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JOSEPH E. MURRAY, M.D. (Emeritus)
PROFESSOR OF SURGERY
CHIEF OF PLASTIC SURGERY:
Brigham & Women's Hospital
The Children's Hospiral

HARVARD MEDICAL SCHOOL

MAILING ADDRESS:
108 ABBOTT ROAD

TEL.: (617) 235-4356
Fax: (617) 235-2612

March 25, 1993

Chien-Ching Hsu, Chairman

Chung Shan Chyau Magazine

Chung Shan Medical & Dental College

Department of Medicine

6F, No. 6, Lane 58, Ta Chuan Street

Taichung, Taiwan R.Q.C. +

Dear Dr. Hsu:

Dr. Murray is in receipt of your letter of March 4. As Dr. Murray is traveling at the present time,
he asked that I get back to you.

Dr. Murray's busy schedule makes it impossible for him to commit the time to write an article for
your magazine at the present time; however, he asked that I send you reprints of his Nobel lecture
and an article he wrote which appeared in the journal Science in June 1992. I am also enclosing
an 8 x 10 black and white photo for your use.

With very best wishes.
Sincerely,

. Vasseese

Julia M. Varriale (Mrs.)
Personal Secretary to
Joseph E. Mutray, M.D.

Enclosures (3)

WELLESLEY HILLS, MA 02181
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Chien-Ching Hsu

Chairman of the Chung Shan Chyau magazine
6F, No 6, Lane 58, Ta Chuan Street
Taichung Taiwan

Republic of China

Dear Dr. Hsu:

Thank you for your kind letter of March 4 requesting an article for
your magazine. Unfortunately, I have a very heavy travel schedule
as well as a number of other professional commitments so do not
have time to write an article at this time. T am enclosing a copy

of my talk at the Nobel Prize celebration in Stockholm,

It also

includes some biographical information. If you write to the Nobel

Foundation, Bex 5232, 5-10245
get permission to print part or all of jit.

I hope that this will meet your needs,

Sincerely yours,

. LW g
L - (=
e bt /(/(G-'hr.\/d‘
E. Donnall Thomas, M.D.
Professor of Medicine, Emeritus, Uw
Member, FHCRC
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RIEIE - BT EREFEBENEH - MLFE
HHE A FBEBTEH & DL _EAYIE S 0 {(E/RBHRE
#h oo — ELFBHETR (E NREME &Y o BEAR MTX Y {F
FITENI T B 126 o {5 e M5 5 47 69 % & Y
i s Schwaryt and Dameshek () # H T 6-
mercaptopurine HJ % J%& ] 5l #% &4  Hitchings
#0 Elion # B2 & Immuran + Santos ] Owens [
4 1E 7% 4 5 1l {3 A3 cyclophosphamide fi %2 4]
FIHIGY o FlfL » cyclosporine i AE B £ &8 H
il A ET » Cyclosporine & #A 7E & a2 1
N B IR BB S R V2 B e MTX &F » #8 T
%5 B fEl 9 MTX fi0 £ 75 f@l A 89 cyclosporine  EE
HAFEH B3 B R BB AR IR EE 00w - 181
GVHD H g E#95% A 7 LU & H corticosteroid
TR B AR EI ) o T-cell #9354 BE 24 % & GVHD
ROE A2 > (BANEIN T AR KRB 2 B
B G @ - IR - EITVEY I AREH T
i o

R A 71 > BEEEmENEE—
EEME - BT ERFEELSHBEME » X
il B B L B2 Y0 R BE o B B IR R L ZE A o T
BINBHEANEY RS g ER e EE
BEMNGE > P EMEF® - BEKmE
BE o RAE > FHEF (interferon) F9{ A [E7E
Eeel
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AR & H B R R RE  RAER
TEFMERBEY AERI TR AR EOEY
LR AR A o M B S2 8IS R H
ERIBFE®G o FEH M acyclovir 7T LU % #l
Herpes simplex 5§ zoster infections @) » fifH E
l FE 73 (cytomegalovirus) 5| #2849 i 4 HI JF &
BnE  HERANFEEIERZ—O o (1£%
ARBREMERERZ CMV & - A
CMYV 18 g & Y I ¥k B4 & T RS B @ » fF
F T 5 1 gangiclovir {BLF a] BAFE CMV(+) #)
7 R BCHE G 3 THRS CMV B - R B RER
TR EFEE » i B gangiclovir B ) 8t FE 7 i 1@
o e

EHRAE RE1/4~ 1/3 € F HL-A
identical sibling » i HE# —FIES » 5K
010 96 B39 A i ¥ 75 {6 FA b, 26 B4 6k 9 HL-A
W /5TENRENEREAE - ¥ 5500
H YR R B ST P o BAE TS 300 I B
0 & BE T LS 2 A58 A B o8 U s 198 2 1o

FIEEHI HL-A o $EEIE » FIF FFRIBIIE g
HI IR E A — HL-A haplotype {| 1

BOBEE » I Sl Bh R AR IBRE 2 » B HMaE R

% o
MRBEBRD S EOIBEE » LTEET

BRI E » R - A8 S ENFE 185 R 1 T I
[EIg2A © B A R0 S A2 B R T
CRFIFI0FEMES TE - BiF » HBHEHE
REBAMBRRE  THRHANEREE SRS

R o —fE 588 B BT T R GVHD
BRI RE » {8 2 &1 & F gragt-versus-leukemia g
HEIGINIR A > T B 40 N B 7E B T 1 B B
2 TTHEME A o

S Bk B P02 (monoclonal antibodies)(
Kohler and Milstein, Nobel Laureates,1984) 7¢
RELEEHER BRI o 47 T-cell 88 4
HRERNTAPLREENES R EEHNT
cells . ¥£ 1% &8 /9 A ] T 5 2 2 14 & GVHD o
BRIA A E £ &K W A % 5% GVHD »

TABLE-1
Disease Survival
Acute leukemia in relapse 0.10—0.30
ALL,first of second remission 0.30— 0.60
AML first remission 0.45—0.70
CML,chronic phase 0.60—0.90
CML,accelerated or blastic phase 0.10—0.30
Lymphoma,Hodgkin’s diseas

after failure of first line therapy 0.40—0.60

after failure of second line therapy 0.10—0.30
Immunological deficiency disease 0.50—0.90
Aplastic anemia, transfused 0.50—0.70
Aplastic anemia, untransfused 0.80—0.90
Thalassemia major

without liver damage 0.85—0.95

with liver damage 0.60—0.85

Abbreviations:

