13 dialysis lu folic acid (42) Eudenfaznfumiviulalng

nsfinen dihydrofolate reductase u @aiin 1wsin uun antifolate
w1 lu Weflaueafsziueey dihydrofolate reductase fudhuife 1Fuu oy
ﬁulﬁanﬁuﬁiaéaUﬁ ﬂsﬂngﬂ1sﬁtﬁuﬁwu1utﬁaﬁhLn?ﬁﬂuuﬂﬂaﬁuﬂﬁﬂiﬁuﬁ S. faecium
fiausn pyrimethamine, chlorguanide triazine, trimethoprim uas
amethopterin (MTX) wulin1s ey Budmiife dihydrofolate reductase uaz
thymidylate synthetase Wy 2-40 (i (46) uded iiu aﬁethopterin-
resistant strain wav Diplococcus pneumoniae wuilsefiuwev dihydrofolate

reductase gudiv 120 iniwevife wild type (7) \#fewav amethopterin-resistant
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mutant waw E;_coli wull sehuve 1S ududdaggunin et lanesn (8) usingnisa

tou eaffufivula wuiulu ez Se@iueruvefinlaunlu wad mouse sarcoma 180

wllnil 1u amethoptein-resistant sublines wulssffuasy dihydrofolate reductase
Wudu e wad funsauen (32,33) uizasway mouse leukemia L1210 wuidnns
\uszduues dihydrofolate reductase ifawaanugn (34,35) Tu MTX-

resistant subline %av Ehr;jch ascite‘ carcinoma wudsséiuiSuduy dihydro-

folate reductase (fisuanninitu 14 weavimulu was fuilanesn (31)

1Sudfoy dihydrofolate reductase #fnuluitlo (danv 9 2av¥nMAReY
wuﬁwa#ua:ﬁﬁLﬁuﬁhﬁqvqﬂ1uﬂgﬁ:Lnﬁ (guinea pig) #Aalusuuazla 1uﬂm=ﬂa11Qﬂu 
dudedfiiesunlulunszgn (bone marrow) aalaién (small intestine) uwaminu
(spleen) Tau385 insren ifisamuliluswasonsaany iBudollunanuiffe  (47) luiwsasuevey
nIzAndiazvawyne (rat) wudSudeifeglussiuniuinaunsnd tasio lalaeds
radiochemical assay wuffuszuna 15% waviwuludiu (48,49) luiwas leukocyte
awnfazlusmasansaany dihydrofolate reﬁuctase AT TIRTIINUL U
filatuauly acute leukemia (44) n1sfnualuwaa avanvevsuawyd indoaunn
anz 159lanla ¥ avian sarcoma a:viv weaus iSvuevauaviissiuzay dihydro-
folate reductase ifiudufiv 6 inr2ev iBududinulusuny (50) dﬁﬂﬂuﬂnﬁtﬁuﬁhﬁ
flusuawynudssaugelurvery 190 Yufl ifumsaueglunssn uazazaey q anav
qunseifennanuazauiviufl 20 nivanasanszdaglusziuaiign USﬂﬂgn1sﬁLﬁuf
Fwsanyle vu (foafude indoau (et e E.coli B aala¥a Togven phage
wia T5 wuil iSudey dihydrofolaté reductase (fiudu (29) n1sfnwluiraa
uz 1 Suwavauavauswsansanuand dihydrofolate reductase (51) ni1n A

~ - - i »~
wX¥vpavni1sigonamus 139 MTX lunis¥nenues LSewevauavaula

3 L] - ‘ L 1 - -
A8 lunyn s inmuamdvaindastntuns 159 MTX Tnun¥aamasasuan
¥, e L] -~ L] L]
Fwrsansaawuen MTX azavaglutuuazlalaurussrwuesdv 14 Fu  ualuswnsn

- ° - e L L4 u' L
arranuen a3 s ifofululanssgn b ladnuazyuwazd tasazneguiusy
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fiviud 14 wivinen MTX finqu (47) nﬁiﬁnﬂﬂ{ﬂ dihydrofolate reductase u
sundalavawmyaz inadaaulanentmuees MTX lauanaan iduduisnanladintmnln
ns¥uraven MTX #ududedlusundalatulsuiuns uazaauaguan tihitaamiuly
a¥uazduuazls  uasinnaIfneRau e Idudaianduuazat ld invawyaz Lnadanqu s
wo q fulunsgmiauaisen MTX (25) Taaffan 50% inhibition (ISO) Aty

3% 10" M uaz 2 x 10-5 M aniavu

lunrstnua Sefidqaussavn ifansranszfurev 1duden dihydrofolate
ruductase anaulalsans (Sefta¥uazany q Muuanludse walne  Foff iflo LBuuumae
- - = = " 1- o ﬂd
avnstrea s 15 MTX Tunis¥nwms iSeraveFuazaiv 9 InffusstvBaniiqe
e - - e . [ [ &
taviunis iuvlvendlulanauas lanfn idovensfweavanet ifinduunaulanz 5

aumsleaftlulanalaslues 1



Taquaridide

1. @598

Bromine water,Lithium sulfate, Phosphoric acid, Sodium molybdate,
Sodium tungstate, Copper sulfate, Sodium carbonate, Potassium dihydro-
gen ph05phate, dipotassium hydrogen phosphate, Hydrochloric acid,
Sodium hydroxide, Potassium hydroxide, Z—Mercaptoethanﬁl, S 3vronun L

uflp extra pure grade 91nuUS E. Merck Darmstadt, Geramany.

