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B ~ d  3 proton ~ human e~t~ocyte  m e m ~ e  ~ ~ m ~ o ~ l a t e d  on a ~ m ~ n e  ~ d ~  l~ated n e ~  the 
NH 2 t e ~ f l  ~ ~ ~ n ~ s  ~ m ~  ~ ~ f i ~  (Dekowski, S., R y ~ c ~  A. ~ d  Dfi~ameL ~ 
(19~)  • B ~ .  C ~  ~ &  ~ - ~ 5 ~ .  A ~ m f i ~  ~ phospho~lafi~ ~ e  b ~ d  3 ~ o ~ n  ~ ~m h ~  
~ e n  e x ~ d  ~om g ~ s ~  by n o w ~ c  ~ e ~  and parti~ly ~ a r a c t e ~  ( P h a w ~ ~ ,  F ,  Hen~,  J. 
and Kahn, ~ ( 1 ~  ~ ~ophy~  Re~ Commu~ 1 ~ ,  3 ~ 1 ~ .  We h ~ e  s m ~  ~ e  p r o ~  d ~ e  
~ m ~  ~nase ~ f i ~  whi~  ~ m ~ n s  ~ d  ~ t ~  ghos~ ~ter ~ r g e ~  e x ~ f i o n  u~ng ~ e  43 kDa 
fragment ~ pro~n  3 ~ s u b ~ a ~  This acfivi~ solubiliz~ from ~ e  detergent-resistant matefi~ ~ ~ M 
NaG ~ d  ~ e n U a t e d  ~ p h o ~ h ~ o ~  ~nd ~rosin~ag~ose  c ~ o m a t o ~ a p ~  r~mafns I ~ k ~  m high 
m ~  ~ i g h t  ~mplexe~ R ~ s ~ d ~  f ~  ~ m f i n ~  A ~  ~ the p ~ f i ~  ~ kDa f ~ g m e ~  ~ 
~quires ~ e  presen~ d M ~  + whi~  ¢~not  ~ ~ p l a ¢ ~  ~ Mg 2+. ~ ~ for ~ kDa ~agment ~ ve~  
~ ~ a K m ~ ~3  p M .  ATP ~ ~ a phospho~l d ~  ~ a K m ~ ~55 pM. The ~ m ~ n e  ~ n ~ e  
a ~  w ~  not m~ffied ~ ~ s ~  D M S ~  phor~l ester ~ d  e ~  ~ o ~ h  f a c ~  vana~te a ~  
xant~ine ~ v e s .  ~ a m i n ~ s  s ~ ~  and the ~lylysi~e are i n h ~ t e ~  ~ the presen~ d M ~  + but 
~ t  ~ ~ e  presen~ ~ Mg 2+. H ~ n  ~ a ~ m ~ f i f i ~  i ~ r  d ATP. ~ ~ p ~ g l y ~ r a t e  ~ ~ 
~ r  ~ p ~ o ~ c ~  concen~afions ( K  i = 2 raM). Purified ~ d  c ~  ~f in  ~ n ~  phosphoOated ~ the 
~ m ~  ~ n ~  The~  p r o ~  ~ n ~ i ~  ~ e  ~ d  c ~  m e m b r ~ u ~  ~ m ~  ~ n ~ e  from other 
~ m ~  ~ n ~  e x ~ d  from n o ~  c ~ s .  

Since the identification of the gene product of 
the Rous sarcoma virus and some other re~ovirus 

* To whom cor~sponden~ shoed be addressed. 
Abb~¼afions: DMSO, &m~h~ s d ~ d ~  phorb~ e~eL 4~ 
phorbd 12~myfistate 13~a~tat~ FB3, ~ s o l i c  ~ m e m  ~ 
~d c~  mem~ane ~otein 3 ~3 kD~; EGT~ e ~ e  ~ 
M ~ a m i n o e ~  ~ r ) - ~ N L N % t e t r ~ c e t i c  acid; H ~ ,  
4 - ( ~ h y ~ o x ~ y l ) - l - # p e r a z i ~ e t h ~ d ~ n i c  acid; PMSF, 
p h e n ~ m e ~ s ~ n ~  fluofid~ Me~ ~ m o ~ h o ~ n ~ a n ~ d -  
~ c  acid; SD~ ~ u m  d o d ~  s~fme; EG~ e#d~mM 
~owth ~ o ~  FGE fib~M~t ~owth ~ o r .  

with tyro~ne-specific protein kinases (see review~ 
Refs. 1 and 2) there has been a considerable 
interest in the study of these enzymes. It was 
demon~rated that be~des the proteins encoded 
by ~ansforming gene~ receptors of several mito- 
genic growth factors such as the epidermal growth 
factor [3,4] and platelet-defived growth factor [5,6] 
and of hormones such as insulin [7,8] also pos- 
sessed an endogenous tyro~ne kinase activity. 
These observations suggested that tyrosine-specific 
protein kinases might be involved in pepfide 
hormone effects and in processes of cell prolifera- 
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tion. Other tyrosine kinases were recently ex- 
tracmd and partially purified from normM tissues 
such as rat lung [9] and fiver [10,11], blood and 
bone marrow cells [12-15]. Concerning the red 
calls, Dekowski et al. [16] demons~ated that the 
cytosolic fragment of the membrane proton 3 
(FB3) carried a tyrofine refidue which could be 
phosphoryh~d by an endogenous tyroMne kinase 
acfi~ty, and recently Phan-Dinh-Tuy et M. [17] 
ex~ac~d a tyroMne kinase from red call mem- 
brane with a non-ionic detergent. 

