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Differential Stimulation of PKC 
Phos~horvlation of Potassium 

Channels by ZIPl and ZIP2 
Jianping Gong, Jia Xu,* Magdalena Bezanilla,vika van Huizen, 

Rachel Derin, Min Lif 

Targeting of protein modification enzymes is a key biochemical step to achieve 
specific and effective posttranslational modifications. Two alternatively spliced 
ZIP1 and ZIP2 proteins are described, which bind to  both KvP2 subunits of 
potassium channel and protein kinase C (PKC) 5, thereby acting as a physical 
link in the assembly of PKCS-ZIP-potassium channel complexes. ZIP1 and ZIP2 
differentially stimulate phosphorylation of KvP2 by PKCj. They also interact to 
form heteromultimers, which allows for a hybrid stimulatory activity to PKCj. 
Finally, ZIP1 and ZIP2 coexist in the same cell type and are elevated differen- 
tially by neurotrophic factors. These results provide a mechanism for specificity 
and regulation of PKCS-targeted phosphorylation. 

Protein phosphorylation is important for the 
regulation of neuronal excitability and many 
other non-neuronal processes. Phosphorylation 
of ion channels, \\!hich could change channel 
expression as well as lunetic properties. is 
thought to be one of the key regulatory mech- 
anisms of membrane excitability (1). The exis- 
tence of signaling colnplexes containing both 
ion channels and closely associated protein ki- 
nases and phosphatases has been inferred from 
biochemical and electroph~~siological shldies 
(2). Such ion channel-lunase/phosphatase 
complexes are thought to provide the necessary 
macromolecular organizatio~l for signaling 
specificity and regulation (3, 4). Many ion 
channels are phosphorylated by serine-threo- 
nine kinases such as PKC and PICA (5). The 
mechanisms for targeting the specificity and 
regulatillg the activity of PKC or PICA to ion 
channel protei~ls are not \\!ell understood. 

Potassiun~ channels are impoi-tant for con- 
trolling neuronal excitability (6). Shaker-type 

potassium channels have been implicated in 
associative memory in model systems (7). 
The auxiliary KvP subunits specifically inter- 
act with a subset of Kvoc subunits, which, in 
some cases, results in modulatory effects (8- 
10). The mammalian KvP2 is an abundant 
subunit found in both excitable and nonexcit- 
able cells. and the native neuronal Shaker- 
type potasslum channel has an estimated stoi- 
chiometry of (Kvoc),(KvP), (11). 

To identify proteins that filnctionally in- 
teract with potassium channels. a yeast two- 
hybrid library made kom rat hippocampal 
inRNA was screened against full-length 
KvP2. The interacting clones include multi- 
ple partial cDXA fragments of KvP2 (12). In 
addition, we found two cDNA fragments. 
B20 and B24, encoding two previously un- 
known KvP2-binding proteins. Sequence 
comparison of full-length cDNAs sho\ved 
that B20 and B24 are identical except for a 
stretch of 27 residues missing in B24. Al- 
though B24 has never been reported, B20 - 
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(PCR) to amplify DNA covering the putative 
splicing site, thereby producing DNA fkag- 
rnents of distinct sizes (15). Reverse transcrip- 
tion (RTFPCR using rat cerebellum mRNA 
amplified two DNA fragments (Fig. lC, lane 
5 ) .  They possessed the same mobility as the 
PCR products obtained using cloned ZIPl and 
ZIP2 as templates and coiresponded individu- 
ally to the coding sequences of ZIPl and ZIP2 
(Fig. lC, lanes 2 through 4). These data provide 
evidence that ZIPl and ZIP2 resulted fkorn 
alternative splicing, and both transcripts are 
present in the brain. The two forms contain a 
number of protein domains suggestive of their 
biochemical features (Fig. 1. A and B). The 
NH,-terminal acidic motif is a novel domain 
homologous to a segment of CDC24 in yeast. 
They were found in diverse proteins of evolu- 
tionarily distant species ranging fkom bacteria 
to m a m ~ ~ a l .  All share a characteristic sequence 
pattern of (Y;TIJ)XDXXGD(L!F) (V!I). The 
zinc finger domain contains three CXXC motifs 
and a DYDL signature (16, 17). Both PEST 
and ubiguitin associated (UBA) domains are \ ,  

involved in regulation of protein turnover by 
either coding protein stability or directing pro- 
teins to degradation pathways. In addition, the 
PEST sequence is implicated in interaction with 
calmodulin (18). 