Folic acid, Protamine sulfate grade X, Reduced Nicotinamide
Adenine Dinucleotide Phosphate.(NADPH) type I, Trizma base

Sigma chemical Company, St. Louis, U.S.A.

Sodium dithionite, Potassium chloride, Ethylene diamine
tetracetate (EDTA) tununifhafln laboratory reagent grade annuiim May

and Baker Ltd. Dagenham, England

Sodium acetate fhwfin reagent grade sqnu3iwm Hopkin and Williams

Methotrexate (MTX) fuwfia laboratory chemical 3qn Ben Venue

Laboratories, Inc., Bedford, Ohio, U.S.A.

Sodium-potassium tartrate fuwfla reagent grade sanuitm Fluka-

Garantie, Buchs, Switzerland

2. a%avie

2.1 Spectrophotometer model UV. 240 wavu%¥n Shimadzu, Japan
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2.2 Polytron Kinematica GmbH, Switzerland

2.3 Rifrigerated centrifuge, Hitach, Japan

3. uwihawmaray

3.1 0.1 M Potassium phosphate buffer pH 6.8 & 0.1 mM EDTA

aratew EDTA 37.224 un. avluaisasaiowsuzay 1 M KH,PO,
51 ua, waz 1M KZHPO4 49 ya. wauln @ M USuUsuasseussu 1 8as  USu

pH 6.8 a2u 1 M KOH n3a 1 M phosphoric acid

3.2 0.1 M Sodium acetate buffer pH 5.9

arany sodium acetate 8.204 n¥u  lunandu USuusunsauasu

1 fn3 U pH 5.9 mau 1 M acetic acid

3.3 3.6 M Potassium chloride

ara1e potassium chloride 26.83 axulwindy  USuUsuansau

Asu 100 ua.

i

3.4 0.05 M Tris-HCl buffer pH 7.3

azans Trizma base 6.055 n¥ulutdndu  USuuSuassauasu 1 3as

USu pH 7.3 @aw 0.1 MHCI

3.5 1 M 2-mercaptoethanol

\#u 2-mercaptoethanol 7 ua. avlutnfulfuiuaassuasy

100 ua.

3.6 3 mM NADPH
arann NADPH 3 un. lusisazatoudifiu 4% wevw 0.05 M Tris-HC1

buffer pH 7.3 lua. wienlwnely 1%

032289
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3.7 Dihydrofclate (DHF) substrate

#17arate dihydrofolate i1mJuu’qn folic acid awiduav
Friedkin et al (52) #v#auUavainifuey Futterman (53) Aan2w LuBuYaY

d13aray dihydrofolate laulamn E. (340 nm) = 6,500 M'1 em~1 (49)

3.8 Methotrexate (MTX) inhibitor

W3gusEITasaiy MTX Truazats 0.01363 n¥u MTX Tu 1-2 van

1 N NaOHu#uuhauasuUduans 100 ua. ¥anau lousuwava1sazaity MIX laalean

E (257 nm) = 23,150 ML em~ (8)

4. A8%%u

4.1 nasifusiegty  shadv e iaun@laiuss unganaanuaund v

SW. A9 LﬂukﬁaLﬂaﬁ1ﬁﬁ1naﬁﬂ1=ﬁLnﬁanqnn11ﬁMQﬂ1ﬂw§ﬁﬂuﬁhﬁﬁﬁuqﬂﬁqun1n1u

1 #lun Taogafle e uuaudivil -20% Mufisundtazutwmessy

L] L4 - L4 -
Hreavifie tdens Livlafuauay tasasnanununfaoaas
- . - 1 e o 1 ]
SH. PAANNTE Uaz sW. 91939 Lauifufafiinfivanaulalsnuz Sv  whdle (deud

udndl —20% Muiidismesnatnsivnioauly AU ias i maaey

y . - = - e - o
4.2 n1sin¥ouidudod  uidle (Heffiavnimaseveanuafivla luhudeau

e 1fagoutnaviwwtwdvitmifnuazunay 1Bualusnsazate 0.1 M potassium
phoéphate buffer pH 6.8 7 0.1 mM EDTA Tauldsnsazaroii iiesusuans 2
- wnaswwwiin e e, ue e 1daln wwasusnaae 1n¥ey homogenizer (Polytron
Kinematica GnbH, Switzerland) wM 1 unfimsuswyu 6,000 3ou/uiflng
L2 aauaavar 30 Au?  luntguzuaihude  snaznou ffe ifleiunaz L8un
uslu refrigerated centrifuge 1 36,000 xg ui 30 uafi  uwiarsazainlaw
v lnudgnanunisanazneunsafanddauazTusfusuningeenaie 2% protamine

Ly voc et = o
sulfate U3uaws 0.2 1 gavansafin naulnizaffuiun q w20 ua (lannaznau
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wavysauauissueaunsnouluth laawznousaniu refrigerated centrifuge fl
36,000 xg utw 10 ufl  uwhErTazatulavevarsazin Ldududufne suauiBue LBu-

Yol A ivauvevTusthudazimaan e ide? insaznlauAtuey Lowry et al (54)