The present work was undertaken in an at- 
tempt to complete the knowMdge of the red cell 
membrane protein kinases and to look for the 
pos~ble role of the red call protein 3 tyrofine 
phosphor~afion. 

MmeriMs and M~hods 

~ 

P ~ u N ~  ~ a ,  TyO 6 : 3 : 1, p ~ f i ~ u N ~  
TyO 4 : 1; p~f iLys • HBL ~ ~ u ,  TyO 5 : 6 : 2 : 1, 
insufin, DMSO, p h o ~  ester, heparin, ~ e r ~ -  
~ne  and p ~ y ~ n ~  L-~rin~ b ~ o ~ n ~  bf f ro-  
~ne, ph~pho~r in~  p h ~ p h o ~ o ~ n e  and phos- 
~ o ~  and ~ k ~ n e  p h o ~ h ~ e  from 
~ m  co# were obt~ned from S~ma. 
Pentoxyfifine was a ~fl  from Hoechst. L3-Di- 
p h o ~ h o ~ e ~  was obt~ned from Boehring~. 
HPLC cation exchanger was from Durum  
(DC6A L p h o ~ h ~ u ~  from W ~ ,  and 
wheat germ ~ c f i m S e p h ~ e  from Ph~madm 
URmg~ AcA-~ was from IBF Franc~ [y- 
~ A T P  (3 ~ / m M )  ~ d  [ ~ G T P  (54 ~ / m M )  
w~e from A m ~ a m .  Vanadme (o~ho0 and usuM 
reagents were from M ~ .  

Frepara#on of g h ~  
Blood ~ m ~  from norm~ dono~ or patients 

~e~ed by b~e~ng ~ r  hemochrom~o~s w~e cA- 
lecmd on heparin and used wit~n 24 h. Erythro- 
cytes were washed three times in phospha~- 
buffered saline (pH 8), ~en hem~yzed according 
to Dodge ~ ~. [18] ~ 5 mM phosph~e buf f s /0 .1  
mM PMSF (pH 8). W~te ghos~ were washed 
once in 25 mM Hepes b u f ~ r / ~ l  mM PMSF/0.1 
mM m ~ c a p ~ h ~ n ~ / 0 . 1  mM EDTA (pH 7.6) 
(buf~r A). 

Enzyme extraction 
Ghos~ were extracted with 1 vol. buffer A/0.2 

mM EGTA/I% Triton X-100/l% Nonidet P-40 
for 1 h at 0°C with gent~ st~rin~ They were 
centrifuged for 30 rain at 14000 rpm. The super- 
natant was d~carded and the pellet was extracted 
again. The suspen~on of ghosts was centrifuged as 
above and the supernatant was discarded. The 
pellet was then ex~acted with 1/3 of the initial 
volume of ghosts with 0.25 M NaCI in buffer A 
for 1 h at 0°C with gentle stirring, then centfifu- 
gated at 20000 rpm for 30 min. The supernatant 
was used as the enzyme source (crude extract). 
The activity of the extract remained stable at 
- 7 0 ° C  for several weeks. 

PartiM ~ m e  p ~ t ~ n  

Phospho~llulose ~matography 
A phosphocel~lose c~umn (10 × 1 cm) w~ 

equilibrated wi~ buf~r A/03% N o ~ d ~ / ~ 1 %  
Triton/10% ~ y c ~  ~ u f ~ r  B). 25 ml of crude 
extract w~ch had been ~ y ~ d  o v ~ g h t  ag~n~ 
1000 ml buf~r B were ~aded onto the co~mn. 
~ution w~ p ~ r m e d  wi~ a NaC1 ~a~en t  from 
0.25 to 1 M at a flow rate of 15 ml/h. 3-ml 
fractions were c ~ e d  and enzyme acti¼~ was 
assayed as described bdow. 

Tyrosme ~garose interac#on 
Preparation of ~ne -Sepharos¢  A c t i v ~ n  of 

Seph~o~ 4B with BrCN was p~formed ac- 
cord~g to Ref. 19. Coupfing was done in 0.1 M 
NaHCO 3 buf~r (pH 10.7) allowing for com~e~ 
ffro~ne s o l u b i l ~ n .  12.3 ~m~ ~ro~ne were 
bound p~  ml of g~. Tyro~n~Seph~ose was kept 
in 1 M NaC1 with 0.02% a~de. 

A c~umn of tyrosin~Sepharose (1.5 × 15 cm) 
was eqmfibr~ed o v ~ g h t  with 25 mM Hepes 
b u f f s / 0 . 1  mM m ~ c a p ~ e t h a n ~ / 0 . 1  mM 
E D T A / 0 . 1  mM PMSF/0 .1% Tr i ton /10% 
~ y c ~  (pH 7.~ (buffer C), then loaded wi~ 
about 30 ml of po~ed active fractions from phos- 
phocell~ose chrom~ograph~ p ~ o u ~ y  ~ y z e d  
o v ~ g h t  ag~nst buffer C. Elufion was obt~ned 
by a ( N H 4 ) 2 S O  4 gra~ent from 0 ~ 0.5 M in 
buffer C over 4 h with a flow rate of 20 ml/h. 
3-ml fractions w~e collecmd. Active fractions w~e 
pooled, concentrated up to 10% of i~f i~ v~ume 



by vacuum diNy~s agNng buffer C and kept 
~ozen at - 70°C. 