ZIP was identified fkom rat brain cDNA 
library; but its expression was not restricted to 
the ne~vous system. A 69-1D polypeptide was 
detected in all tissues tested (Fig. ID). Different 
fkom most tissues. reeions in the central ner- - 
vous system gave rise to two bands, 69 and 66 
kD. both of which could be completely blocked 
with purified GST-ZIP1 fusion protein (19). 
The sizes of the two polypeptides are consistent 
\\it11 those of ZIPl and ZIP2, although we 
cannot rule out that the two species result fkom 
differential posttranslational ~nodifications. RT- 
PCR was employed to detect the expression and 
relative ratlo of ZIPl and ZIP2 transcripts In 
nonexcitable tissues. ZIPl \\?as present in sig- 
nificantly higher amounts than ZIP2. \\!hereas 
in regions of the central nelvous system, the 
ZIPl/ZIP2 ratio was closer to 1 (Fig. ID, lower 
panel). The expression of the ZIP proteins \\?as 
also temporally regulated. In the cerebellum. an 
area with a high expression level of ZIP (Fig. 
2C), the expression of the ZIP proteins peaked 
at postnatal day 13 (Fig. 1E). The two ZIP 
polypeptides differed both in expression level 
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and in relative amount during postnatal devel- 
opment. RT-PCR also detected an increase of 
ZIPl transcripts (Fig. lE, lower panel). 

The yeast two-hybrid method was em- 
ployed to M e r  test the interaction among 
ZIPs and various potassium channel subunits. 
The formation of the a-fi complex of potassium 
channels is mediated by the T1 domain of 
Kvla subunits and the conserved core regions 
of Kvp - subunits (8, 10). ZIPl and ZIP2 inter- 
acted with both KvPl and KvP2, but not with 
the NH,-terminal domain of the Kvla subunits 
of ShB (NShB) (Fig. 2A), which contains the 
KvP binding site. This suggests that ZIP b ids  
to potassium channels via the KvP subunits. 
ZIPl and ZIP2 interacted both homomerically 
and heteromerically (Fig. 2A). Nondetergent 
soluble protein complexes from rat brain con- 
taining ZIP migrated with a Stoke's radius larg- 
er than 6.1 X lo-' m which corresponds to a 
640-kD globular protein (20). The purified 
GST-cdc homology domain of ZIP alone be- 
haved as an oligomer (13). 

To directly demonstrate the interaction be- 
tween KvP2 and ZIP, we tested for binding of 
GST-ZIPS expressed in Escherichia coli to HA- 
tagged KvP2 expressed in mammalian tissue 
culture cells by incubating the GST-ZIP1-Affi- 
gel or GST-ZIP2-Affigel resin with an excess 

amount of HA-KvP2 (15). While the control 
GST-PDZ3-Affigel resin displayed no detect- 
able binding (lanes 6 and lo), both GST-ZIP1- 
Affigel and GST-ZIP2-Affigel precipitated the 
HA-tagged KvP2 (lanes 7 and 1 1) (Fig. 2B). 

The ability of ZIP to interact with both 
PKCS and KvP2 led us to hypothesize that 
ZIPs act as a link in the PKCS-ZIP-KvP2 
complex. Sequential horizontal sections of rat 
brain were probed by in situ hybridization 
with either sense control (right panels) or 
antisense (left panels) probes of KvP2, ZIPl, 
and PKCS (Fig. 2C). Their mRNA localiza- 
tion was overlapping, especially among py- 
ramidal cells in the hippocampus and Purkinje 
cells in the cerebellum, where transcripts for 
the three proteins were found to be more 
concentrated than in other parts of the brain. 