4.3 ﬁ&wnﬂauaﬂ11nu:ﬂautﬁuﬁaﬁ-(Enzyme Assay) Tusmrsarajouaw

UjA3u3uans 3 wa. Usznoumaw 0.1 M Sodium acetate buffer pH 5.9,
0.6 M KC1, 33 uM dihydrofolate, 50 uM NADPH uasiSuduy 200 ul t’fuﬂﬁﬁ’:m.
Muns B 1 Sudel  Aa enzyme activity Taa¥anasamna absorbance i 340 mm
1la NADPH 3fia¢ dihydrofolate la.ihu tetrahydrofolate waz NADP (55)
Tnsla 1nday Spectrophotometer (Shimadzu, model UV 24C ) Anufifsundt 37
Taulaan molar extinction coefficient 12,300 Mlcnl 4 340 o Tunas
Awan activity wavidudul (56) Aq 1 Unit activity e L Sudfnal vAuUy T

(SudeniSfaeg 1 nmole fud i/ ufi aelagn1aen93 tasnznunsgufl

4.4 n19%n9znlae Methotrexate Titration (Methotrexate

Titration Assay) nns titration wev dihydrofolate reductase aau
methotrexate (MTX) dvifusnsnu dudeddaausodulauwuuidly tagsvav iBudailan
1 Tuiangawew MTX azdufu 1 intaqawavLﬁuﬁhﬁﬂﬁiﬁﬁﬂu11ﬂ1hﬂ%uﬂmﬂ1ﬂuLﬁhﬁu
2av Eudolfauyadfiuainy igusugey MTX (11,27) a3 wstzmiilng tritrate

12 Taoluarsazatulfisen

Eudiinay MTX lugaveany auwudieus 0-2 x 107
3 ua, Useznousan 0.1 M sodium acetate buffer (pH 5.9), 0.6 M KCl

50 uM NADPH (§udfens 200 ul iuW11a=aﬂuﬂﬁﬁ%uﬂﬁﬂtﬁuﬂhﬁﬁu MTX 7 37% uw
3y waa¥v i SuURftualaenis iy dihydrofolate avlumsazateufisunaula

aqu 1o 33 uM dihydrofolate aaflanavwevidudun activity ufaufly MTX

WANMAA2 LN Tu Y LBudifisuyaatiu MTX tﬂadﬁﬁ%uﬁqnﬁﬂuTﬂuauuiﬁ (27)



Han1svAaav

1. awssouzwevdudun dihydrofolate reductase luifle ifanz 15y

AT INATBUNUS TAUZYDY LU dihydrofolate reductase luiffo flanz 159
wevaurlaniv q (USuu iftouitu ife idaunfetla Waamu lumiswd 3 uane activity
2av dihydrofolate reductase 2avifls ifaus (Svatnationing (rectum) (USwufiuu
tu o daung . wuan e deuz (Svaavnitmansd activity wew dihydrofolate
reductase uunzdl (e Wontfuvarsun@luswasansaany w3l 4 usaN activity
mav-dihydrofolaie reductase ﬂqﬂlﬁalﬂauzagvﬂavaﬁiiﬂﬁé (colon) wu21i enzyme
activity asiranulelusnsd fa doan lainaunfatuau 3 #eday  luswasansaany
Budel w13l 5 uaev activity wev Budeifinsaawulu e ifeus 5uuavnss iz
(stomach) Ugnu Winufuieuavifie iWaund 7 deurvlunu i dudenlu 6 ﬁ1ad1g #u
8n 1 Hedrewud enzyme activity Svdusurafiainanluifle Wouz 15y asedl 6
usay activity wav dihydrofolate reductase luiflaifous iSvuavln (kidney)
Nivaxf e Hounfiahuau 3'ﬁqéd1w1dﬂﬂuﬂsnﬂi1ﬁwuLﬁuﬁbﬂ A5l 7 udav
activity wav dihydrofolate reductase luiffaiflanz i5vuavien flung) wWisu-
iou iffe 1devevtentn® 3 #apdaw § 1 #edavfiwuand dihydrofolate reductase
activity luBurafaanan flaideus 1Souazsn 2 Medrveaialunu ifuded  atsavil 8
uan dihydrofolaté reductase activity Tuiffa (fanz (Svuevinun (breast) &
enzyme activity ssdrawula sandhedan 6 #heurvluncsd e idaund 2 fhaaa

luaunsansaawu activity waw dihydrofolate reductase Tau%8n1maned

2.  mMsnBuan 1Budny lngdf methotrexate titration

Frsasauuffi3unvav 18udusl dihydrofolate reductase #fu methotrexate

Tupann wuauszRuaae 9 e Feinmunly wenlmuffsoounu 3 wad waafv Sy
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\Wisu ey dihydrofolate reductase activity Tuiffe lous (Svuaz iffe idaunfiuavnitmans

: DHFR ACTIVITY
Sample Protein
ORGAN | DIAGNOSIS conc.,
No. (mg/ml) Activity/ml Specific Activity Activity/g. tissue
(n mole/min/ml) (n mole/min/mg protein) | (n mole/min/g. tissue)
RECTUM CAa 1 10.08 7.30 0.724 18.285
CA 2 9.24 3.70 0.400 8.768
CA 3 12.50 1,60 0.128 3.986
b !
N 1 7 .42 0 0 0
N 2 7.04 0 0 0
N % 9.35 0 0 0
N 4 11.00 0 0 0
N 5 9.00 0 0 0
N 6 11,00 0 0 0
N 7 15.25 0 0 0_
a CA = CARCINOMA

o
=
"

