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Bcr is a part ner of Abl in re cip ro cal translocation t(9;22) which leads to Phil a del phia chro mo some for ma -
tion. In the pres ent study we an a lyzed Bcr PH do main func tions and de ter mined lipid spec i fic ity of PH do -
main in vi tro. The tech ni cal ap proach for de ter min ing PH do main pro tein-pro tein in ter ac tions us ing
mass-spec trom e try was de vel oped. In ter ac tions with SMC1, â-tubulin, zizimin1 and PLCå were con firmed
in vi tro and in vivo.
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In tro duc tion. Phil a del phia chro mo some first de tected
in pa tients with chronic myelogenous leu ke mia is a
marker of Ph’-pos i tive leukemias [1]. Ph’ chro mo some 
is a prod uct of re cip ro cal translocation
t(9;22)(q34;q11) [2] which causes bcr-abl gene for ma -
tion and can cer de vel op ment [3]. Breaks hap pen in re -
gions called M-bcr, m-bcr and µ-bcr [4] and hy brid
gene for ma tion leads to myeloid or lym phoid leu ke mia. 
De pend ing on bcr break three forms of Bcr-Abl pro tein
ex press (p190, p210 and p230 Bcr-Abl). p190 and
p210 Bcr-Abl cor re spond to dif fer ent leu ke mia type.

In the fo cus of our re search is the re gion be tween
two break points M-bcr and m-bcr that con tains DH and
PH do mains (fig.1). PH do main is lipid bind ing do main
and also takes part in pro tein-pro tein in ter ac tions. We
cloned PH part of bcr gene and an a lyzed re com bi nant
PH pro tein lipid and pro tein bind ing spec tra in vi tro.

Bind ing to sev eral of the de ter mined pro teins was con -
firmed in vivo.

Ma te ri als and meth ods. DNA con structs. PH re -
gion was ob tained by RT-PCR. 648 b.p. PCR frag ment
was cloned in frame with 6xhis-tag into pET32a vec tor
for bac te rial ex pres sion [5]. DH and DHPH frag ments
were syn the sized by PCR on p210 Bcr-Abl con struct
kindly pro vided by Dr.N.Heistercamp (Chil dren’s Hos -
pi tal, Los An geles USA). 685 b.p. and 1169 b.p. frag -
ments were cloned into pRK5-myc vec tor. All con -
structs were con firmed by au to matic se quenc ing.

Iden ti fi ca tion of PH do main bind ing pro teins by af -
fin ity chro ma tog ra phy. PH pro tein was ex pressed in
E.Coli strain BL21 DE3 and pu ri fied on Ni-NTA col -
umn (Qiagen, USA) ac cord ing to man u fac tures pro to -
col. Col umn with bound PH pro tein was used for pro -
tein-pro tein in ter ac tions de tec tions. In case of
lipid-pro tein in ter ac tions de tec tion the re com bi nant
pro tein was eluted. The pro tein con cen tra tion was 1.5
mg/ml. Ra dio ac tively la beled  K562 cell lysate was pre -
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pared ac cord ing to [6]. PH pro tein bound col umn was
loaded with 0.5 ml of K562 lysate and in cu ba tion was
per formed dur ing 12 hours at +4C. The pro tein con cen -
tra tion was 1 mg/ml. Af ter the in cu ba tion and wash ing
sam ples were an a lyzed by 2D elec tro pho re sis. pET32a
empty vec tor pro tein was used as a neg a tive con trol.

Anal y sis of PH do main pre cip i tated pro teins. Pro -
teins were sep a rated by 2D elec tro pho re sis with 3-9 pH
gra di ent. Ra dio ac tively la beled K562 pro teins were de -
tected on Fuji X2000 scan ner with AIDA soft (IMG
GmbH, Ger many). Spots were ex cised from the gel,
trypsinized and an a lyzed by MALDI TOF mass spec -
trom e try (Bruker Bi flex, Bruker Daltonics, Ger many).
Pep tide mass spec tra were iden ti fied by Pro Found pro -
gram. 

Study ing PH do main bind ing by pro tein
immunoprecipitation as say. HEK293T cells were
transfected with DH or DHPH ex press ing con structs
and a proper tar get pro tein (zizimin1 or PLCe). pCMV
vec tor for PLCe-flag tag ex pres sion was ob tained from
Dr. M.Jo seph (ICR, UK). pEF4-HA-zizimin1 was a gift 
of Dr. L.McNamara (Uni ver sity of Vir ginia, USA). DH 
con struct was used as a neg a tive con trol with out PH do -
main. DH and DHPH pro teins were myc-tagged on
N-end , zizimin1 was HA-tagged and PLCe was
flag-tagged for the de tec tion pur poses.
Immunoprecipitation was per formed by us ing anti-myc 
an ti bod ies ac cord ing to [5].