En~me a ~  ~ s ~  
During ~ assay~ enzyme acf i~y  was 

assayed m 25 mM Mes buffer ~ H  6.5) ~ the 
presence of 5 mM Mn~2,  0.1 mM PMSF, 0.1 
mM EDTA and 5 ~M [ ~ A T P  (fin~ con- 
~ m r ~ o ~  p~s amoums of subsVate and enzyme 
source as ~edfied bdow. When the s ~ e  
used w~ ~e  c ~ o ~  ffagmem ~ band 3 (FB3) 
the reaction ~ x m ~  at a tot~ v~ume of 320 ~1, 
cont~ned 10 ~1 e ~ m e  source and 5 ~1 FB3 ~.5 
m g / ~  in fin~ ~ ~ o ~ .  

Under standard assay con~tions the reaction 
rate ~ t h  ~spe~ to time was finear for at Mast 60 
~ .  

When ~tact or detergenVextracted ghosts were 
used as enzyme source~ the reaction ~ e  was 
incuba~d at 0°C: at t~s ~ m p ~ m u ~  the a ~ y  
of other p r o ~ n  ~ n ~  st~ present in enzyme 
sources was ve~ f i~ted as comp~ed to that of 
• e f f r ~  ~ n ~  Wi~ ~e  p ~ t i ~ y  pur i~d  
en~m~ ~cubation ~ m p ~ u ~  was ~ t h ~  0°C or 
30°C accor~ng to the substrate used. 

The ~ a ~ n  m i ~ e  w~ ~cub~ed ~r  30 min 
and then ~eated u~ng the ~ o ~  m~hods. 
(1) Assay of totM ~ ~  ~ c o w ~ e d  ~to  
the subs~at~ by t r i c ~ o ~ c ~  p ~ # ~ t i o n  as 
p ~ o u ~ y  ~po~ed [2~. 
(2) ~ ~ r ~ c  anMy~s and a u ~ o ~ a p h ~  
by ad~ng SDS and m ~ p ~ h a n ~  ~ a finM 
concemrm~n of 2% SDS and 5 mM m~cap- 
~ h a n ~ .  SampMs were heard and kept at 100°C 
~ r  3 min. ~ v o p h ~ e ~ s  w~  p ~ r m e d  ~ p ~  
~ a m i ~  SDS gd, ~ ~ a 5-15% ~ a m i ~  
~ a ~ e ~  or in 10% ~ a m i d e  gd, ~Ho~ng 
Laemm~s [21] m~hod. Each samp~ was de~ro- 
phoresed ~ dupfic~e: one h~f of the gd was 
~ n e d  by Coom~s~ b~e as described by F ~  
banks et ~. [22] and the other h~f was ~ b ~ d  
to hydr~y~s by 2 M NaOH at 55°C for 1 h. The 
dried gds were a u t o ~ o ~ a p h e d  on Kodak X- 
Omat film ~ t h  Dupon~kronex ~ ~  
screens. 
(3) HPLC p ~ a m i ~  a~d a n ~ s  u~ng 10% 
tr icMoroac~ ~ ~ ~ n ;  the ~ ~  
was washed three times to ~ m i ~  free [~  
n ~ A T ~  dried, and hydr~yzed ~ 6 M HQ at 
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l l 0 ° C  under vacuum ~ r  2 h. The hydr~ys~e was 
evapora~d and ~ v e d  ~ 10 mM dtfic add. It 
w ~  p ~ d  through a HPLC c~umn ~5 × 0.4 cm) 
~ d  with DC6A Durum cation exchanger u~ng 
an adap~t~n of the Capony and Dem~He m~hod 
[23] in which dtric add ~ p ~ c ~  trifluoroacetic 
acid. 

Preparation ~ ~e FB3 ~b~tm~ 
The cy~sol~ ffagmem of band 3 was obt~ned 

from nmm~ e ~ c ~ e  memb~n~ by parti~ 
prme~y~s by the m~hod of Benneu and Sten- 
buck [2~. In S D S ~ y a c ~ l a m i d e  gd de~ro- 
p h o ~ s  this purified ffagmem w~ ~s~ved ~ 
two m~or peptide~ 43 and 41 kDa, and minor 
band~ 30 and 20-25 kDa. 

R e s ~  

Preparatwn of concentra~d ~rosine kinase 
The ex~action of gho~s with non-ionic d e ~  

gent Triton X-100 and/or Nonidet P-40 eliminates 
most of but not all the protein band 3 and about 
two-thirds of the overall membrane ty~osine kinase 
activity involving the insulin receptor beta-sub- 
unit. Following this proces~ the pellet ret~ns 
~gnificant tyro~ne protdn kinase acti¼ty which 
can be extracted by in,easing the ionic s~engtk 
We sdected an NaC1 concentration of 0.25 M 
because it gave a satidactory ex~action and did 
not cause the enzyme inhibition which occurs at 
higher ionic s~ength. 