NORMAL TISSUE

6T



A15797 4 t§pu iley dihydrofolate reductase activity TutﬁbLﬁﬁuszﬁuazLﬁbndaﬂnﬁwawaﬁiﬁ1nd

. DHFR ACTIVITY
Sample Protein
ORGAN | DIAGNOSIS congc.
No. (ng/al) Activity/ml Specific Activity Activity/g. tissue
' (n mole/min/ml) (n mole/min/mg protein) (n mole/min/g. tissue)
a o

COLON CA 1 8.25 . T3 0.89 23.340

N°l o1 15.00 0 0

N 2 9.25 )

N 3 10.00 0 0 0

0z

a CA = CARCINOMA

b N = NORMAL TISSUE



a9 5 wWSpufivu dihydrofolate reductase activity luifle ifauz iSeuss e idaunBiuevnss inae

. R Protain DHFR ACTIVITY
ORGAN | DIAGNOSIS conc,
No.‘ (ng/ml) Activity/ml Specific Activity Activity/g. tissue
(n mole/min/ml) (n mole/min/mg protein) (n mole/min/g. tissue)
STOMACH g% b 'y 17.83 4,00 0.224 7.292
CA 2 21.78 : 3.60 0.165 5,195
N |1 22.50 0 0 0
N 2 22.50 0 0 0
N 3 18,00 0 0 0
N 4 23,51 0 0 0
N 5 12.03 0 0 0
N 6 9.56 0 0 0
N 7 10.34 1.30 0.126 2.694

1C

a CA CARCINOMA

o
=
1

NORMAL TISSUE
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19y flwy dihydrofolate reductase activity uifle oy i5vuaz 1ffo (ounfiuevis

DHFR ACTIVITY

Protein
Sample
ORGAN DIAGNOSIS conc.
No. (mg/m1) Activity/ml Specific Activity Activity/g. tissue
(n mole/min/ml) (n mole/min/mg protein) (n mole/min/g. tissue)
KIDNEY GAa 1 11.00 B 200 37 1.850 46,964
il 24.00 0
N 2 30.00
N 3 26,00 0 0
a CA = CARCINOMA
b. N = NORMAL TISSUE

[
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7

WSl dihydrofolate reductase activity uiffa ifeus (Svuas 1ffe (Haunfiwavien

i DHFR ACTIVITY
Sample Protein
ORGAN | DIAGNOSIS conc., -
No. (mg/m1) Activity/ml Specific Activity Activity/g. tissue
(n mole/min/m1) (n mole/min/mg protein) (n mole/min/g. tissue)

LUNG oAl 2 12.25 5.73 0.468 7.350

Nb 13.0 0 0 0

N 2 12.25 0 0 0

N 3 14.0 2,10 0,148 4.270
a CA = CARCINOMA

NORMAL TISSUE

%
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\WSnuflsu dihydrofolate reductase activity ‘uiffe ctous i5vuas (e (daunfiue i

_ Proteln DHFR ACTIVITY
Sample
ORGAN | DIAGNOSIS cone.
el (mg/l'l'll) ACtlvlty/ml Spec1f10 Activity Actl\,’lty/g, tissue
(n mole/min/ml) (n mole/min/mg protein) (n mole/min/g. tissue)
a
BREAST CA 1 11.00 3 5573 0.521 9.508
TUMOR 2 10.50 6.95 0.662 8.980
CA 3 9.00 3.66 0.407 7.978
CA 4 10,00 2.80 0.280 6.689
CA 5 7.25 3,05 0.421 _6.395
CA 6 13.50 3.48 0.257 6.179
N |1 17.50 0 0 0
N 2 13,00 0 0 0
a CA = CARCINOMA
b N = NORMAL TISSUE

vZ
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dﬁﬂ%ﬂﬁﬂﬁﬁﬂﬁuiﬁﬁauLﬁuﬁhﬂTﬂu;ﬂu substrate #a dihydrofolate usz¥aufii%un
#lasnnimasewwuan A1 wmauwey methotrexate ma Auded dihydrofolate
reductase flifinfhu dunuy stoichiometric inhibition (42) Tas 1 Twiafa

wav (Juduifl 1 binding site wav methotrexate ifa@uunsansznate activity
ffuma1u lWuuwey inhibitor #a methotrexate azlanswidunsviuiflauaavlalu
uit 2. waAvN1IMILTay methotrexate wa dihydrofolate reductase saniffafle

1 M Tuarw

 Fvvavla  lonaw lntugegafivou (Budosd mafu 1.935 x 107
_LﬁhiﬁﬁuﬁuﬂiﬁwﬁUﬁﬁanﬂTﬁuLﬁuﬁq1uLiﬂéﬂﬂﬂﬂt%ﬂﬂhﬁﬁuxéau q #efintmualy wh activity.
gav Buduind Wuduun Wounsivimenu wuauey L Sudedd RuduazlansaW L sunsain
Ausavl?lugud 3 qadfauuinuusutian ity 106.7 ul wavidudsifiauyaoiy MTX
1.935 x 10_11M Wowhmrauaamuafusunm s Sudes maHu 5.09 x 10'14 mole/mg