AML,acute myeloid leukemia
ALL,acute lymphoblastic leukemia
CML,chronic myeloid leukemia
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R g i Cisotopes) i £ ST ) B AT

FOAM e TR A WA o

VA _EE R BHBECEREFIMS T
imgé"]ﬁﬁ%%@%%miﬁiﬁ% 7

‘Ha Hematopoietic growth factor) Ei FREA R % 31 G-

H CSF % GM-CSF ¥ Al fis# & GHI R 15 » a2

LR B o B A R L
4 A B PR SRS E o — LB {RIL-2 - IL-6 -
cloned T-cells ¢ interferon ZHEEY K TEE
i 2 7 T E AR E - APl R
i R  WAEWES -

i 11 1 T B T R B AL — TR VR
B i AT TFEEE O E A RARE
W o BAI{LRIERHEA > R A ERAE -
pgMtERANEREE - RESRENE

R4 7r MAAAMIRE T HERERAIHE » MMbrgs
{T HH B AE 77 2 0 727 H LE J2 3R B 2 (R 4 At FE AR
D o i A o (BT b o BPRE 2 5 M i i o

f Pk _Ef R EIEBALAFER o T B RMFEA D
(major) ;EFE R A T EEE — AU R
% o

MG  BHBECE - ERARREE
M HEREWEE RIS SRR E RS
WAk o THIN—ERERT RH KRS
AR R H 5 FEEEER o EFHERIRISANTE
EHNRE MEFAFEENEREERER
BIRAHES » HLNEES 2 EEZBIENHRY
REFERENEEARRESNERE o

Bk BHEEEERGRS REFESHERK
i MBS T HE SR E Y W BRI T4 o — B
IGTE R B Y » TSR o NBERYTEM 2 MKIE
PP HERI B A% R » % histocompatibility »
RAICHNE B G938 » BImAYHE s » BBUE
B PR B RITBN L BEY - HbH
MR EHF L aiiE B R e E RIEEAKERTR
B SRBEMTUENEERYEREREE
WFEF % % I E A TEEE 5 E SE R R i
HJ# o ( ©The Nobel Foundation 1991. )
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UNIVERSITY OF WASHINGTON

SEATTEE, WASHINGTON 94195

Eddwin G, Krebs, MDD, Professor Emeritus

Department of Phaemacotagy, S-15

Heward Huvehey Medieal Insietute, S nvestigator Emertis
School of Medicine

Telephone: (2006) $43-8500

April 27 1993

Dr. Chien-Ching Hsu

Prepartment of Medicine

Chung Shan Chyau Maguzine

65, No, 0, e SH, T Chuan Street
Taichung, Taiwan

R.O.C.

Dear Mr. Hsu:

Thank you for your letter of March 22, 1993, inviting me to write an article for your
student 1zine. Although my other commitments make it impossible for me to compose
such an article, 1 will take the present oceasion to extend my best wishes to the student
bocly and 1o express my hope that each of you has a successful career in whatever branch
of medicine you select, My own choice of a career was basic research, but 1 feel that |
would also hive enjoyed practicing medicine.

Sincerely

o L
FEdwin G. Krehs, M.D.
EGK:eh

Lnc.

EEHR PEIESHKETE EHARER
BYTEE - EfIDr. Krebs REBEBERRIEK
BE(LRIEBHERITIE -
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1992 45 35 B i B2 B i 25 5 Bt
B o e AL By /B BT i oh e

{hadad

=
% MR SABRZSRSHEWRAME
Mk GREER4ECHRERMAE

HIHEA B 2 {E5% (signal transduc-
tion) & HIMUIIRE & A

B S i TR B 1oy B B (55— (ER
NEE ; the first messenger) Z{EFH » & E
— {H % B #FH (second messenger) ] cyclic
AMP F cyclic GMP » it & 7] 43 BliE (L E B
M0 BE A(protein kinasea) fz 7K H ¥[8 G(protein
kinase G) » &M ELHMRASEED
Bombi{b (R - MEEL - EYZHE -
MM FEEU RREERRECERE
% EUHME B E 2SR/ TR M A
IREMI AR ~ 01k ~ IREES I ~ DL Y ~ i
REE K RENEE - 7% (
reversible phosphorylation) EHE Y BHEHE
HEFECNEERE2—  AREGHESEH
B 1 #Y BB (protein kinase) F 2% B Bk b 8 (
protein phosphatase) 2 b 9% ¥ #ll FETh GEGH 42 2
HEM > AHEBLARE - £EEZ (Edmond H.
Fisher) J 7,3 Hy (Edwin G. Krebs) 2 5¢H
H e e E O B ER Y R ER S MR B SE
TYETMERE TIE=+FRAMMMEEZRE
WIWFEE » T BB S ERER < EENEBE - #&
SR B AR B IR AR » F BN ISR BRI
REHENHE > RHEBEERTEMNEER
B RESTEHRTREE  AE2HELN
ASCHER G BT FRE B BIE ~ T H LR KR
FERZW%E » IR TFEZE K -

7E H s (protein kinases)

EHHEEECE S EMELEE (E
) o DLEEEE L R T o R A 2
54

o 1

A& (phosphatases) fF i 52 ik » % H ¥ 8 % &% 1@

ARIEFMEL » T EEAE(ER2) » 25
£ cAMP — » ¢cGMP — » Ca®* dependent — »

double-stranded RNA-dependent — * nonspeci-
— L J recep-
tor associated tyrosine kinases /5 » BEE K
o 1 35 7E 1955 SE L B3R B S B BE Lo BT e ik
# & (glycogen phosphorylase) T £ #f A $h HY
Yohngsin ATP 3L » HET5 BRITIE R R fE A
fa BRI iR AT B RVRE & » BLERSETE 1943 5
ik 1% 35 B B2 i 5 B R E K B2 Green it Cori e
(Cori F; Cori [K HF42 glucose metabolism [ J# 5
HEWE) c BERWE TSR IR cAMP
Th 2 475 {L phosphorylase kinase B E EHEZE »
cAMP i & 7 It B8 2 38 &i AL (regulatory
subunit) » {5 & {b & 17 5% B M i& b (C2R2 + 2
cAMP — 2R - cAMP + 2C) » i&{LH phosphory-
lase kinase {iff phosphorylase b g {1 1 M % 5%
H A {& 4 /) phosphorylase a » &2 [ BB R (i AT
o ELEEE FEERBEBFO

fied or messenger — independent

protein
kinase
Protein + nNTP  —— Prote'n-P, + nNDP

phosphoprotein
phosphatase

+——————— Protein + nP;

