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=, o] F17F IQGAP19] CaM Zgtel] T3 AT drtar LdefA it o] e] A5 S8l 4719
IQ ¥9] BF Ca*/CaM#e] Aol THolalar, 1Q39) IQ4= Ca*o]l AF=A ¥ Ao CaM$! proCaM
Agtoll ¥ dohar G A vk e, ol zhzke] 1Q F-eleke] Aol CaMI HA A1 A g}l
2], oy the ©hl o] wizhshe A ARIA LA JA Fskrh wEbA, E AFellA =
IQGAP19] ZHzke] 1Q 919} CaM®] A9 A2 o= Lotr 7] Gal in vitrodl| X AL B3trh 21
Az}, SuEAE o] Axeh= thZ2A 419 1Q F9] FollA 1Q3= oPIdE Ca™-H]ejEd CaMZE
Fdol s WA =AU, IQ1E oFsF Ca¥-o]&A CaM AFA 0] ASS ¢Al =t vhid, t&
1Q FSIE Camzte] AFHol b7t §-S HlSkAk E, 7122 1Q 39 0|9l 102.73)%
1Q(3.5-4.4) 7917} ev] )= CaM Z @A 0] AeS &R1sHA H At whebr, £ A7 23} CaMo] 1QGAPI
& 7129 waske e P 28 5 Ag Bl U8 W HT, M2 AT 9 5
42 531 1QGAPISH CaMe] Aol Pl Aeistael dJelg AT & Y EdE vRiskich
Abstract: IQ motif-containing GTPase-activating protein 1 (IQGAP1), which is a well-known Ca**-independent
calmodulin (CaM) binding protein, is involved in various cellular functions such as cell proliferation and cell
migration. IQGAP1 has four repeated 1Q motifs, which are crucial for CaM binding. It has been shown that
all four IQ motifs of IQGAPI1 can bind to Ca®*/CaM, while the third and fourth IQ motifs of IQGAP1 can
bind to apoCaM. However, it has not been clear whether the CaM binding of 1Q motifs of IQGAP1 was mediated
directly or indirectly. In this study, we examined whether the binding between CaM and each 1Q motif of
IQGAPI1 was direct in vitro. As a result, we found that IQ1 motif has a weak Ca**-dependent CaM binding.
In contrast, IQ3 has a Ca’"-dependent CaM binding. All other motifs have no significant CaM binding. We
also found that 1Q(2.7-3) and 1Q(3.5-4.4) have CaM binding capacity. This finding indicates that 1Q motifs
of IQGAPI plays a dynamic role via different motif interactions with Ca?*/CaM or proCaM.
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7HE IQGAP1F CaMe] A4S F71417)1 2, o] 83t
Z7}7} GTP7F 239 CDC429} IQGAP1Y] ZAgH &
EAE A Ed L=
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2.1. DNA H&}
pGEX4T-19] Ztzte] 1Q F-912 Adtas e 5
3 4 ¥, dEs %}Tﬁﬂ F AE WEHE MBS
J<S B8] GSTIQI, 1Q2, 1Q3, IQ42 A &t Th
=R AHEE o2 DNASY ek RE o)A =
ol Awrwlo] ek

fru

22. M= uik

HEK293T A2+ 10% FBS+Penicillin/streptomycin
+ DMEM Hj ol A 37 °C(w/ 5% CO,) A E vl %7)
5 ol g3 wgsislr.

2.3. CaM 4B pul-down OAM[O]

In vitrolA] CaM 4B pull-down A& <934
IQGAP19] Zt7he] 1Q F-¢1°ll sl gsh= #-91& GST
AEjo] %71 ¥, E coliol WEAAZ F AukH el Wy

2 olgal AAlstel AT, o)FA EF 27te] 1Q
B hlAS X AFEAGS0 mM Tris-HCI (pH
7.5), 150 mM NaCl, 1% BSA, 1% Triton-X 100, protease
inhibitor cocktails (Roche), 2 mM CaCl,(*:+= 5 mM
EGTA))°ll 30 uL CaM 4B bead$} 411 A1 4°CollA] 2
A Ak A ©1F, beadE 22 IX AHE
AS o] &3] 3 washingS 33 1X SDS sample

bufferS ¥ YUAEE](14000 rpm, 2, 1)E beadS
HAAAA e dett ol F FEde FHa oz
A719%& 313, coomassie blue FAH O = thilz o

gl st
HEK293T lysateE ©]-&-%F CaM 4B pull-down 23
9] 7%, lipofectamine 2000 (Invitrogen)S ©]-&-3 z}
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Zte] §X A5 HEK293T Al 2o =fsto] bz
S WA AT} Transfectiond 2441 7F %o 1X Ag&
M (50 mM Tris-HCI (pH 7.5), 150mM NaCl, 1% BSA,
1% triton-X 100, protease inhibitor cocktails (Roche),
2 mM CaClL (]2 5 mM EGTA)ol ¥ Al XE &
3 stk Al EZAF-91E Eelste] BCAH S ol&
3 A A s A siivh @] E3kE A
XA g 30 uLe] CaM 4B beadE 23 4 °ColA
A7 Ft A A AT o] F, beads 2 IX AF
£olg o]&3] 3 washingsle] 1X SDS sample
bufferS Y3 elutiond}Ath o] % F&NS FHaf ol
2 A7195S dt3, GFP A S |83 western
blottinge 5~ 5} th.