-12

protein w¥awmifu 1.29 x 10 mole/g tissue

- - - -
N3 4 usawnsaW methotrexate titration wavifudy dihydrofolate
- - i ) N - -
reductase ¥1n (e 1flanz (Svwovnszina:  usavnIMau LU ithiiuy stoichio-
- el - - [t "
metric inhibition lansawisumsy lwmr1u suauzew methotrexate nafiu

12.0 x 10°12

M ifuny wusuasfumh Uity iudend fuaau wuadiu ey 9
WA activity # 1 fnduun L TuunsWiuata21 LouTuees LAl Wud  yunalansa
wunseielaneaelilugud 5 Ayafauuunuusumaiu 160 ul (uSuiawes L Sudi

fawyastu 12.0 x 10712

M methotrexate asuanu3uiaway tiudedaan e ide
. -14 : ‘
U 15vwavnse twizasla mafiu 1.07 x 10 mole/mg proteinn¥e wmaifu

3.34 x 10713 mole/g tissue

31nN19nARev Lae 1WSeu (isu dihydrofolate reductase anndfuny W
A1snauwey methotrexate we dihydrofolate ifluuwuu stoichiometric inhibition
wu iuafude Weunsaweznaae activity fiuaanu iduzuvay methotrexate azla
A9 R s L vAnu SR q wav methotrexate 4y inhibitor funuadu
oyt Bued  wvlauaaelilugd 6 ArAdw uaugugeusy methotrexate

6.65 x 10710 M 14 \ffunaw 1Gusuavfiuey inhibitor wafAguaTay fiunaty



quit 2 n1smmvev dihydrofolate reductase an iffnifdonz 15vwevia e fiuaau 1tutuvey methotrexate +Hudfud

(4 units) titrate #u methotrexate @ fiuaru \ausuduatuahisu

9z



A A340/min
A

20 J(

12 +
2 i o I 1511 e S S ) ol AR IR e K=" 3
| :
1
|
]
]
:
4 1 :
i 1
| e ~12
: 150 = 9.68 x 10 M
L} *a
(l i L 4 L E ¥ A 3
T e (il ¥ T —y
0 ' 0.45 50109 1,35 1.8 2.0
| =11
Methotrexate (M x 10 ")

uid 2



1

jﬂﬁ 3 wauavw methotrexate 1.935 x 10~ : M w8 activity waw dihydrofolate reductase (ln)

~

Aqndauusnuuau wafutSunneey (Budey 106.7 ul (activity 20.37 nmole/min/ml) Hvauyaefiu

methotrexate

8¢



A A540/mm
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16 4~
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;ﬂﬁ 4 nimauwey dihydrofolate reductase aqn ifie llaus 15vwavnss vz
(o (Ruau wuauwey methotrexate Budfey (0.72 unit) titrate i

- - 1 o
methotrexate lua21w 1uuau tRuduniuatiu
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Activity (nmole/min/ml)

.,T
4 TL
3
2
1
0 R
24
12

Methotrexate (M x 10° %)

Uil 4
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32 M) me activity awaw dihydro-

Ju4 5 uauaw methotrexate (12 x 10~
folate reductase ﬁqaﬁﬂuuunuuauLﬁﬁﬁhﬂ%uﬂmLEuﬂuﬂ 160 ul (activity 3.6

nmole/min/ml) 31nnsz mnzdeauyaeou methotrexate
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Activity (nmole/min/ml)
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34

4uit 6 nrsnu dihydrofolate reductase 31n iffa iasfuny e fiuaau tauau
2y methotrexate  1Budmy (8.28 units) titrate HNu methotrexate luaau

LnYu Wuduntuaiiu



Activity (n mole/min/ml) 35
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300

200

100
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;uﬂ 7 wawavw methotrexate (6.65 x 10_10M) @8 activity aev
dihydrofolate reductase flyagfauuunuuay wmifuuSytnuey iSudey 27.5 ul

(activity 301 nmole/min/ml) aﬂnﬁuﬂudvﬁuqaﬁﬁu methotrexate



Activity (n mole/min/ml)

"T‘ 37
200 T-
150_‘"'
1004
50+
i -
1 rd
0 50 100 150
DHFR (ul)
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avsuvey iueifiu(don 9 nawd Woussnaavan activity fumanu iauduwe

Buded  waavl3lugud 7 Aelansw isunsedyadauuunuusuduluan L Sudnd iafu

27.5 ul suyseffu 6.65 x 10"% M methotrexate \fantnr®uan i Sulied dihydrofo-
late reductase 3nfunyazlamifiu 9.10 x ig~13 mole/mg protein n¥a iy

1.06 x 10710 mole/g tissue

AaMUBunauay activity wewidudud dihydrofolate reductase wev
ffe (Bouz 15veuevlauazass inazlne8 MIX titration uax33 spectrophotometry

aaafy  usaelalumisaedt 9

3. n1sfnun methotrexate inhibition wav dihydrofolate reductase 37n

e Wous 15vuov lauaznTs Ay

AT aa IR sy methotrexate guswasadulauufiuluana
wav i dudasd dihydrofolate reductase wuanfinduluuuui 1Sunan stoichiometric
inhibition iffa fuAr1u 1Wuduvay methotrexate azlann activity wovifudey
aNAY @138 Weunsansznae activity eevifudeifuaiiu igueuasy methotrexate
# Wudulansan wunsvivuanelalugud 2,4 usz 8 dviffluniwuves methotrexate