Protein—P, + nH,0

Y,

ks
1:F W TiEBAMIEZR AKX




3

adrenaline ¢ glucagon B2 3% 88 45 & #% » {2 £
adenylate  cyclase 5 538 fll fe cAMP £ AR
B o ¥ {t. phosphorylase > 0 %] glycogen
synthase Pk F: -protein phosphatase — 1
inhibitor — 1| Z #IE - ERENED MBS
B> T2 E ARBILZ RS (H2) » 88
#is s H > m glycogen metabolism Z e o
wEH f, lipid(lipase) » cholesterol(HMG —
CoA reductase) K glucose metabolisn(fructose
_ 1 » 6 — biphosphatase » pyruvate dehydroge-
nase ° pyruvate kinase) R C eI HF4E (£ 1
) s BT ATRFGE T FE H B4 Z A A0 B — adrener-

gic receptors 2 nicotinic acetylcholine receptors

=2 EQHEE( protein kinases ) 25§

<2 desensitization /A B2 T E OB LG
R BN ARBESHFEEZIRAEER
cAMP — protein kinase A BERE{LFH#E » mAIlE
A AL #% #8 (sarcoplasmic reticulum) 2 Ca’*t —
ATPase {& £ 7} & phosphorylated phospholam-
ben & - MMA FEEEF X E & EMMRIIgED
THFEFRMRERCEYE 28R - ILAK
e~ MR A R B T ek A A I AR PR R A6 R Y R
% » FH#ESHE » RNA transcriptase 7 topoiso-
merase I (&1 037 BERL (LR AT » B AT DR fiZ
FH protein kinase 5| & S fELHAEE O B« B
{LRTEAIER » EBREEMR > hEEZE
R EBEMNALG AT EmA

Jeci- Category Designation Recognized entities
;:pﬁ 1 cAMP-dependent protein kinases Type [ and Type 12
i 2 cGMP-dependent protein kinases one known entity
i ! 3 CaZ+-dependent protein kinases phosphorylase kinase and myosin
Y light chain kinase
B 4 double-stranded RNA-dependent one known entity
g 5 nonspecified or messenger- many known examples

130

independent protein kinases

Tl
LEEE
AMP

aThe two types of cAMP-dependent protein kinase differ in the nature of their regula-
tory subunits but have identicul cutalytic subunits

L)
=

(LIVER

itory

+ 2

Adrenalin 1)

- Vasopressin Glucagon Adrenalin (muscle)
101y - Angiotensin ; Glucagon (liver)
ik By i |
BB g |

A ¥ IY
{%H:F calcium jons cAMP-dependent cAMP-dependent
(eleyatea) protein kinase protein kinasa
5% ;2[] (activated) (activated)
phosphorylase kinase
{activated) |
L4

\d
phosphorylasea
{activated)

b 4
protein phosphatase-1
(innibited)

S PEE

glycogen synthase
fnactivated

inhibitor-1 (activated)

A
protein phosphatase-1
{innibited)

A
protein phospherylation
increased

B2 ahGoEmi A TRNZSSE cAMP $ 57318 SR & KRR £ S MMy L
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Protein kinase A 5 cAMP #i7E » {{LEH
"% 7 serine Y threonine RS » & fE Ser/Thr
protein kinase s Jfij protein kinase G( 5 cGMP
35 ) B protein kinase C( & Ca®* » diacylgl-
yarol J; phosphatidyl — inositol #{ 5 ) 1 [F] /&
Ser/Thr protein kinase » 3§ 2 B 7% W % & 1Y
tyrosine kinase( {§f tyrosine #§E&{L. 208 ) -~ 7 °
a1%% 3 A~ » Protein kinase A » G % C » #F
FEREEMM - — &M E - A& M R0 /)
B~ B BBk FAENL - B B RIFZ
protein kinase C & b H fth — & & » 1 LA
/N#R protein kinase C H & » S ok » H b
LR KRR > MAER ~ DR R BB

protein kinase A [t C 7 » ZE 2 protein Kinase
G ZiEREE » REEM - ORIEBS
38 =R (R 69 855 £ #E R 71 7 # £ histone
Bl ERCREEREFRTR (K4 - AL
FHAERATEEOER =R EERts
FREHEZRE » JRREFEBNRRTE M
PR E A FRThEE o FHE - B — R
Rl g & ERRNHERNERAS LT
AR+ 40 BT B 3 glucagon R > HUE N
cAMP > ffij & fj[j proteinkinase A iEfE (3 5) »
T vasopressin H #& cAMP . phospohatidylinos-
itol 43 » M T 2 protein kinase C{EHE » &
6 TR i) 4 B T 2 B S (R R e S R 0 R

# 1 : REAIRIRAOMLBR{LIE EHAYRE ©

3 wEFE
Glycogen phosphorylase 1955
Phasphorylase kinase 1959
Glycogen synthase 1963
Harmane-sensitive lipase 1964, 19704
Pructone-1 5-tmphosphatase 1966, 19772
Pyruvic dehydrogenase 1969
Hydroxymethylglutaryl CoA reductase 1973
Acetyl CoA carboxylase 1973
DNA-dependent RNA putymerase . 1973
Pyruvaie kinase (liver) ) 1974
Cholesterol ester hydrolase 1974
R subunit of Type |l cAMP-dependent protein kinase 1974
Reverse transcriptase 1975
Phosphofructokinase (liver) 1575
Tyrosine hydroxylase 1975
Phosphorylase phosphatase inhibitar 19ay
Phenylalanine hydroxylase 1976
el F2-%inase 1977
cGMP-dependent protein kinase 1977
Tryptophan hydroxylase 1977
NAD-depencent glutamate dehydrogenase (yeast) 1978
Glycerophosphalte acyltransferase 1978

20n those instances in which a substantial period of time elapsed between initial and
subseguent reports two dates are listed.