When the crude extract was passed through a 
phosphoceHulose column under the conditions de- 
scribed in Matefi~ and Methods, tyro~ne kinase 
activity du~d  in a ~ngle peak at 0A7-~53 M 
NaC1 with a yidd of about 80%. Tyrofine kinase 
acti~ty was demon~ra~d with FB3 as a ~ub- 
~rat~ by both the autoradiography of phos- 
phorylated FB3 after gd exposure to NaOH and 
phosphoaminoadd anMyfis ufing HPLC. 

Part of the tyrofine kinase acti¼ty obt~ned 
from the phosphocdlulose chromatography did 
not bind to tyro~n~agarose (about 15%). Two 
peaks were d u ~ d  during the devdopment of an 
SO4(NH4) 2 gradient (Fi~ 1); one minor peak, 
corresponding to about 15% of the tot~ activity 
loaded onto the column, duted at 0.05 M 
SO4(NH4):; a m~or peak containing about 30% 
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Fig. 1. Tyro~n~agarose  chrom~ography.  30 ml of active frac- 
tions e lu~d ~ o m  the phosphocdlulose c ~ u m n  were poured on 
a 1.5×15 cm tyrosine-agarose c ~ u m n  and d u ~ d  with an 
(NH4)2SO 4 concentration gradient from 0 to 0.5 M as de- 
scribed in M ~ e r i ~  and MOhod~ Peak A corresponds to the 
unbound actifity. Active ~actions of peak C were collected 
and concentr~e& 

-~3  ~ 

0 

.~.!  ~ 

of the initi~ acti~ty duted at 0.2 M S O n ( N H 4 )  2. 

Fractions of the m~n peak were collected. After 
des~ting and a 10-fold concentration by vacuum 
di~yfi~ these fractions were confidered as pa~ 
ti~ly purified enzym~ but the levd of proton was 
too low to be reliably measurable. 

In an at~mpt to determine the molecular w~ght 
of the enzym~ a gd fil~ation column of AcA-44 
(100 × 1.5 cm) was loaded with a sample of the 
active ~actions. Less than 10% of acti~ty duted 
in the void volum~ and the rest beyond the tot~ 
volume of the column, ind~ating the presence of 
some infraction between the enzyme and the 
matrix of the gd fiRrafion medium. 

SDS-polyacrylamide gd dec~ophorefis of par- 
ti~ly purified enzyme from a tyrofin~agarose col- 
umn according to Laemmfi [21] in a 10% acryla- 
mide concentration only displayed high molecular 
w~ght comp~xes which did not penetra~ the gal. 

Tyrosme specif i~ of ~e enzyme (Tab& ~ 
The a ~ f f  of ~e  purified enzyme to phos- 

p h o r ~ e  ~rofine was proven by using syn~efic 
subs~a~s dev~d of serine and threo~n~ as pro- 
posed by Braun et ~. [25]. Three ~fferent pepfides 
were used: p ~ G l u N ~  Ala, Ty0 (6 : 3 : 1), pay  
(G~Nm TyO (4 : 1) and p ~ L y s  • HB~ Aim Glu, 
Tyr) (5 : 6 : 2 : 1). The ~ree pepfides were phos- 

TABLE I 

PHOSPHORYLATION OF FB3 A N D  SYNTHETIC SUB- 
STRATES BY PARTIALLY PURIFIED TYROSINE KI- 
NASE 

Enzyme assays were p~fo rmed  as described in M a ~ f i ~  and 
M ~ h o d s  at 30°C  wi& subs~a~s  at the c o n c e n ~ n  of l 
m g / m l  (f in~ concen~ation). Tyrosine p h o s p h o r y l ~ n  of FB3 
was confirmed by HPLC an~yf is  of phosphoamino a~ds  and 
a u ~ o g r a p h y  of po~acrylamide gd  ~ e ~ r o p h o r ~  a~er 
NaOH exposure. 

S u b ~ r ~ e  p m d / m g  

P ~ G I u N m  AI~ TyO 6 : 3 : 1 54 
P ~ G l u N m  Ty O 4 : 1 30 
P ~ L y s .  HB~ AI~ GI~  Tyr) 5 : 6 : 2 : 1 34 
FB3 137 

phorylated but to a differing degree, decreaNng 
from poly(GluNm Ala, TyO to poly(GluNm Ty0 
and pNy(Lys. HBc Aim Glu, Ty 0. Such phos- 
phorylation differences between synthetic sub- 
strates have been reposed pre~ouMy [25]. 

As with many other proteins phosphor~ated 
on thNr tyrofine by tyrosin~specific, protNn 
kinases (such as pp60 v'Src or insuhn recepto0, FB3 
Mso possesses serine and threonine re~dues which 
can be phosphor~a~d by corresponding protNn 
kinases. 