. 4 L . ! 3

70 1auday dihydrofolate reductase 20 iffe ieus 1fvasvla  uziSewavnszinaz

o - - ; J - N
waz ffe Womumy  auandu  Avnw uAuYey methotrexate fsauisoniy 50% wav

activity weviSulluy (Ig4) G Wiy 9.68 x 10722 M dely ifutiutiann e de

vz Swvavle 4 units Igy fAnwiafiu 9.00 x 10712 M\ dale Sutfeniaan e dous 1 v

0

wBNNTE Mz 0.72 unit wasdr it 7.13 x 10700 M Held iBudeiaantiuny

4 units wuRTNY

a1 I, ey methotrexate fvu 1wy dihydrofolate reductase 37N

- -
s (Houz 1Svovlauazuy (Sewaeniz nnzau  tUSeu fiouiu idudeiaan e (deunyla

ugas i lumnsaed 10



f1svfl 9

USunauay activity wevw dihydrofolate reductase luifleifauz i Svuazlusuny

Dihydrofolate Reductase

L

TISSUE MTX titration assay Spectrophotometric assay Turnover number
mole/min/
mole/g. tissue mo}e/ mole/min/ mole/min/ mole of enzyme
mg. protein g. tissue mg protein
i 4 -9
Kidney - (CA) 1.29 x 10712 5.00 x 10714 4.70 x 1078 1.85 x 10 36,345
= - = -10
Stomach (CA) 3,34 x 10723 1.07 x 10714 57190 % 10~ 1.65 x 10 15,421
Rat liver 1.06 x 10710 9,10 x 10713 5.48 x 107/ 4.69 x 107 5,154

CA = CARCINOMA

65
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jﬂﬁ 8 nisnuzay dihydrofolate reductase a4n iffe Lﬁammu ufe 1fin
A71Y euYuTey methotrexate 1Hudud (4 units) titrate #u methotrexate

Tuau wuau Wudustusidiu activity wevifudfuuanay 50% (I faaw

uueew methotrexate wafiu 7.13 x 10‘1O M

507
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Activity (nmole/min/ml1)

18

16

14

12

10

8
6 |
]
I
I
!
i
4 ;
'
]
I
1
|
]
'
2 ]
I
1
i
: 10
' \:{ISD_ =7.13 x 10l \::1 I
0 4.25 8.5 12,75 17.0

Methotrexate (M x 10_10)

U 8
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TaduTas T tan$sn maluiffe Jaus (Seuazlusuny

Wy Wlaual1u wuduaey methotrexate fiwny 50%  waw iSudus)

TISSUE

MTX required for 50% inhibition (I

50)

Kidney (CA)
Stomach (CA)

Rat liver

9.68 x 10712 Mt

9.00 x 10_12 M2

T e &
7.13 x 10 M

CA = CARCINOMA
1 9. 8uffuy 4 units

2 l7duday 0.7 unit
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4. n1sflnwann Turnover number wav dihydrofolate reductase 3n uffe uile

uz iSwwavlauasnsy azau

Turnover number ifua fusnvivaussousvav i Sudadfarunsa iufauahuau
mole wav substrate fa dihydrofolate Inifu product & tetrahydrofolate
e 1 uafl aae Buded 1 mole 37An1sNARENMAAT turnover number wuan
§udtusl dihydrofolate reducfase ﬁqnLﬁﬁtﬂﬂﬂ:t%ﬁﬂéﬁiﬁua:uzL%vﬁavn1znﬂﬂ:
flan wmiu 36,345 uas 15,421 aua4hdu o wSau Feuiu 5udfutan e e

umydedan mau 5,154 dvlausaslalusisaed 9



fF31sauazaqy

sussouzuev dihydrofolate reductase luiflaifauz 154

n13fnu 1 Budle dihydrofolate reductase luuffaidenz (Svusvaturznay
Wusmislaun wffamans (answdt 3) aaldlng (mnsaedl 4). LAZATE INITDINTT
NCRER L 5) wua iffa Heus 15e narifud Sudasd dihydrofolate reductase ay
Tussiuiay q My lueasfluffe iaundliaunsanstany activity wev idudusd
ae38n153 tnsendilefl  uenennlulie ideunduawnss mazeamas 1 ﬁ'zadﬂuﬂ'wuﬂ
tlﬁwvuﬁa glusziufiaunsonsrmulauafdssiufannaiwulu e daus LSevawnss imns
vavan e Lﬁaﬂnﬁﬁuﬁmwnamﬁu"lﬁﬁnémuqﬁﬁ mqv‘fﬂn"lﬁﬁnﬁsﬂ@ﬁwﬁwmﬂﬁn'ﬁﬂ
28\ Emm"i Futhe 1 fuTsendedanuliaunfivesnss imzamimdaly  Huers e ing
W8 fudel dihydrofolate reductase gudusussawula  umssvlsAdssiuaay
Ludideay 1ffa deunddnsranuAtedssaunana il e 1 feus 1 ferovnss iz Uszuna
2 w1 fefleu activity gav fuduinansuiifeida activity wéﬁ dihydrofolate
reductase fwuluiffe idanz (Sevuawnv Lﬁuaﬁﬂﬁﬂs:ﬁuuﬂﬂiwffu wetferaduffuszus
wownms Mnlsn 3 nnasfinaway Duch et al (50) wudnnaamalnifinuz (Seeevife
\Hosuewylas mfloauhane Avain sarcoma virus (ASV) *xfsz#uvev dihydrofo-