£ ZRHEC . A .. GZEBAMRERZHER -

Tissue Protein kinase C - Protein kinase A Protein kinuse G

Platelets 6300 340 s
Bram 3270 250 [
Lymphocyles 1060 320 |
Crnlocytes 530 100

Small intestine smooth musele 70 560 i
Lung 360 200 i3
Kidney 280 150 —
Liver 180 130 3
Adipocyre 170 270 2
Heart 110 230 7
Skeleral muscle 80 110 —_

® Rat tssues were employed except for platelets, lymphocytes, and granulocytes which
were oblaired from human volurteers. The enzymes ~ere assayed under comparable condi-
tions with calf thymus H1 histonc as a modei substrate. Detiiled conditions will be described
elsewhere (Minukuchi ¢r of., 1981). Values are units per miiligram of protein One unit of
protein kinase activity was defined as the amount of enzyme that incorporated 1 pmale of
phosphate from ATP into HI histune per minute.
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EYENEE -5

 Hi %

o p 3| BAIA TR LS+ T & B

i 5 15 1 53 — TR i IE » DA AE 7 ME B 8

2l 0 SLENRIER > XA » RN
E’[‘EEZ%&E s BRI R E SR E 3 Py
T = &8 A % H > 5| phosphatidylinositol

43§ » diacylglycerol A g o #87 BiE protein

kinase C T EHMISKIE » 45 » diacylglyc-

erol & H arachidonic acid » & f prostaglandins

¢ peroxides s [t 7 i i i guanylate cyclase »
¥l cGMP — protein kinase G » 7 iHE &4 #l
phoshatidylinositol 43 fi% ( [ 3) » SfE L LW
MBEIhRE B AT » THiE B8 o M AR
BRIL K PERTS | » W I SeisH | A E g
RFERIETERG » 5 R SR M IS 1 R A i
MEVEE B o

#F1 EEHEC . A .GHABTRE histones BEEERZ s o

Reaction velocily (cpm)

Histone Protein kinase C Protein Kinase A Protein kinase G
H1 histone 17,000 3.830 4,500
H2A histone 2450 2,470 5,560
H2B histone 4,180 17,000 17,000
H3 histone 1,210 468 670
H4 histone 240 260 450

* Protein Kinases C, A, and G employed in this ¢

xperiment were partindly puritied from rut

brain, rabbit skeletad muscle, nnd buvine cerebellum, respectively, Detuiled conditions have
been described clsewhere Ctukul e al., 197703 lwusu et al., 1980),

£S5 SBEEESHTREE R Ephosphatidyl inositol B cyclic nucleotides

-
Phosphatidylinositol Cyelic Cyclic
Stimulus Tissue turnover GMP AMP
Glucagon Liver, fat cell — — 1
Adrenergic (8) Various — — 1
I'rostaglandin I3, Varivus — — 1
Adrenergic (a) Various 1 1 - or |
Cholinergic (muscarinic)  Various 1 { = or |
Vasopressin Liver 1 1 -
‘Thrombin Platelets 1 i — or}
fMet-Leu-Phe Granulocytes i 1 —or}
Glucose Langerhans' islets 1 - =
Plant lectin Lymphocyles i il —or

1, —, and | denote increased, unchunged, or

decreased values, respectively,

[ Praschatlayinositol]

Feedback control

£
~—————{Proteln kinase A]——{ cAHP —— AIP |

—TIPrccein kinase G] {_ G | { &P ]

Dlacylglycerol i r\rﬂchldmlc
GGZ'-

|Protetn klnase C
CQ;N

Cellular response :

Prostaglan d I
Prosfugl Hirostacvclln

& 3

iR O BEAE QRMEA .G, CER B HEHA o
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H H EBEBELES (protein phosphatase)

LR HREAE 2R MM IL R SRR
RIEFE » (b = B8 K FE B B8 (protein
phosphatase) J& 4 th & I 1E 5 f % & H R
UEHIRRY A o A protein kinases 43 Ser/
Thr B Try phosphorylation — A 48 » #H % #f1 »
protein phosphatases 7 43 B Ser/Thr F Tyr
phosphatases — A #§ » Ser/Thr protein phos-
phatases 43 4 f&# types( £ 6) 43 Bl & PrP —
1 » PrP2A » PrP2B J PrP2C » §i=fEfs & &
RRIEFF LL$HHE R (B 4) » B3R PrP — 1 catalytic
subunit B PrP2A K PrP2B H 49 % % 39 % = it
[A] {4 ] PrP2A Jk PrP2B H| B & 43 % 2 3t [
T > PrP2B 2 (LB A LIk % Bl » N — termi-
nus B 5 & E #Y polyproline sequence(Pro) »
£ catalytic subunit HF_E¥ (R » 57K 6 HE

PPt (R 350
L9%
P2 ) 109

39%

et e

Pro R CaM

B4 : Serine/Threonine & >kaiss
fti## e 8 ,Pro: Polyproline
; R:regulatory site ; CaM

H ) 28l 19KD regulatory subunit £ & 5 »
T C — ternfinus & — E& /2 Calmodulin binding
domain(Cam) » A, PrP — 2B 2 M —FFl| Ca?
Y- CaM E{LHY L BEELEE 0 35 IUTE R BERE G
CERE BB RGBS ERAER (K6

)))) » PrP —1 > PrP — 2A R PrP — 2C 53 5|2

Fa/GSK — 3 » polyamines § Mg?* &1k » T
PrP — 1 o] £ A & 1% inhibitor — 1 R IFIEE R
okadaic acid fi#iI#l » [fi phenothiazines 4[] chlor-

adrenalin

1

cAMP-PK (activated)

A"

G subunit of PP-1 inhibitor-1
phosphorylated phosphorylated
C subunit dissociates inhibitor-1
from glycogen activated

PP
inuctivated

E5 : Adrenal ine Ap#|FBNE g LaEaL
B(PP—1)Z5F#H# (G, gly-

cogen associated ;C,cata-

calmodulin binding domainc lytic ) o
%6 :Serine /Threonine BEREBEEE -
PrP-1 Pre-2A PrP-28 PrP-2C