PH pro tein lipid bind ing anal y sis. Hy dro pho bic
PIP StripsTM mem brane (Ech e lon, USA) with im mo bi -
lized lipids was used for the iden ti fi ca tion of PH bind -
ing pro teins. Mem brane was blocked by TBS-0.1%
Tween-20 so lu tion with 3% fatty acid free BSA. In cu -
ba tion was per formed dur ing 12 hours at +4C. Re com -

bi nant PH pro tein was de tected with anti-his an ti bod ies
(1:3000) and sec ond ary peroxidase con ju gated
anti-mouse an ti bod ies (1:10000) (Clontech, USA).

Re sults. Lipid spec i fic ity of PH do main. For the
lipid de tec tion we used preloaded mem brane with 15
hu man lipids. To ex clude un spe cific vec tor se quence
bind ing pro tein ex pressed from empty vec tor was used
as a neg a tive con trol. Ex per i men tal data sug gest that
PH do main binds to phosphatidylinositol
monophosphates PI(3)P, PI(4)P and PI(5)P. (fig.2).

Iden ti fi ca tion of K562 pro teins that bind to Bcr PH
do main. K562 cells were grown in [35S]-methionine 
me dium there fore all K562 pro teins were ra dio ac tively
la beled and could be dis tin guished from bac te rial pro -
tein con tam i na tion af ter Ni-NTA pu ri fi ca tion. Af ter the 
com par i son of the two gels (fig.3) spots cor re spond ing
to K562 pro teins were ex cised and trypsinized. We
iden ti fied 23 pro teins that po ten tially bind to Bcr PH
do main. Each of the de tected pro teins should be ver i -
fied by pro tein-pro tein bind ing as say in vi tro or in vivo. 
For the fur ther ex per i ments we’ve cho sen SMC1
(struc ture main te nance of chro mo somes), b-tubulin,
zizimin1 and PLCe pro teins. 

Bcr PH do main binds to SMC1 and b-tubulin in vi -
tro. Ni-NTA col umn with bound re com bi nant PH pro -
tein was used for study ing PH as so ci a tion to SMC1 and
b-tubulin pro teins. K562 cell lysate was in cu bated with
PH pro tein on Ni-NTA col umn. Af ter wash ing sam ples
were sep a rated in SDS-PAAG and trans ferred to
nitrocellulose mem brane. En dog e nous pro teins were
de tected by spe cific an ti bod ies anti-SMC1 (1:150) and
anti-b-tubulin (1:200). We con firmed bind ing to both
pro teins (fig.4). Empty vec tor pro tein was used as a
neg a tive con trol.
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Fig.1 Bcr pro tein do main or ga ni za tion. DH –Dbl homology do main, PH –plecjstrin homology domian, C2 –Ca2+-bind ing do main, GAP
–GTPase ac ti vat ing pro tein homology do main.



Bcr PH do main pre cip i ta tion to PLCe and zizimin1
in vivo. Con struct with both DH and PH do mains was
used for the immunoprecipitation as say. DH do main
con struct was used as a neg a tive con trol with out PH do -
main. Pro teins were ex pressed in HEK293T cells in
pRK5-myc vec tor. Cells were transfected with
pEF4-zizimin1 (or pCMV-PLCe) and cor re spond ing
pRK5-myc vec tor (con tain ing DHPH or DH re gions).

36 hours af ter transfection cell lysates were an a lyzed by 
immunoprecipitation. Bcr PH do main bind ing to both
PLCe and zizimin1 was con firmed (fig.5). PLCe is a
mem ber of phospholipase fam ily and cat a lyze hy dro ly -
sis of phosphatidylinositol-4,5-bisphosphate into sec -
ond mes sen gers diacylglycerol and
inositol-1,4,5-trisphosphate [7]. Zizimin1 is a mem ber
of DOCK180 fam ily and pos ses GEF (gua nine nu cle o -
tide ex change fac tor) ac tiv ity due to its DHR-2 (DOCK
homology re gion-2) do main that re minds DHPH tan -
dem ter tiary struc ture [8]. In trigu ing is the fact of PH
do main presence in both pro teins. It’s sug gested that
some pro teins oligomerize through their PH do mains
thus, the in ter ac tion of Bcr PH do main with PLCe and
zizimin1 could be due to the PH do mains.

PH do main fam ily is widely pres ent in hu man pro -
teins. Around 10% of PH do mains pos ses high af fin ity
to phosphatidylinositols that have un even cell dis tri bu -
tion de pend ing on organelle kind. Lipids bind to spe -

cific effectors and in such way en gage sig nal pro teins.
PI(4)P is a com po nent of Golgi mem brane, PI(3)P is
found in early endosome mem branes and PI(5)P is de -
tected in nu clear cy to plasm [9]. There fore, bind ing of
PH do main to in ter nal cell mem branes could lo cal ize
the pro tein and mod ify its func tions.