late reductase activity fuflu efnis fiulavevus (v Wuundu

n3finen activity wew Lﬁuﬁ’nﬁﬁmmﬁmﬂan:Léwma’l’mxﬂﬁ 9 laun 1a
(Arsndt 6) ven (a3 7) wazisouw (wasaed 8)  wuanffe ens 1Fwnutia
§ activity wav L%uﬁuﬁau"lmzﬁuﬁ\mﬁndmmwﬂu'lmu e 1dauz LSewev w6
drouy  wull iBudueglussAugelng (Auiusglugae 6-9 nmole/min/g tissue 1u

1 - -9
2nzlu e aundluswasansrany  luiffe iaus (Suwevilen 1 Frsurwnud iBudousy
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Tusziu @oruiwulu e euz (S aun  Tufle fevanin®d 1 #redrwwull (Sudedey
lussiunsramulaunegaelsid  wud Budedvesniafwulu o dans tSedszuan 2w
1u iffe Wauz (5wwevlansianu activity wew dihydrofolate reductase  Jaglu
szXugeige (a131vdl 6) s L FautuszAuney Ludadlu s Wdaus Sedu q Adnuiy

ynualuvas (fov idoun 3 #adrensaaluny LBudey 1ae

19 1refsnsvrunuiuuaiinluauly acute leukemia uazaula chronic
myelogenous leukemia wuanluizas ilin 18ana 1l dudey dihydrofolate reductase
aglussiuinsramula  Tusnefnsaeluwy iSududiuwas chronic lymphatic

leukemia v%a19aa \n @ane1aUnd (44)

- - L
3nn1sfnenuay Abelson et al (51) lasneviunisdiasiznain 1 #aniy
- - - - -
wavifle \faus (5vinquy (breast adenocarcinoma) wuf activity wevisude

14 ;! - wrp : e . e -
mole/min/mg protein az iula2q specific activity weviadudon

8y 3.5 x 10°
Az 159w lunistnwafefiiaagenaa fvffana idavandsnaamn Budedin
vdgnifumthefuareiulaonmesaviinarafeifuly ammonium sulfate Tun1sn® 1Budlex
Wusgd  nrafinen e (eus Sevevauavuavauwud activity weviSudel dihydro-
folate reductase lutBunagy (50,51) Tuwsazfunvaszluwy fudedd eelu e e
suavUndyavimila tfufiuas (58,59) uana Ny waaus (5vaavaumatnylad inaz L8
uaz traaus 159l il Tao (We la Yamanuullafinudsziuuey dihydrofolate reduc-
tase gu (50) n1s Rusussnuzwovifudul dihydrofolate reductase luiwaa

uz 15818 1iuwa tdavannas iy activity ﬂﬂvLﬂaéad1v11ﬂ¢§11un15a;5vn7nﬂ1ﬂ§§ﬂ

wazTusfiu (60,61) * snmstnwnfiaz viulasa e e fuus Sonufafiviu fawawud

activity wawiSudiud dihydrofolate reductase guniniwuluitiaideneviwadund

wauew methotrexate ma dihydrofolate reductase

s759u 18udesy dihydrofolate reductase #wilvAes methotrexate lagn

Lo o [ "u‘ e -
uﬁuﬂiﬂﬂdﬁvn510w11v1uﬁﬂqﬂu1un1s¥h3111ﬂu=tsﬁﬁa1Uﬂﬂﬂ11nﬁ§u-Lsﬁtaﬂuuua-
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uz 1$vvav in enun (62-64) methotrexate wu§1a1u11hﬁﬁnﬁ11wﬁvﬁuﬂavLﬁuﬂbﬂ
dihydrofolate reductase lausnvzludufu fududlassivudutnn  (Jadufiuaszd
#nsn1susneanuasuin (42) fn13¥unewmily lagazav methotrexate funthTuiana
wauiiudud  nasMauveven methotrexate watdudes iduwuuiifunan stoichiometric
inhibition (42) aanusngnsaruffinlnaursalysn methotrexate uwhnng
titrate wiU3uimwey Bududlu tissue extracts la (11) nnsfineniflale’s
methotrexate titration ¥annSutnwey \8uduy dihydrofolate reducfase Tu

12 mole/

o Waus 1Fvaavatuazlauaznss e wuanduduaa Suded wafu 1.29 x 107
g. tissue %32 5.09 x 10-14 mole fmg. proteinuaz 3.34 x 10“13 mole/g.