Substrates
Phosphorylase kinase a B a a a
Phosphorylase a Yes Yes No No
Histone H1 (cA-PK)* Yes Yes No No
Histone H1 (PK-C) No Yes No No
Histone H2B Yes Yes No Yes
Myosin light chain Yes Yes Yes Yes

Activators
Polyamines/polycations No Yes No No
Mg?* No No No Yes
Ca?*/calmodulin No No Yes No
F,/GSK-3 Yes No No No

Inhibitors
Iy Yes No No No
I, Yes No No No
Heparin Yes No No No
Okadaic acid Yes Yes® No No
Calyculin A Yes¢ Yes No No
NaF Yes Yes Yes No
Orthovanadate Yes Yes No Yes
Phenothiazines No No Yes No

“Histone H1 phosphorylated by cAMP-dependent protein kinase (cA-PK) and by protein
kinase C (PK-C) demonstrates a different capacity to be dephosphorylated by these protein

phosphatases (246).

°PrP-2A_ is inhibited with 10-fold lower K than PrP-1_ (82).
Calyculin A shows similar apparent inhibition of both PrP-1_and PrP-2A_ (241).
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%6

3 5%

i
%

llor-

promazine H S 4% PrP-2B » [ [ 5 17 BEE A %
gﬁjﬁi%ﬁi%%ﬂﬂmﬂ&ﬁZ:E protein phos-
phatases EHmAE MBI EEES
protein kinases E phosphatases 1% {4 ¥ %% phos
phorylation-dephosphorylation R o 10
Adrenaline Z {E i&{l, cAMP — protein kinase
A o WEES Bl {L PrP — 1 &2 G — subunit Jz
inhibitor — 1 Z @B {t ([E 5) » G — subunit
ML R {i#i catalytic PrP — 1 » subunit H
glycogew iff TG L B EMMEE (B 6) - &
-2 R | inbibitor-1(active) #& & T 1
# » B 3% {t T addrenaline ff7 5| # Y phosphory-
lase kinase * phosphorylase J glycogen
synthase B 8 {b A 3 SR o B2 akadaic acid 2
PrP — 1 & PrP — ARJHIHI Bl » BEHBED
tumor promotion fEF » [A It Bf protein phos-
phatases I M4 REVEE YN > AT R —
B o BRI A TE RIS - AR EE W ©

Tyrosine kinases 2 3¢

$ 1 Wt /i Ser/Thr protein kinases Jz phos-
phatases ¥}l fu 3R 5. 1800k K M BT REERIE <
EEME  BOHRE—EEE tyrosine

kinase J¢ phosphatases 2 }f 43¢ » Y BB & — i
HENEH  MESRALHHEHE W
WHE P E R » £ HE protein tyrosine phos-
phatases 2 {L B E R INEEZ R BT » & Bt B
% T—ERERT -

B B Tyrkinases B2 2 EHE M » F Ak B
2B} 9% epidernal growth factor receptor (EGF-
R) 82 EGF 5 &% » Z 8BS 5 B 3¢ receptor
molecule 5% #fl ig ‘B — ¥ A A 7€ tyrosine kinase
FHEGE » A2 — S HZE 4 autophosphorylation »
55— 77 THI 72 {12 5l Bt 79 L fth 3 (3 B Y tyrosine
BRER (L » 38 L6 ;X M B growth factor {2 3 0 Hfg 4=
REAREY) o 130 M 4 2 3 H fth growth factors
il platelet derivedgrowth factor(PDCF) » fibrob-
last growth factor(FGF) J: insulin like growth-
factors(IGF) = % 88 » B9 B 74 tyrosine kinase
G M > B LLSE 45 tyrosine kinase iy 4 £ recep-
tortyr. kinases » MM 2 9IRS — = »
7572 L oncogene products 4] neu/HER-2 5 v-
fms J v-kit ¥5 B 7 tyrosine kinase {E 4 » g Iit;
W45 » HESM receptor tyrosine kinase 2 %R
EHERER  gEBHRERRES » WEE
ZEEE e

—

¥

’\

GLYCOGEN

GLYCOGEN

G subunit

cAMP-PrK

Protein phosphatase-|

AN

Inhibitor—1

G subunit

\
\
N

Pre-1

Protein Fhosphatase-1

INACTIVE |

B6: 5 asmkA LhMMIEMLARZAEER » 6 £0ECAMP —PrKE g #AEZ S AT

' Fl#f 2#AA PrP—1Xglycogen subunitZ inhibitor—1 Zasfagft M
& inhibitor — 1 #KXEEY > mPrP—12catalytic subunitpits i Zaap
T g inhibitor —14p%|» 4ostty #ibmi T glycogen F &4 phosphory-
lase kinase , phosphorylase®Z glycogen synthase #aifhAf @ B2k
xS Emikglycogenolysis 2t o
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U@ 7 F7% » receptor tyrosine kinase(PTK)
£ fii transmembrane protein » N-terminus ¥
HHARE S > B & cysteine » 2 ligand f & HYH
i » C-terminus 7Ef A » B tyr.kinase ~ &

2oMAN N
DOMAINS

Ligand
Extraceliular Binding .
Transmembrane mgﬁ{fwgfi
Juxtamembrane 08y

Tyrosine Kinase

Substrate
binding

Carboxy-terminal tait c

Bl7 : Receptor tyrosine kinase (
RTK )X #hi o
RTK#mpitssN—terminus g4
cysteine(o)s L ligand&s K » fo
A C terminus I tyrosine
kinaseZ AT Pfosubstrate &4
£ tyrosine(-) &b aMz o

BiES RATP BEEEA » KL EHEERE
£ PTKAo=ARHE(@EB) : 55— 2E EGFR
K neu/HER-2 » &2 single polypeptide » #fl ffd
&+ N-terminus & — {EE R B ( E & cysteine)

I II I

EGF-R I-R PDGF-R
newHER2 IGF-1-R c-fms/CSF-1-R
c-kit

@8 : Receptor tyrosine kinases
(RTK D)X #HA ML o
RTKZ fapstN— terminus &E4
cysteine-rich repeat (mm, 0)
By @mfaphAC-terminus g]4 tyr-
osine kinase (@) o