Ufing FB3 as subs~a~, tyrofine spedfidty of 
the partially purified enzyme was demon~ra~d in 
two ways: (1) hydrNyfis of ~P-phosphor~a~d 
FB3 and subsequent anMysis of hbelled pho~ 
phoaminoadds by high performance hquid chro- 
matography; (2) SDS-pNyacrylamide gd dec~o- 
phorefis of ~P-phosphoryla~d FB3 fNlowed by 
autoradiography of gds with and without pre¼ous 
exposure of gd to NaOH. The autoradiographic 
method showed th~ FB3 phosphorylation was 
Mkali~esi~ant and therefore supported by pho~ 
photyrofine; by HPLC anMyfi~ Nmost all of the 
radioacti~ty corresponded to phosphotyrofin~ 
with traces of h b d ~ d  phosphosefine and phos- 
phothreonin~ Because of the great senfiti~ty of 
phosphotyrofine to aNdic hydrolysis in compari- 
son to the rdafive refinance of phosphosefine and 
phosphothreonin~ the method is not reM~ quan- 
titative and entails an underestimation of the 
phosphotyrofine levd; in experimentM conditions 



traces of phosphosefine and phosphothreonine are 
in fact negligible. 

Function~ properti~ of ~e enzyme 
Effea of ions (Fig. 2). The ~rofine ~nase acti~ 

ity ~ q d ~ s  the presence of Mn ~ ÷ with an optim~ 
concen~ation of 5 mM. Mg ~+ cannot substitute 
for Mn~÷: in the presence of 5-20 mM Mg ~÷ and 
5-500 #M ATP the enzyme acti¼~ was on~  
10-13% of that obt~ned at Mn ~+ and ATP con- 
centrations ~ n g  maf im~  a c t i ~ .  

Enzyme a c t i ~  was not influenced by Na ÷ 
and K ÷ ions at ~ w  concentrations. Howeve~ con- 
c e n ~ n s  ~gher  than 0.3 M decreased enzyme 
a c f i ~ ;  at 0.5 M NaCI there was a 30% ~ -  
fion, increasing with ~ c  ~ n ~ h .  

Affinity for A TP and FB3 (Figs. 3 and 4). Affin- 
i ~  for FB3 was ~ u ~ e d  at four FB3 concentra- 
tions form 0.465 to 4.65 #M and four ATP con- 
centrations from 0.125 to 0.8 #M in the presence 
of 10 mM MnCle. The M~haelis constant c~cu- 
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Fi& 2. Mn ~ + dependence of tyrofine kinase acfifity. - -  
enzyme activity in the presence of various Mn 2+ concentra- 
tions; - - - - - ,  enzyme activity in the presence of the same 
Mg 2 ÷ concentrafion~ 
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la~d from LineweavevBurk p ~  was 3.3 #M 
(0.143 mg/mlL 

A f f i ~  for ATP was ~ u ~ e d  at four ATP 
concentrations from 0.125 to 0.8 gM and four 
FB3 concen~afions from 0.465 to ~65 #M ~ the 
presence of 10 mM MgCI:.  The M~haelis con- 
stant c ~ c ~ a ~ d  from the inverse p ~  was 0.55 
#M. 

GTP was very poorly used as compared to 
ATP; with [ ~ G T P  enzyme a c t i ~  was flower 
than 5% of that obt~ned under con~tions ~ n g  
the maf im~ v d o o ~  with ATP. K~5 GTP was 
about 500 #M. 

Effe~ of m s u ~  phorb~ ~ epidermd grow~ 
favor and DMSO. Most of the function~ proper- 
ties of the enzyme were determined ufing partially 
purified enzyme and FB3 as the substrat~ How- 
ever, we used intact and /o r  Triton-ex~acted 
ghosts when ~ e  studied prope~y could depend on 
a membrane ~cepto~ In such case~ membran~ 
or de~rgen~ex~ac~d ghosts were incubated with 
the ~u&ed substance prior to performing auto- 
phosphorylation. C o n u ~ s  were done for each 
samp~. D~ergen~ex~ac~d ghosts p~¼ouf ly  
incubated with the substance were used as enzyme 

{ 
~ 1, 
> 

f / ~ ~ ~ 
FB3 ~M ~ 

\ 

f Ll5 2 4 B ~M -1 ATP 

~g. 3. Lineweave~Burk plot of i~d~ v ~ i ~  as a ~ n ~ n  ~ 
ATP concentradon ~ th  FB3. ~ ~465 #M; ~ 1.~63 ~M; ~, 
2.32~ FM; ©, ~6~0 FM. The inset (top) ~ows a r e ~  ~ the 
or~na~ ~ r c e ~ s  versus ~e rec~roc~ of the FB3 concentra- 
don. 
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7 j , I 
~2~ 2 ; ~ 

ATP~H ~ 

~- 

- -  

[ 
I -  

~ 0 S ,  s oi~ 0:~ ~s 
FB3 ~H ~ 

~ 4. ~ n e w ~ B ~ k  ~ of ~ i ~  v ~ o ~  as a func~on of 
the FB3 conccn~ation with AT~ ~ ~ 1 ~  #M; ~ 0.25 ~M; a, 
0.5 ~M; O, 0.8 ~M. The in~t (~p) ~ows a ~ of ~c 
orange m ~ e p ~  versus the ~ W ~  ~ ~e ATP conccnV~ 
~on. 

source when FB3 was used as a subs~at~ 
Over~l phosphorylation was a~ayed as in 

M a ~ f i ~  and M~hods and h b d e d  phosphotyro- 
fine was de~rmined by HPLC. 

As shown in Table II, we did not find a s~nifi- 
cant effect of insuli~ phorbol ester and epiderm~ 
growth factor on tyrosine phosphor~ation of in- 
l a~  membranes, tf i ton-ex~ac~d ghosts and FB3. 
DMSO at a concen~ation of 15% inhibi~d 32p 
incorpor~ion into membranes and FB3. 