Immunoprecipitation was carried out us- 
ing detergent-solubilized protein lysate pre- 
pared from adult rat cerebellum. Antibodies 
specific to KvP2, ZIP, and PKCC were used 
to precipitate protein complexes. Each anti- 
body was capable of precipitating protein 
complexes containing KvP2, ZIP, and PKCS. 
In contrast, translin, an unrelated protein 
abundant in the cerebellum, was present in 
the crude soluble lysate, but none of the 
antibodies was able to precipitate it. ZIPl is 

PKC PKC PKC * 
"AS:.7W\(l. : G Y L F a R E I  RRPSFL'7SPT P F A F M G S  

r n e u m d e a y w  
PC=: LSl)':h '.'LFP\LRPCG FC 

Dorna~n F~nqe; L T I V ~ ~ S Y C ? ~  DIFRXYIKEX KECRREY'SE CA~E.L>SY.JH 

Fig. 1. (A) A schematic C FWJ 

diagram showing the 1 2 3 4 5  SYLILFXPFG .+I.sPs:~Iv.~.R :.i =~vLY+;u~ it;?,-,.,-vs-p 
R q l o n  AD-1 In ZIP2 

domain organization of GNW:PRPPRA GKRPCPTAE O- 
P t S T  S,l, I 

the ZIP protein. (B) Pri- 
mary structure of ZIP1 -$PEGAGE GPAC; + . . l - . . t i .  ;.I 
and ZIP2. Putative pro- PEST SIR I1 

tein kinase C sites are 
marked with an aster- 
isk The orotein domains 
and the'27-amino acid 
regions lacking in ZIP2 D P8* 8 8 E 
are highlighted. (C) RT- 8 &k~a~&+s",836&&0$4 a 9- a 9* &= 8 84- Q* dP& 
PCR identification of 
ZIP1 and ZIP2 tran- m5 
scripts (75). PCR prod- 
ucts were separated on es 
polyacrylamide ge l  The 66 - *--On- o- - . - - 
DNA templates are 1 
cloned cDNAs of ZIP1 
(lane 2) and ZIP2 (lane 3s 

3), a 1:1 mixture of a 

Lar mRNA (lane 5). (D) % 
lmmunoblot detect~on 
of one or more ZIP proteins from tissues. Total protein extracts from the indicated tissues were prepared 
and 100 p g  of protein from each tissue were loaded. The ZIP polypeptides were detected with rabbit 
anti-ZIP antibody (8, 26). In most tissues, a 69-kD polypeptide was detected. The signal could be 
specifically blocked with purified GST-ZIP1 protein. Lower panel, RT-PCR detection of mRNA from the 
indicated tissues was carried out as described in (75). The ZIPlJZIPZ ratios are shown at the bottom. (E) 
Identical amounts of cerebellar protein extracts from different days of postnatal rat were prepared and 
separated on SDS-PAGE and followed by immunoblot detection using anti-ZIP antibody. The postnatal 
stages of each sample are shown on the top. The ZlPllZlP2 ratios are shown at the bottom. 

thought to bind specifically to PKCS (13). 
Consistent with the results, PKCPII could not 
be precipitated by any of the above antibodies 
(Fig. 2D). Although the stoichiometry of the 
KvP2-ZIP-PKCS complexes is not known, 
within the soluble fraction of cerebellar ex- 
tracts the 69-kD species was coimmunopre- 
cipitated more efficiently, suggestive of a 
potential binding difference of the two ZIP 
polypeptides to KvP2 and PKCC. 

Complementary DNAs encoding KvP2 
and PKCC were expressed as HA-tagged 
fusion proteins in mammalian COS7 cells 
cultured in phosphate-free media (21). Sol- 
uble protein lysates of either PKCC or 
KvP2-transfected COS7 cells were pre- 
pared, mixed, and precipitated with anti- 
HA monoclonal antibody. Activation of 
PKCS in the presence of [33P]-y-ATP in- 
duced basal phosphorylation of the KvP2 
subunit. When purified, recombinant GST- 
ZIPl was added to the reaction, the KvP2 
phosphorylation was stimulated by more 
than ninefold, while GST-ZIP2 showed less 
than twofold stimulation (n = 5, Fig. 3A). 
Using myelin basic protein (MBP), a com- 
mon experimental substrate of the PKCS 
enzyme, similar levels of MBP phosphoryl- 
ation were found in the presence or absence 
of GST-ZIP1, GST-ZIP2, or a control GST 
fusion protein, GST-PDZ3 (Fig. 3B). Thus, 
the ZIP-mediated stimulation of PKCC is 
substrate-selective, presumably restricted 
to the ZIP interacting proteins such as 
KvP2. The ratios of the ZIPl and ZIP2 
messages varied significantly among dif- 
ferent tissues, suggestive of a distinct func- 
tion for ZIPl and ZIP2. Indeed, GST-ZIP1 
is significantly more potent than GST-ZIP2 
in its ability to stimulate KvP2 phosphoryl- 
ation. The time course of their activity 
could be best fit with two exponential time 
constants (Fig. 3C and legends). 