£7 :=ZKERByrosine kinasesigERERNRMZIEE -
Subclass | Subclass 11 Subclass I11
EGF-R HER2/meu  I-R IGF-I-R CSF-1-R/c-fms  PDGF-R c-kir
Ligand EGF insulin IGF-1 CSF-1 PDGF-A,
TGFa unknown (IGF-1) (insulin, IGF-2) PDGF-B, unknown
plo== PDGF-AB
Length of polypeptide 1186 1255 AT 1343%0 1,337° 972 1,067 976°
chain (aa)
719 a 706 x
620 B 627 8
B 1355**
3l a
620 8
Length of major domains
(aa)
Extracellular 621 632 A% 19 a 706 o 512° 499 520*
B: TMa 196 B8
194 8
Transmembrane 23 22 26 25 25 23
Cytoplasmic 542 580 403 435 543 433
Molecular weight 131,360 137,820 A% 152,700° 151,870° 106,000 120,000 109,740
Calculated
82,400 a 80.420 o
69,700 8 70,870 B
B 154,000°
83,700 &
69,700 a
Native 175,000 185,000 210,000 210,000° 165,000 180,000 145,000
135,000 & 135,000
95,000 B 90,000 B8
mRNA (kb) 10.5 48 10.3 1 43 5.3 5
5.8 9.6 7
8.5
6.7
Chromosomal  location  7pl.1-7pl.3 17q21 19p13.2-19p13.3 15q26 5q33-5q34 5q31-5q32  dcen—q2l
(hurnan)

* Length includes signal sequence.
* Proreceptor
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precursor.
“Two insuiin receptor splicing vanants have been described that were designated A (28) and B (29).
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gz
F-R
i

ine)

&C-terminus tyr. kinase ; 25 3§ RTK 0 [ &
qubunits 18 5K ( @ 2 £ 2) 4 insulin Kz insulin-
like growth factor receptor » & subunit & — &
cysteinerich segment » /3 -subunit 2 iffl fig A9 E&
£ tyrosine Kinase T &8 = %8 RTK t5 /2 single
po]ypeptidc i PDGEF-R - C-fms/CSF-1-R Fz C-
it » HASEHEE -BETRAOE MR E
repeat » {H { ff B conserved
5§ & PTK 2 binding

cysteine—rich
residues

ligands ~ polypeptide chain ~ 4> F & R Z K L
EANF 7 i~ » b #f viral oncogenes J% cellu-
lar proto-oncogenes #5352 = % » neu 7F trans-
membrane segment 2 H — (& & & Val 8 g
glutamate » ffj v-erb B » v-kit & v-fms 4} 7£ C-
terminus 5 34 » O RO FEHEBZHE(E?Y
) » BN RTK & EMAEL » AR
THREE B AL » TSR E R & LiH
ZHRR o LE=ZERTK 2L » UFRBR

cysteine
skl
g,f ";‘ Extracellular
| £2 Domain
VE [o] 1%
N Y =
T T T T T O
Cytoplasmic
Domain
A49 aa A40 aa

A34 aa

EGF- v-erb
R 8

neu® neu

c-kit v-kit c-frms/ v-fms

CSF-1R

E9 :&receptor

i e

tyrosine kinase (RTK) proto —oncogene Zoncogene X

Oncogene neu *Z transmembrane £ valine(VEX®H glutamate(E) » @

oncogenes

40 Z A ML (A) o

v—erbB,v—-kit&Zv—fmsZC—terminusi&o3lH 34 , 49 ZE

SEQUENCE
DUPLICATION

Tyrosine
Kinase 1

MODIFICATION  |ss

RTK | |

RTK 1
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42— (@ A<[E) # subunits(binding protein 1 & tyro-
sine kinase( [i] 10) » AT [EAVHE S TESESE
— B 88 — ¥ RTK - T & = 48 A i binding
protein2 K% tyrosine kinase 2 #% gene fusion [ffj &
4o

B AT BfF 52 19 4% & R A % 400 nerve growth
factor(NGF) [k K brain derived neu ~ phic
factor(BDNF s neurotrophins) 2 & #2 0] (& i1 &
ZRHE o 4R 8 PISNTRR K P140"FA( [ 11
) » %% B H tyrosine kimase iE » [F] B
P75NOFRR = ¢h #= FAS antigen( 2% %% apoptotic
cell death)) » tumor necrosis factor receptor (
TNFR T Fx TNFR-T - [#12) » ;EEEZ 2 3t
A 2L 2 # Mg #F N-terminus & F = £ [ {&
cysteine-rich regions » SR M » SEEZRER(E
BEALSEE > REMBER > UFHHERZ
FEC AR o T8 T EMARAE R R 26 P140

p75LNGFF| p1¢0lM
NGF {

3
oy

5
Tyrosine
kinase

ﬂ 140 kDa

11 : —# R RerrE s kTS5 (NGFR )

G Protein ?

kA, B & proto-oncogene trk Z EY) * BF
tyrosine kinase ¥G £ * BE NGF & % » o
utophosphorylation » 25 & # {8 #H M2 40 sensory
neurons * PC12 » neuroblastormas ¥f NGF &
FE% > HH PLS™A FE  BHF PSR
P145'™%¢ Ty B 4 o1 4% 43 B P140 Dtrk 35 & [A] —
$H PTK » ## 3y (transfection)P14'™ it 48 5 R
PC12 cell » A2k %} NGF {8 K fEE » i §&
$INGF E X JE » MAERMKzEL » 24 EH
trk % B8 2 #53E » BRI B 4 N-terminus cys-
rich-leu-rich-cys-rich ZigwR#E:E (@& 13) » M
B {E 1eG-C2 jE 2 A T MR Z I)4E -
B T A B 2 S RS D B IR S B A AR AR 0 B
MEARTOBEREHE PIST™ » flba & P7
SNOFR R P140FA R R SR MR M MR A £ 0 Bl

et R o
FAS TNFR-I TNFR-II Ly CD4ao 0X40
E &
i E L
! , : | -
| E 8§ 8
4 § E £ =
e £ g/ £ E &
= N B
g 27
;