Effe~ of oanadate (Tab& III). In order to study 
the effect of vanadate on the red cell tyrofine 
kinas~ we performed experimen~ of whole mem- 
brane phosphorylation with o~hovanada~ (30 ~M 
in f in~ concen~ation) added to the reaction mix- 
ture and in the presence of tither Mn ~÷ or Mg 2÷. 
The reaction time was 5 and 30 min, respectivdy; 
overall resul~ were taken and tyrosine phosphory- 
lafion was d~ermined as described above. In the 
presence of Mn ~+ vanadate did not increase 32p 

incorporation in membrane prot~n~ and h b d ~ d  

TABLE lI 

EFFECT OF INSULIN, PHORBOL ESTER, DMSO A N D  
EGF ON THE OVERALL PHOSPHORYLATION OF RED 
CELL MEMBRANES 

Red call ghos~ were incubated wi~  ~ther  ~ s ~  (30 ~ g / m l  
at 0 ° C  for 30 min) or phorb~  e~er (200 n g / m l  in ~2% 
DMSO), EGF (1 ng /mlL  DMSO (15% over 15 min), ~ e n  
au~phosphory l~ed  for 30 min in the presence of 5 mM 
MnClz.  The incubation was performed at 0 ° C  to fimit ~ e  
sefine and threonine ~ n a s ~  acfiv~y. 32p incorpor~ed in phos- 
phmyro~ne  was measu~d  by HPLC as ~ c ~ e d  in M ~ e f i ~  
and M~hods .  

O ~ r ~  HPLC 
p h o s p h o ~ h t ~ n  [ ~ ~ p h ~ p h ~  
~ m ~ / m D  ~ m f i ~  

( ~ m )  

Con~ol  85 828 
+ Insulin 85,5 836 
+ Phorbol 82,7 907 
+ DMSO 49,3 232 
+ EGF 87,5 824 

phosphotyrosine was not modified. On the con- 
Vary, vanadate increased overall phosphorylation 
1.54old in the presence of Mg2÷; autoradiogra- 
phies of gds showed this increase to be predomi- 
nant at the band 3 ~vd ;  labelled phosphotyrofne 
coun~d by HPLC was increased at Last 4-fold in 
comparison with the con~ol without vanadam. 
However the activity of the purified enzyme was 
not modified by vanadate concen~ations ~om 30 
to 100 ~M in the presence of tither Mn 2+ (10 
mM) or Mg 2+ (20 mM). 

Effea of po~ammes. The effect of two poly- 
amines, spermidine and po ly ly fn~  on the whole 
membrane autophosphorylation was tested at 0°C 
in the presence of tither Mn ~+ or Mg2+; phos- 
phoryla~d substrates were identified by SDS- 
polyacrylamide gd elec~ophoresis and autoradi- 
ography and ty rofne  phosphorylation was de- 
tec~d on gds u~ng the ~kali resistance of pho~ 
photyro~n~ Overall phosphorylation and phos- 
phorylated substrates r e p a ~ i o n  were unchanged 
in the presence of polyamines and Mg 2+. In the 
presence of Mn 2+, both polyamines inhibi~d 
tyrosine phosphorylation of band 3 protdn. In- 
hibition was stronger with spermidine than with 
pol~y~ne.  

Effea of hepad~ As we have briefly ~epo~ed 



TABLE III 

EFFECT OF VANADATE ON THE WHOLE MEMBRANE 
AND TYROSINE PHOSPHORYLATION IN THE PRE~ 
ENCE OF Mg 2+ AND M~ + 

Vanad~e ~ c ~  ~ f i n e  pho~ho~lation ~ ~e p ~ n c e  of 
Mg 2+. 

+ MgO 2 + Mn~ ~ 
(10 raM) (5 raM) 

Mem~anes control, 
- o~hovanada~ 634 pm~/mg 

Mem~anes 
+ o~hovanadate 798 pmd/mg 

Pho~hotyrosine peak 
(HPLC) 
- o~hovanadate 160 cpm 
+ or~ovanad~e 805 cpm 

1~ pm~/mg 

97~ pm~/mg 

dsewhere [38], heparin ~ N ~  the ~nase  act i~ff ;  
it was a non-competitive ~ t o r  with ~ s p e ~  to 
the FB3 pepfide and acted as a competitive ~ b i -  
tot with respect to ATP. 

Effe~ of m~hy~an~es. 0.5-10 mM p e n t ~  
xyfiline O ,7 -&m~hyl - l (oxohexy l )xan t~nO was 
added to the assay mi~ure  in ~ e  presence of 
part iM~ purified enzyme and 1 m g / m l  (f in~ con- 
cen~ation) FB3: ~ e  xan t~ne  derivative &d not 
m o ~  the FB3 ffrofine phosphorylation, at ~ast  
~ the concentration range used. 

I00 

5~ 

| • • , • , i 

1 3 5 10 

ACTIVITY % 

~ M  
m 

2-3 DPG 

Fig. 5. Inhibition of tyrofine kinase activity by increased 
2,3-diphosphoglycerate concentrations. 
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Effea of L3-diphosphoglycera~ (Fig. ~. 2,3-~- 
phospho~yce ra~  ~ a potent in~bi tor  of cas~n 
~nase  II in e ry thr~d calls ~ 7 - 3 ~ .  We observed 
that it was ~so  an i n~b~or  of the red cell ~rof ine  
~nase:  in the presence of saturating concentra- 
tions of ATP (5 ~M) and FB3 (0.45 m g / m l ~  50% 
~ b i t i o n  was ob t~ned  with 5 mM L ~ d i p h o ~  
p h o ~ y c ~ e  and 90% with a 12 mM concentra- 
tion. 