Under fixed amounts of KvP2 and PKCS, 
the phosphorylation of KvP2 was measured 
with increasing concentrations of purified 
GST-ZIP1 or GST-ZIP2. The EC,, values of 
GST-ZIP1 and GST-ZIP2 were comparable: 
1.3 + 0.4 pM (n = 4) and 2.1 + 0.4 pM 
(n = 4), respectively. In contrast, the maxi- 
mal stimulation by GST-ZIP1 was 7.4-fold 
higher than that by GST-ZIP2. ZIPl and 
ZIP2 behaved similarly in binding to KvP2 
and PKCS as tested in the yeast two-hybrid 
system (Fig. 2A) (13). The differential stim- 
ulation could thus result from their potential 
different binding affinity influenced by dif- 
ferential posttranslational modifications of 
ZIPl and ZIP2 as suggested by the coimmu- 
noprecipitation experiments (Fig. 2D). 

ZIP-mediated stimulation showed a repro- 
ducible decline phase following the peak 
stimulation at high concentrations of GST- 
ZIP. The maximal ZIP-mediated stimulation 
was neither enhanced nor reduced by the addi- 
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tion of the same or a higher concentration of a 
control GST-fusion protein such as GST-PDZ3 
of PSD-95, indicating that the decline phase did 
not result from an excess of GST. Other sup- 
portive evidence includes that changes of inputs 
of PKCS or KvP2 induced a shift of ZIP con- 
centration for the maximal stimulation of the 
KvP2 phosphorylation (22). These data are 
consistent with the notion that the ZIP-mediated 
stimulation was achieved through the formation 
of a stoichiometrically defined reaction com- 
plex involving PKCS, ZIP, and KvP2. Thus, 
instead of reaching saturation, the higher con- 
centration of ZIP would disrupt the optimal 
ratio for a functional PKCS-ZIP-KvP2 com- 
plex, for example, by assembly of less active 
forms of oligomeric ZIP. 

ZIPl and ZIP2 are two alternatively spliced 
transcripts with distinct ability to stimulate 
the phosphorylation of KvP2. The ratio of 
these two messages may be regulated in re- 
sponse to hormone stimulation and may thus 
be a way to modulate the intracellular phos- 
phorylation level. Neurotrophins, such as nerve 
growth factor (NGF), are involved in regula- 
tion of synaptic plasticity and ion channel 
activity (23). PC12 cells respond to NGF 
stimulation (24), providing a model system to 
test the hypothesis. 

The mRNAs of both ZIPl and ZIP2 in 
PC12 cells were detectable in the absence of 
NGF. In the presence of NGF, the ZIPllZIP2 
ratio increased from 0.2 to 1.0 within 24 hours 

Fig. 2. (A) Summary of the yeast two-hybrid test. 
Transformants with both CAL4-DB and CAL4-TA plas- 
mids were selected and allowed to  grow in His media. 
Growth (+) and no growth (-) are indicated. The 
P-galactosidase activity is tested using X-gal, where 
blue was observed within the first 30 min (indicated 
by +++) and within the first 2 hours (++). (B) 
Affinity binding of CST-ZIP1 or CST-ZIP2 to the HA- 
KvPZ. Soluble lysates (lane 3) from HA-KvPZ trans- 
fected cells were incubated with Affi-gel cross-linked 
with CST-ZIPI, CST-ZIP2, or control CST-PDZ3 of 
PSD95 (27). The unbound (lanes 4, 5, 8, and 9) and 
bound (lanes 6, 7, 10, and 11) materials were sepa- 
rated on SDS-PACE and detected with anti-HA anti- 
body. The samples are marked on the top of gel. (C) 
In situ hybridization detection of mRNAs encoding 
KvPZ, ZIPIIZ, and PKCS (28). Horizontal sections of 
adult rat brain were hybridized with DIG-labeled an- 
tisense (left panels) and sense (right panels) probes. 
The various ribo-probes were generated using full- 
length cDNAs as indicated on the left. (D) Antisera 
against CST fusion proteins of KvP2 and ZIP1 were 
generated and affinity-purified. In immunoblot anal- 
yses, these two antibodies and commercial anti-PKCS 
antibody detected polypeptides of KvP2, ZIPIIZIPZ, 
and PKCS of predicted sizes. The immunoblot signals 
could be blocked by the corresponding antigens (29). 
Coimmunoprecipitation was performed using adult 
soluble cerebellar extracts (30). The antibody-precip- 
itated materials were separated by SDS-PACE fol- 
lowed by the immunoblot detection. Each lane is 
identified by antibody that was used for precipitation. 
The starting material, soluble cerebellar extract, was 
also loaded for comparison. (Right) Antibodies used in 
immunoblot. (Left) Molecular size standards. 