tissue n3a 1.07 x 12 mole/mg. protein s uah¥u n1smemey titrate 1me
WiuAa1u 1uguYey MTX wuaq activity wevifuderazasaylasdaauduius iuiduase
(3 2 uaz 4) aAdu anaueee MTX waffu 1.935 x 107 M use 12,0 x'1072 M
U1 titrate ﬁhnﬁiLﬁudﬁnﬁwLﬁﬁﬂbﬁﬁﬁnLﬁaLﬂﬂu:L%ﬁﬂaﬂlﬂua:nssLwﬂzﬂ1uaﬁﬁb e
nﬁﬁiﬂu}ﬁuiuﬂau;5uﬂuﬁﬁﬂuuaﬁﬁaﬁﬁhﬂ11nLﬁhiﬁﬂau MTX #le (iﬂ#_S wae 5) 97
ﬂﬂinwaavﬁiﬁwu5ﬁﬂﬁuﬁmﬁanLﬁuﬂuﬂ1utﬁﬂLﬁau:t%ﬁvauaﬁﬂdzﬁﬁﬂnuﬂﬁﬂﬁﬁﬂvﬁu wiail
a1sfuffiuszozoavnis iialsaduasasladnisdnuanald nﬁsﬁnvﬁ1uaﬁh1$ﬁhﬂq€utﬁu
nﬁua:ﬁﬂﬂjﬁﬁ?ﬂvn1nﬂ1aﬁaﬁua:Tﬂsﬁuﬁaanlaajwu51ﬁLﬁuﬁbﬁl dihydrofolate

reductase aglussfugeiauiiu (U 6,7 wazansaedl 9) snnasfinwwey Abelson

et al (5) anifedauz iSeusvanav e Mu 15uduadareglugay

~14_10713 mole MTX/mg protein dvazifiularlng ifuviiuaniilaainnisdnund

10 7'-10
L
Tuuz i Svravatuazlauaznsziniz (m3efl 9)  wazsanmrsvilezifulamisiiadnty
s - i - - W
wavlusfuravansazans tdudediann e 1feus (Sueevlnuazns inazivh Inudgmiaan

protamine sulfate axfUsunamay iBudstieg luahuaulng tAuvifu

A1 tSeu ifsuaussous Lae 1Budsy turnover number

n1sn1An turnover number weviduday dihydrofolate reductase a7n

; - - o | = &5 [
n15nY methotrexate titration ﬂavtguﬁbuﬁﬂnLﬂauuauzt1ﬂﬂav1m WRZUZ LSNYaN
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n52 1w1zdR iy 36,345 uar 15,421 mole/min/mole of enzyme suaWudiv
usae 1 lunnswed 9 wuaadeage e (flsufuan turnover number 2oV L Hudilu
Hunydudan wmdu 5,154 mole/min/mole of enzymeuaﬁ15ﬁaﬂaLﬁuauuziﬁaﬁLguﬂhﬂ
aav iffe e lu iwasuz Sefaussausgenirlunmivaunasdudves dliuwaursinnas
Wun15 133y Wulned1vsan LhueveYuasd iwfouuvaelu 1 fu rasuz L 5edednnsasae

nsnlnddauasTusfiugeasvain 5 (60,61) fuiav

nnuay methotrexate wa dihydrofolate reductase aan iffefaus(eany

Tauwrznse w1z

L L 3 %
nInARaNNIAINT IS0 lun1amau L 8udsy dihydrofolate reductase
- -y o |
aﬂnLﬁasﬁﬂuzL%ﬁﬂawiwua:ﬂavniztwﬂslmuﬁnv1w1ujﬁﬁ 2 usz 4 swadhdiu  AAau
' - - - L] L]
|wuuuay methotrexate Aauisenun sy 50% wev Budedfia wmaffu 9.68 x

-2

102 M uay 9.00 x 10712 M mwany (a3aedl 10)  paawswasantman Sudfed

Tnu methotrexate wfuu \luutusiunylauaavlalugud 8 wazasqed 10 I, wev

10

udnd lusfuny walu 7.13 x 100 M aansansnaseviugasan iiudedaan e de

3 T - -
vz 1fefarnulsentmaunig MIX lafinan idudulsnduny
{

ifovan methotrexate ifuunfifonld Wetiuduns ndguavuz Fmanuua
(64) uﬁuﬂﬁaLﬁﬁauﬁ:wﬁiﬁsﬁnéﬂnﬂsﬂwuﬂLﬁﬂﬂﬂsiﬁu3ﬂ4h1ﬁinutﬁntﬂav%ﬂﬂnﬂ1tﬂduu
uﬂavﬁnﬂﬁﬁ{utiﬂ;ﬁaé (65,66)  wanny iwdnuuavmsannisiueay (Sudiedfy MIX
(67-69) lafgnerewlanr MIX luwsuaagenan q ifens¥nunlan Wadenluwuin
§9 9 sztlaviuneriinnasnmen daduras (70,71) ua:ﬂj11§hﬁ1uﬂuﬂaauuﬂnLéuﬂ
Tadgneanutufinen feld leucovorin wazansdu q dhnniRuesRaLoRRng. (72<74)
e1nnsAnennfaefl iTun3Butid1u e ideus  SetummaneviiTms uves Budesd
dihydrofolate reductase uaz ifuduifiddnunluilfaideuz (Seuavlauaznszinizuey
aulanuradanulaaen1sgmiunioyn methotrexate #otfuntafiaslaun methotrexate

(antuns (Seuava¥oazaie q Aq15uduy dihydrofolate reductase JwUIIENIEMY

Tauad
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viA¥efhinaz ladnsfneae lusniens 1 ufife

1. sulufuseavszoznis finuz LSeiuuBunawey 15uduy dihydrofolate
reductase aznilnlaveyalunislosrinlanafidgaluszaslnvavnisiinlsn 0 luun

; = et
asszazuevlsadl activity wavidudauateiu

2. #nwans antimetabolites fu q fanadwaniunisvhviuwes dihydro-
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