A pos~ble interaction b~ween L ~ d ~ h o ~  
p h o ~ y c ~ e  and ATP was studied by plotting the 
inverse of the reaction rate versus L ~ p h o ~  
p h o ~ y c ~ e  c o n c e n ~ i o n s ,  ~ o m  0 to 7.5 mM, at 
four ~ f ~ r e n t  ATP concentrations ~ o m  &125 to 1 
~M. It appears that ~hibit ion was non-competi- 
tNe w i ~  respect to A T ~  with an ~ t i o n  con- 
stant of 1.9 mM. A p o s ~ b ~  interaction b~ween  
2 , 3 - ~ p h o s p h o g ~ c ~ e  and FB3 was ~ u ~ e d  in 
the same manner by plotting the ~ v e r ~  of the 
reaction rate versus L 3 - ~ p h o s p h o ~ y c e r ~ e  con- 
centrations ~ o m  0 to 9 mM at four ~ f f ~ e n t  FB3 
concentrations from 0.02 to 0.2 mg/ml :  in~bif ion 
was ~so  non-competitive with respect to FB3, 
with a K~ of 2 mM (not shown). 

Howev~  h is wo~h noting that FB3 is in ~rec t  
contact with the cy tos~  and that the 2 ,3 -~pho~ 
p h o ~ y c ~ e  ~h i~ f ing  concen~afions are very 
dose  to p h y ~ o ~ c ~  vMu~. 

Absence of md ceil actin phosphorylation. Act i~  
spectrin and p ro ton  4.1 constitute the e~entiM 
p ro ton  comp~x of the red cell membrane skde- 
ton. Muscle actin is a substrate for pp60 ~-~ 
[31-33] and insulin ~cep tor  [3~. We ~ m p ~ d  to 
p h o s p h o r ~ a ~  purified p~ymerized red cell mem- 
brane actin with red call tyro~ne ~ n a s ¢  70 ~g 
purified actin were added to the assay mixture 
with detergent-extracted ghosts as an enzyme 
source. After a 30 rnJn ~ c u b ~ n  at 0°C, ghos~ 
were removed by centrifugation: the supernatant 
was counted for r a ~ o a c t i ~ f f  and s u b m ~ d  to 
po~acrylamide gd  e~c~ophore~s  and au tora~-  
ography. Under these experimen~l conditions 
purified red cell acfin was not phosphoryl~ed.  

D i s c u s s i o n  

At least two tyrofine-specific protein kinase 
activities were present in the red cell membrane: 
one in the insulin receptor beta-subunit and the 
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othe~ phosphorylating the intern~ or cytosolic 
fragment of band 3 protein. One pa~ of these 
acti~fies can be ex~ac~d ~om ghosts by nonAon~ 
detergents (Triton X-10~ Nonid~ P-40) and the 
other rem~ns bound to the membrane pellet a f a r  
de~rgent ex~acfion. We have solubilized the latter 
a~er discarding the de~rgent extract to avoid 
con~mination by the insulin receptor subunit and 
phosphatidylinositol kinases. 

In order to perform our ~udies in conditions as 
dose as posfib~ to p h y f i ~ o ~ c ~  ones we chose 
the ~olated cytosol~ fragment of pro ton  3 as a 
subsgate rather than synthetic subsga~s. This 
fragment can be prepared in large quanfifie~ It is 
a very convenient and inexpenfive subs~ate for 
tyrofine kinase a~ i~ ty  determination. 

The properties of the tyrofine-spedfic p ro ton  
kinase phosphorylating the cytosol~ fragment of 
membrane band 3 p ro ton  distinguish it deafly 
from other membrane tyrofine kinases, espedally 
with regards to the acti¼ty linked to the insulin 
and hormone receptor .  

Recently Phan-Dinh-Tuy ~ ~. [17] reposed  on 
the pa~iM purification of a tyrofin~spedfic pro- 
t~n kinase cont~ned in the detergent extract of 
human red blood cell membrane [26]. While this 
detergent extract includes the insufin recepto~ the 
properties of the ex~acted enzyme were very di~ 
ferent from those of this receptor tyrofine kinase 
acfi¼ty. The authors noticed the absence of the 
~imulating effect of insulin and epiderm~ growth 
factor as we did ou~dves.  However the phos- 
phocell~ose chromatography pat~rn  and kinetic 
properties are different from those of the enzyme 
bound to the pel~t of de~rgen~ex~ac~d ghosts. 
A comparison of this tyrofine kinase with the one 
that we studied is difficult because the substrates 
used in ~ o  and the expefiment~ conditions were 
different. It is po~ ib~  that both enzymes are 
different; more fikely, the red cell tyrofine kinase 
exists in two forms: one freely extractable by 
detergents and the other firmly attached to mem- 
brane protons and only ex~acted at relatively 
high ionic s~ength. The constant presence of high 
molecular w~ght complexes in our preparations 
seems to argue in favor of such a hypothesis. 
These high molecular w~ght complexes, which are 
present in crude extract and phosphocellulose 
chromatography ~acfion~ cont~ned ~ycopro- 

teins ~ained by the periodic add-Schiff reaction. 
Dissodation of the high molecular woght com- 
plexes by dialysis against a low ionic s~ength 
buffer was accompanied by a parallel loss of en- 
zyme activity and the appearance of a protein 
migrating as band 3 on polyacrylamide gel electro- 
phorefis. It seems that we obtained the enzyme 
hnked to protein 3 and that this linkage is neces- 
sary for the activity to remain. It could be sug- 
gested that the protein-linked enzyme activity is 
the physiologic~ for of the enzyme. 