(Fig. 4A). At the protein level, the expression of tio of 69 kD to 66 kD increased from 0.1 in the 
ZIP was increased by approximately 30-fold. absence of NGF to 0.8 after 72 hours of the 
Upon NGF stimulation, the signal for the puta- stimulation. In contrast, at the protein level 
tive 66-kD ZIP2 intensified, which was accom- KvP2 showed almost no change and PKCS 
panied by an increase in the 69-kD putative showed only a modest change in response to 
ZIPl polypeptide (Fig. 4B). Consistent with the NGF stimulation (Fig. 4B). These results 
changes in the ZIPl/ZIP2 mRNA ratio, the ra- show that both ZIPl and ZIP2 were present in 

Fig. 3. Stimulation of A B 
PKCS phosphorylation Mock + + - - - - 

Mock + - - - - - -  W 3 P - t  + + + +  of the KvP2 subunit. 
HA-KVBP - + + + + + + 

HA-PKCC - - + + + + 
(A) In vitro phospho- 

HA-pKCc - - + + + + + 
GST-ZIP1 - - - + - - 
GST-ZIP2 - - - - + - 

rylation of KvPZ. Anti- GST-ZIPI - - - + - + - GST-PDZ3 - - - - - + 
HA precipitated KvP2 GST- ZIP^ - - - - + + - 
and PKCS were tested GST-PDZ3 - - - - - - + 
for phosphorylation in MW - 1 0  1 7  1 0  1 1 1 2  

the presence of 1 FM C 
purified CST proteins 

Em-"' 
(27). The phosphoryl- 
ated proteins were vi- - -___ - 
sualized by autoradiog- g 0.6 
raphy. The protein in- 
puts for each reaction 
are listed on the top of GST- ZIP^ 
the gel. The KvP2 sig- 
nal was quantified by 
phosphoimaging, nor- O o  20 40 60 BO IM) 
malized against KvP2 Time (minutes) 
signal in the absence 
of PKCS and CST fusion proteins, and listed at the bottom. (B) Phosphorylation of myelin basic 
protein (MBP) was carried out using the procedures (27). (C) ZIP-mediated differential stimulation 
of the KvP2 phosphorylation by PKCS. The time course of KvP2 phosphorylation was performed as 
described (27) except that the reaction was carried out at 4OC in the presence of 1 p M  purified 
CST-ZIP1 and CST-ZIP2. The data were best fit with two time constants T, and T, in the equation: 
A[l-exp(-WT,)] + B[l-exp(-tl~,)]. For CST-ZIP1 (n = 3), A = 0.33 + 0.040, B= 0.69 + 0.037, 
T, = 1.3 + 0.35 min and 7, = 26 + 3.9 min; for CST-ZIP2 (n = 3), A = 0.12 + 0.037, B = 0.10 + 
0.059, 7, = 40 + 34 min and 7, = 4.3 + 3.0 min. 
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the same cell type, suggesting the potential 
for the formation of heteromultimers and reg- 
ulation of stoichiometry of the ZIP1-ZIP2 
heteromultimers. 