B2 :fPm4+ E£54 (NGFR ) P759¢FR
B RAZ M » s N—terminus

ZHig o BMANZ T8  cysteine—rich
region o
- crnen e T e 5
Wy ich Yeu-peh. nen ley-nen 1gG-Cp
9]
o O e O e O e Qe
wa )  wa D we [ p Q, «
|
®GL, 3 HGC O : Q WG &, D o) 195 C;

G v
nase wnase

B
k B

pl40
trk A

P95 pras
wk B Ik C Dirk

Bl3: Wt EE+#W(NGFR )R tyrosine kinase P140trk A BEIE
NGFR = fmph sfN— terminus4AcYysteine—rich regionZimmunoglobulin G

» § fimppgt ¥ ( cell adhesion )ffM o

i =




Protein tyrosine phosphatases (

PTPS %l fuZh e & Fa 42

FH 4 receptor tyrosine kinases {#f % [ & B
m b 72 B SO B &£ R & 43 {b ¢ T oncogene
product 5| % #ll il 4% 1] 19 £ & X BL H tyrosine
kinase {5 H R » H I » 3% & phospho-tyrosine
protein 2 £ R R M HALAE B B B0 » B
R o 3 H 5% 3 B PTPS 2 B 9t th 8 K T b {F1
Jf 45 7 B protein kinase TRFEAYSEIR - BE %
71988 £ » B ARG 5 B KAtk PTP-1 8 »
Lb#f PTP-1 6 2 #5385 B2 CD45 & Z Ml i i C-
terminus B & 2 {E PTP repeats » CD45 [ i
leukocyte common antigen (LCA) s & trans-
membrane protein » {5 surface membrane
proteins 10% » = 72 7F j* hematopoietic cells »
76 40 I 51 N-terminus 2 #5559 B B & » g
sphingolipid containing myristate » [ % 5% glyco-
sylation 4} » H E & cysteine( [# 15) » $ZH L
BB ER < T R E B PTP-1 8 R[F » CD45{g
f# myelin basic protein(MBP) 2§ & = ¥E B Lt

#} reduced carboxamidomethylated lysozyem

W o T PTP-1 BRIMER (£8) » Btz 4t > =

HERXRESEEY ZERETAE > 40Zn & Mn i

CD 45 i,
Z
e
s
e
4%
=
SRS
oo
o
T iSRS sSR R LAA IR AR 1N} T O CIIIIIOT I
PKC r
I \ iy
PKC P /
cKo
K P ¥
11 COOH
PTPase 1B
“cooit

&E115 :

CD45% protein tyrosine ph-
osphatase 1B ( PTPase 1B )=
i o

CD45 2 tmpn?tN—terminus i cy-
stein—rich region (e )Agl-
ycosylation site ( A) » dis
AAC —terminus#H tyrosines
HEEIEP) ©

PTPase 1B
T-Cell
PTPase

NCAM )= sequence #if o

@14 : Protein tyrosine phosphatases (PTPase) BZ#i& PTPasezfmthia C—
terminus tyrosine kinase (mm) %847 (homology Aot ) LAR
( leukocyte antigen related protein )X %fmmstN—terminus & lg —

like (sS)Anonlg—1like (em)&fneural cell adhesion molecule (
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PTP-1 B {E}138 CD45 514 » spermine {3 CD Pl E & Bf cytosolic PTPs & membrane
45 Z YEF LL PTP-1 B 58 8 & » FH M » heparin receptor PTPs = i {b < i Kz {E I 43 B LA 17
BN #%I PTP-1 8 H ¥ 58 o 7 T-lymphocyted 2 F:[E 18 EEH » growth hormone receptor typo-
CD45 Z¢FH Bl T cell receptor & $% » Hi {E iff
phosphatidylinositol (PI)metabolism & Bf * 7£

mutant T cell §tZ CD45 protein » K # T cell %9 : E[4EEE (PTPase) 2 BARMM (R,
receptor » EE i PI turnover » [t i fF °] A receptor; NR,nonreceptor)o
. e Pl
CD45 cDNAtransfection ﬁlﬁ @E 1E IE m ot % &\L ’ TP Qrganism Type Size* dr:JTPH:
oncogene src proteins B # tyrosine kinase {E L
. . ) Ciras Human Rooype | 1120-1281 2
4 s [ 75 M # tyrosine phosphorylation ¥ % » Rat g tvpe ! 2
Mouse ovpe ] 3
CD45 {# = dephosphorylation » I tyrosine
. LAR Human R tvpe 11 1881 2
kinase {F1& F X HIHH o DLAR  Drosophila R type II 1997 2
% L @E E gﬁ__ﬂ{_ CD45 JFE iﬁ ’ ﬁﬁﬁ ?’:E ﬁé E .[ﬂ]. BDETE Drosophila R type I1 1430 9
kMR £ o 12 leukocyte common antigen HPTPE  Human R type 1L 1975 N
related(LAR) & » 1 B % PTP j % » B2 CD45 RIUTPa  Mouse R ovpe IV 793 2
. . . HPTPa Human R ope [V i | )
FEFE o 7 M4+ N-terminns B A = F = {& HLEP  Human R ovpe [V 793 2
. i . P vz, & LRD Mouse R ovpe IV 793 2
tandem innunoglobulin G-like domains » 3lfi 3
HPTPe Hu R type [V 2
% M {# fibronection type I (FN [ )repeats » : e P 08! :
— . . HPTP3 Human R nype 112 1523 2
JE Ub j¥ 3 B cell adhesionmolecules (CAM) 7 Hefpy  Human R gg: ; e £
Lo i - RITD Human R rype ? 535 2
fascicilin » NCAM FE L1 AL ( [E 16) » 7 £ ifF i e i
% x HPTPY Human R ovpe ? >613 2
Ffi 43 B89 DLAL F: DPTP 75 38 {3 » Jb88 RPTPE  Human R oype ? S50 o
T~ PTP 2 55— IfiE 2 B & cell-cell & cell-matrix PTP IR Human  NR PTP 435 !
. TP 3 Rart NR PTP 432 1
HHER » UEHMEER RS L T
5 A e e = TC.PTPY H NR TP 415 1
cell contact inhibition BB o BRI &K =+ uman
\ Yop 2b Yersina NR I'TD 108 1
—f& PTPs fk i8 & 7.2 & B2 Z B2/ & DL Al . ’
. s Vaccini NR I 7
S} N-terminus 4 5% & 2 5255 £ dtypes » 1% 9 VHI  Vaina  NRPIP 7
Fii%Y » BB G AT 40 PTPs 2 # 3E B ThRE = (E #E 1k pyp'* S pombe  NR PTP 550 1
& % *i JIE'E ° *Number of amino aad residues
%8 : LEEEBPT Pase |BRCD 45 254
Human placenta PTPase 1B Humanspleen CD45
Molecular mass (kDa) 37.5 180-220
SH dependence Yes Yes
Substrate specificity Tyrosyl residues Tyrosyl residues
RCML®: Specific activity® ~ 20000 Umg~! ~ 1000 Umg ™"
K 280 nM ~ 15pm
MBP®: Specific activity® ~ 17000 Umg™! ~21000Umg™!
Ko 250 nM 14 um
Modulators of RCM L dephosphorylation
Vanadate and Molybdate [nhibitory [nhibitory
Znand Mn Inhibitory Activating
Spermine L.5-fold activation 12-fold activation
EDTA 3-fold activation 2-fold activation
Heparin and poly(Glu-Tyr) [Cs020-50 nme ICso > 200 M
*Abbreviations: RCML, reduced carboxamidomethylated and maleylated lysozyme; MBP, myelin
basic protein.
"Lunit = 1 nmol phosphate released min™".
1Cso = concentration causing 50% inhibition.