When appfied externally to cultured cells, 
vanadale mimics the effects of growth factors such 
as EGF, F G F  [35] or insulin, with which it seems 
to act synergefically [36]. In the same way, the 
spedfic activity of the tyrofine kinase of pp60 v-~ 
is enhanced in cells cultured in the presence of 
vanadium [37]. 

Our results confirmed that membrane tyrofine 
phosphorylation is increased in the presence of 
vanadate and Mg 2+ but that the mechanism is not 
direct stimulation of the tyrosine kinase suggested 
in some cases [38]. A phosphatase inhibition by 
vanadate and Mg 2+ seems to explain our result~ 
as it explains the modification of phosphorylation 
of pp60 ~rc observed in cells cultured in the pres- 
ence of vanadale [37]. 

Recent reports ~om several laboratories have 
shown that polyamines are involved in controlfing 
various types of protein kinase activities [39,40] 
and that the polyamine effect is counteracted by 
Mg 2+ [41]. We observed that polyamines inhibited 
FB3 phosphorylafion by tyro~ne kinase in the 
presence of Mn 2+. The mechanism of this inhibi- 
tion could be an interaction of polyamines tither 
with the polyanion~ structure of the band 3 
NH~terminal  peptide or with the enzyme itselL A 
phosphatase activation could also be suggested 
[421. 

Methylxanthines interact with phosphorylation 
of proteins: they are potent inhibitors of cyclic 
nucleotide phosphodiesterase and of some kinases 
such as phosphatidylino~tol kinase [43], thymi- 
dine kinase [44] and casNn kinase II [45]. They 
also interfere with the insulin receptor [46]. It has 
been suggested that some tyro~ne-speNfic protNn 
kinases act as phosphatidylino~tol kinases [47]; it 
was therefore of intere~ to test the effect of 
methylxanthines on the red blood tyro~ne kinase 



a c t i ~ f f .  W e  & d  not  f ind any ~ r a ~ n  between 
p e n ~ x y f i f i n e  and ~ r o ~ n e  ~ n a s ~  T ~ s  ~ s d t  s u ~  
gests that  the ~ r o ~ n e  ~ n a s e  ~ f ~  f rom the red 
cell p h o s p h a f i d ~ o ~ m l  ~ n a ~  w ~ c h  is ~ s o  ex- 
t r a ~ e d  f rom ghosts at r e l a t i vdy  ~ g h  i o ~ c  ~ n p h  
[48]. 

If the ~ r o ~ n e  phosphory la t i on  of  p r o t o n  3 
p lays  a p h y ~ o ~ c ~  r ~ e  it is very l ~ d y  t h ~  t ~ s  
phospho ry l a t i on  is under  the c o n t r ~  of a regu- 
la tory  m e c h a ~ s m .  T ~ s  may  ~ v ~ v e  the ~ r e c t  
e f f e ~  of ~ m ~  and  a ~ N ~ o ~  upon  the en- 
zyme and a d e p h o s p h o r ~ a f i o n  process  under  the 
ac t ion  of  p h o s p h o ~ r o ~ n e  pro te in  p h o s p h a m ~ s .  
W ~  tittle is known abou t  the phosphory la t ion -  
d e p h o s p h o r ~ a t i o n  eq~f ib f ium,  the phosphory la -  
t ~ n  ~ r y  r ~ e  of  Z 3 - ~ p h o s p h o ~ y c ~ a ~  may  
be suspe~ed ,  ~ it is ~ r  ~ e  c A M P - ~ d e p e n d e n t  
p ro te in  ~ n a s e  of  red cell c ~ o s ~ .  The ~ r  
effect of p ~ y a m i n e s  ~ the presence of Mn ~+ 
c o d d  ~ s o  be con~dered .  

D e p h o s p h o r y l a t i o n  of  FB3 p ~ o u ~ y  phos-  
p h o r y l ~ e d  by  our  t ) ros ine  ~ n a s e  with [ ~ A T P  
was e a ~  o b t ~ n e d  wilh  ~ k a l i n e  p h c s p h ~ a s e  ~ o m  

~ co6 ~ n ~ u ~  p H  ( n ~  shown); ~ h ~ m o ~ ,  we 
recent ly  d e m o n ~ r a ~ d  that  the red cell a d d  phos-  
pha tase  is a p h o s p h o ~ r o ~ n ~ s p e o f i c  pro te in  
p h o s p h ~ e  ~ ,  but  o ther  works  are still neces- 
sary  to def ine ~ e  r ~ e  of  band  3 f f r o ~ n e  phos-  
p h o r ~ a t i o n .  
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