Phosphorylation of Kvp2 was assayed 
with increasing concentrations of purified 
GST-ZIP1 supplemented with fixed concen- 
trations of GST-ZIP2. In the presence of 
GST-ZIP2, the overall EC,, value gradually 
shifted to the lower concentration of GST- 
ZIPl (Fig. 4C). For example, when a fixed 
amount of 1 p M  GST-ZIP2 was included, the 
EC,, value of GST-ZIP1 reduced by approx- 
imately 10-fold, from 1.3 5 0.4 p M  (n = 4) 
to 0.18 t 0.05 p M  (n = 4) (Fig. 4C). GST- 
ZIP2, by itself, did show stimulatory activity, 
although at a considerably lower level. Figure 
4D compares experimental data of GST-ZIP1 
+ 1.0 p M  GST-ZIP2 with a simulated curve 
obtained by digital addition of the signal of 1.0 
p M  GST-ZIP2 to signals of GST-ZIP1 at dif- 
ferent concentrations. Both the reduction of 
EC,, and the shape change of the dose response 
curve indicate that the stimulatory activity was 
not a result of linear addition of activities con- 
tributed independently by ZIPl and ZIP2. The 
heteromultirneric interactions detected between 

ZIPl and ZIP2 by the yeast two-hybrid test 
(Fig. 2A) were consistent with the notion of a 
functional interaction between GST-ZIP1 and 
GST-ZIP2. 

Our results suggest that ZIP acts as a 
link that targets the activity of PKCC to 
KvP2. ZIPl and ZIP2, two alternatively 
spliced protein products, possess distinct 
activities in stimulating PKCC phosphoryl- 
ation of KvP2. Their ability to interact with 
each other to form homo- and heteromulti- 
meric complexes provides an explanation 
for the synergistic stimulatory activity seen 
only in the presence of both ZIPl and ZIP2 
(Fig. 4C). The regulation of ZIP activity in 
various tissues and cell types is not limited 
to the differential temporal and spatial ex- 
pression; the ZIPllZIP2 ratios are also tis- 
sue-specific. Furthermore, the ratio of ZIPl 
and ZIP2 within the same cell type is dy- 
namically regulated in response to stimula- 
tion by neurotrophic factors. 

Redistribution of PKC proteins upon hor- 
mone stimulation is a key step involved in 
specifying and activating PKC activity (25). 
Our data suggest that one of downstream 
steps after PKC translocation may involve 

Fig. 4. (A) RT-PCR results using untreated and NCF-stimulated PC12 cells. PC12 cells were treated with 
NCF and collected at 24, 48, and 72 hours after treatment (37). Bottom: ZIPlIZIP2 ratios of 
corresponding lanes. (B) lmmunoblot analyses of KvP2, ZIP112, and PKCS proteins. Identical amounts 
(100 kg) of total protein were loaded from untreated and NCF-stimulated PC12 cells collected after 
different times as indicated. Bottom: Primary antibodies used for the detection. (C) Stimulation of the 
KvP2 phosphorylation by CST-ZIP1 in the presence of fixed concentrations of CST-ZIP2 protein as 
indicated (n = 4). (D) A simulated curve (solid line) was created by adding the signal of CST-ZIP2 at 1 
p M  with the signals of CST-ZIP1 at different concentrations. The curve is plotted with the experimental 
data under the same conditions. 

specific and dynamic assembly of protein 
complexes critical for the translation of hor- 
monal signals into targeted covalent modifi- 
cations. The identification of ZIPS and their 
biochemical function has provided a mecha- 
nism by which the PKC phosphorylation po- 
tential to an ion channel protein can be reg- 
ulated and finely tuned transcriptionally and 
posttranslationally. 
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In Vivo Protein Transduction: 
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Protein into the Mouse 
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Delivery of therapeutic proteins into tissues and across the blood-brain barrier 
is severely limited by the size and biochemical properties of the proteins. Here 
it is shown that intraperitoneal injection of the 120-kilodalton P-galactosidase 
protein, fused to  the protein transduction domain from the human immuno- 
deficiency virus TAT protein, results in delivery of the biologically active fusion 
protein to all tissues in mice, including the brain. These results open new 
possibilities for direct delivery of proteins into patients in the context of protein 
therapy, as well as for epigenetic experimentation with model organisms. 

Currently: efficient delivery of therapeutic ample, is generally restricted to small (six 
compounds, peptidyl mimetics, and proteins amino acids or less), highly lipophilic pep- 
into cells in vivo can be achieved only when tides (1). Gene therapy (2) is one promising 
the molecules are small-typically less than method for circumventing this problem, but 
600 daltons (I).  Delivery of bioactive pep- conditions for high-efficiency targeting and 
tides across the blood-brain barrier, for ex- long-term protein expression have yet to be 

discovered. 
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therapy, to address this problem. In this method 
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