rane

& 17
Ypo-

sine kinase autophosphorylation 52 active form
2 pTP 1F I > R BB S B inactive - 5 44
fapq protein A %% phosphorylation #& » ZE 4 phys-
ioloical respones ° #R 1% % PTPase L W% »
ﬁﬁffﬁﬁ_ﬂ: ( @ 15) o #§ & #fi » membrane

receptor PTPase Hil ligand 5 & » # B active
form » {i£{k, phosphorylated inactive src tyrosine
kinase FREEE{L ° M7 tyrosine kinase {H% °
1 R R i protein ABEERILTIEAER (E 18
) o

Extracellular

i
oL
fascichin NCAM L1 LAR DLAR DPTP LCAs PTi-ase

Membrane
D Cytoplasmic

1B

@16: Protein tyrosine phosphatase (PTPase ) B#icell adhesion mole-

cule (CAM) Bt o

¥ o

sz & fmstN—terminus 4-cysteine —rich region ( C§ )Z immunoglobul-

in—like , fibronectin type [[—likeZ%marfPTPase domain(3)=Z:t

ACTIVE

INACTIVE

C

MamErans

Physiological
Response

D impp B tyros ine SRS A o

4afbt tyrosine kinase receptors growth factor fEf - & #8aE1L b By
EALA s {(REEAF ABEIt mfmm A protein tyrosine phosphatases (PTP
ases MMEAMAA—P Lkt » RN TEHA o
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Membrane |

INACTIVE
KINASE

Y

ACTIVE
KINASE

| ACTIVE

W= @

PTPase

@18 : Receptor tyrosine phosphatases (PTPases)2 4+®shft .fmffg t PTPase
# 1l igand &4 » $RMAEMHY » {2 phosphorylated inactive kinase F#
Beif» W active kinase » HEFEOTASAIL B2 AL L4 Mo

AWge R ~ RRER R RE

MRS g g TR EE (L - TDRMERAEE
B R AR AEThEE RIS EERE . — » BEIILA
it [ E R [ #5BE (protein kinase) fz 2 B R
fii (protein phosphatases) 7~{E ffi 48 % T B # i
R » BT EHMER(CREZE
% 0 R AR > B - EEEEN
EER T HERTSHREREYAMN  BAR
B ML HEE AR SEERENE
HEENEREHMEB(LATRA - 2R
BYRE T o DAEREMI BRI BERY IEH o HILAHA
BBk E G B R TR LA I
EE RS Y B ARV TR o R T 2 R PRI A Y
MIRA Y » BERENT -

1. Oncogene new/HER-2 » v-erb B » v-kit &z v-
fms E 75 tyrosine kinase % » 3§ & H
proto-oncogene mutation ﬁ truncation Tffj 28
It 86 7= #0 B tyrosine kinase &L H » FIRER S|
BRWEMREZ— » B IH % tyrosine
kinase f){EF4EY) » T BIUEHELRE -

2. Okadaic acid ]| 4l protein phosphatase {EF »

! @ﬁﬁﬂﬂﬂﬁ protein
phosphatases £ tumor suppressor » f§ K
okadaic acid {4 1% 71 &% 8¢ {2 i protein phos-
phatased 2 %84 » tHFIREEFIBEAUR -

3. Nerve growth factor ] 5% % H F tyrosine
kinase » 3T B & & 43 8 22 neurotrophins AJ
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H A tumor promotion

REMLER RS BHERQ BB
RERMmKEERRICEETRF R
neurotrophin 2847 » T FEF AR ZE
ZIEFRILEMBREBZEE -
4. MHM #Y & b B & F 1 78 C (programming
death, apoptosis) {L{ J¢ Bl B 46 F 5 B 4[] FAS

tyrosine kinase » [A I, # — & B 9T tyrosine

kinnase Z Thfig » A L1 E L2 8k o
5. (1M &k #Hl Bl =2 tyrosine kinase J tyrosine
phosphatasees (&1t » B & /1 H & GIFA 1%
Cyclosporin EL G590 B HIHI 1F R » BEIZ
FRPRESRE  BAOHEFRER » HIFHA
#4825 2 cyclosporin i immunophilin #E & #9
# &% » £ i) # tyrosine phosphatase -~
calcineurin 22 #5 B o A7 DA fF 2 40 #
calcineurin = &% » 0] 22 B & Ht cyclosporin
fFEIBEY) o
HRECERELVRARRHES R Y
e Wk B% > CHITSER » HHIRIIAE
ZHAEAEE— S ERAE - (B EIRZ R
B9 55 — B T A9 A B OV B R R A
kinases J phosphatases #Y specific substrated 2
# — #& » membrane receptor phosphatases 2
binding ligands £ {1 B » L R B B %
unknown kinases §; phosphatases 75 5 $ 9 &= #F
e BAE © ( AxgHEE T EAEE
E+hE Bt —+28#)
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