Lit tle is know about PH do main pro tein-pro tein in -
ter ac tions. Us ing of cell lysate pro tein bind ing to im -
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Fig.2 Bcr PH do main lipid bind ing anal y sis. 1- lysophosphatidic
acid (LPA), 2 –lysophosphocholine (LPC), 3 –PI, 4 –PI(3)P, 4
–PI(4)P, 5 –PI(5)P, 7 –phosphatidylethanolamine (PE), 8
–phosphatidylcholine (PC), 9 –sphingosine-1-phos phate (S1P), 10
–PI(3,4)P2, 11 –PI(3,5)P2, 12 –PI(4,5)P2, 13 –PI(3,4,5)P3, 14
–phos pha tid ic acid (PA), 15 –phosphatidylserine (PS), 16 –blank.

Fig.3 2D elec tro pho re sis sep a ra tion of pro teins pre cip i tated on Ni-NTA col umn. a  –neg a tive con trol (pro tein ex pressed from empty
pET32a vec tor), b –pre cip i ta tion by re com bi nant PH pro tein.



mo bi lized re com bi nant pro tein and fur ther proteomic
anal y sis is a pow er ful tech nique. Bcr PH do main was
shown to bind cell pro teins of high in ter est. Thus, Bcr
or p210 Bcr-Abl could po ten tially act in var i ous sig nal
path ways.

Con clu sions. Bcr PH do main binds to PI(3)P,
PI(4)P and PI(5)P and high af fin ity bind ing could af fect 
Bcr or p210 Bcr-Abl pro teins lo cal iza tion. Bcr PH do -

main was first shown to take part in pro tein-pro tein in -
ter ac tions. Sub se quent anal y sis of PH do main func tion
as a part of Bcr or p210 Bcr-Abl pro teins could help in
un der stand ing Bcr-Abl sig nal path ways, its im pact on
hemopoietic stem cells dif fer en ti a tion and Ph’-pos i tive
leu ke mia pro gres sion.
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Fig.4 Bcr PH do main binds to SMC1 (a) and b-tubulin (b) in vi tro. A: 1 –mo lec u lar weight marker, 2 –K562 cell lysate, 3,5 –PH do main pre -
cip i tated pro teins, 4,6 –con trol. (West ern blot: anti-SMC1 1:150, anti-his 1:3000, sec ond ary anti-mouse an ti bod ies 1:10000). B: 1 –mo lec u -

lar weight marker, 2 -PH do main pre cip i tated pro teins. (West ern blot: anti- b-tubulin 1:200, anti-his 1:3000, sec ond ary anti-mouse an ti bod -
ies 1:10000

  

Fig.5 Bcr PH do main binds to PLCe (a)
and zizimi1 (b) in vivo. A: 1 –293T cell

lysate (con trol), 2 – PLCe-flag, 3
–DH-myc, 4 –DHPH-myc, 5 –DH-myc+

PLCe-flag, 6 –DHPH-myc+ PLCe-flag.
B: 1 –293T cell lysate (con trol), 2 –
DH-myc, 3 – DHPH-myc, 4 –
zizimin1-HA, 5 – DH-myc+
zizimin1-HA, 6 – DHPH-myc+
zizimin1-HA.



Ä. À. Ìè ðîø íè ÷åí êî, À. Í. Äóá ðîâ ñêàÿ, Ã. Ä. Òå ëå ãå åâ, 
C. C. Ìà ëþ òà

Îïðå äå ëå íèå ñïå öè ôè÷ íîñ òè áåëêîâî-ëè ïèä íûõ è áåëêîâî-

áåë êî âûõ âçà è ìî äå éñòâèé ÐÍ-äî ìå íà áåë êà Bcr, ñâÿ çà ííî ãî 

ñ õðî íè ÷åñ êîé ìè å ëî èä íîé ëåé êå ìè åé

Ðå çþ ìå

Áå ëîê Bcr ÿâ ëÿ åò ñÿ ïàð òíå ðîì Abl ïî ðå öèï ðîê íîé òðàíñ ëî êà -
öèè t(9;22), ïðè âîäÿùåé ê îá ðà çî âà íèþ ôè ëà äåëü ôèé ñêîé õðî -
ìî ñî ìû. Ïðî à íà ëè çè ðî âà íû ôóíê öèè ÐÍ-äî ìå íà Bcr.
Îïðå äå ëå íû ëè ïè äû, ñ êî òî ðû ìè ñâÿ çû âà åò ñÿ ÐÍ äî ìåí in
vitro. Ðàç ðà áî òàí ïîä õîä ê âûÿâëåíèþ áåë êî âî-áåë êî âûõ âçà è -
ìî äå éñòâèé ÐÍ-äî ìå íà ìå òî äà ìè ìàññ-ñïåê òðî ìåò ðèè. Ïîä -
òâåð æäå íî ñâÿ çû âà íèå ÐÍ-äî ìå íà ñ áåë êà ìè SMC1,
b-òó áó ëèíîì, zizimin1, PLCe in vitro è in vivo. 

Êëþ ÷å âûå ñëî âà: Bcr-Abl, ÐÍ-äî ìåí, ìàññ-ñïåê òðî ìåò ðèÿ.
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