2.4. Western blotting
A8 SFHAEE 10-12% poly-
acrylamide geloll 717] 95 ¥ 0.45 um nitrocellulose

Western blotting=

membrane®| transferd] Th. =2 ¥, membraneS TBS
(25 mM Tris-HCI (pH 7.5), 150 mM NaCl, and 0.01%
Tween 20)° 5% A EFE ¥ &A= blocking
S 31tk ol%F 12} FAEE anti-GFP AbS 22|81,
o] x}&A = goat anti-mouse IgG—horseradish peroxidase

conjugates ©] &3, Tl 218 ]3] ECL
(Amersham)2- ©]-&3}th.
3. &1 9 nF
3.1. h virodlM IQGAP1LHS] Ztzte] 1Q ¢

=9 CaM Z&

ol Aol BaLE wpell o5t IQGAPI Wl
ZA8= 419 1Q 9 BF Ca¥/CaMol] 2T
3kal, o1 % 3WA, 494 1Q F-9& Ca*o] AjE A
- FEiRl proCaMzt Agtgttar deA Stk o1
g, o8 ¥ ATE COS AEo] full-lengthe]
IQGAP1E AN & A EW 9 extractS ©]-&3}o]
ATE TN W2, 1Q F A7 CaMol
A=A, ofH™ COoS A E thE Tijdse] 4
& wiEiA, CaMzt AdFet=R ol tiEiA Els)
I AFetet A ok wERA, A=
o]E7H] A AFH LR Rl Hﬁﬂ in vitro®
A CaM A% 18Tt

ol& ¢I3ll, A GST fusion A|=8-& o] &3] A
ollA ZHzte] 1QF-91Ee] TS wdste] A st
Aot AE GST fusion THEES 7212 CaM 4BE
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Fig. 1. Characterization of CaM binding of each single 1Q
motif of IQGAP1 using CaM 4B pull-down in vitro.
(Upper) A schematic representation of 1Q motif of
IQGAPI. Each line represents the coverage of the
construct. (Lower) In vitro CaM binding of purified
single 1Q motif of IQGAP1 fused to GST from E.
coli using CaM 4B pull-down. GST-IQ1 and GST-
1Q3, but not GST-IQ2 and GST-IQ4 showed CaM
binding. Bound proteins levels were visualized using
coomassie blue staining.
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Fig. 2. Characterization of CaM binding of each single 1Q motif of IQGAP1 using CaM 4B pull-down in HEK293T cells.
CaM binding of overexpressed single 1Q motif of IQGAP1 fused to EGFP in HEK293T cells using CaM 4B pull-
down. Similar to CaM binding in vitro in Figure 1B, EGFP-IQ1 and IQ3 but not I1Q4 showed Ca*"-dependent CaM
binding. On the contrary, EGFP-IQ2 showed significant CaM binding, which is slightly Ca*"-dependent. Bound proteins
were visualized by immunoblotting using anti-GFP antibody. HEK293T cell lysates expressing EGFP-1Qs proteins were
equally divided and incubated with CaM 4B at 4 °C for 1 hr in binding. Each experiment was typically repeated at

least three times to obtain convincing results.

(Fig. 2). 1Q #$17} fusion® EGFP-IQ1$} 1Q3¢} 1Q4
= CaM3 AFsHS 81e 4= ATk Fig 29014 =
AAX] R0l o]Ee] AL in viro} H]S:Etth. EGFP-
Q19 A$E °F&tA Cca?/CaMz}t 2 3laL, EGFP-
1Q4= CaM3 A3 AgstA] ko™ EGFP-IQ3&
ouidE Ca¥-o&4 A S BT wEhA, oy
gk AP S FelA A8, 1Q1-> CaM oFgh
Ca™ 0|4 A S 23, 1Q4= CaMe] Aol
oL, ¥HE 1Q3E Ca*-o|&EA CaM#e] A¢eE S 7zt
I ASES S Ak 2y, 1Q29] A= in vitro
A|A= CaMo] A% 3] &Udd AF Azel= o
27| HEK293T Al Eo|A = Ca?™-H|9EA CaM 2
o] e E B FAH(Fig 2). ZRTHA, in vitrool A
= AdstA %E 1Q27F o1 ¥ Al HEK293T Al 3£
A CaM 4B9} AEE 4= A7 ¥ E CaM#e] 4
el GSTS} EGFPe] &S &3] wiAlg 4= §l
A"}k, EGFP-1Q2% HEK293TAH E oAl CaM 4Bz} 2
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A 1Q2
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Fig. 3. CaM binding of 1Q (2.7-3) and IQ (3.5-4.4) in HEK293T cells. (A) A schematic representation of the IQ motif of IQGAPI.
Alignment of amino acid sequences of each constructs. The arrow indicates a point mutation to Asp (D) or Ala (A).
(B) CaM binding of overexpressed IQ motifs of IQGAP1 using 3xFLAG-hCaM IP. EGFP-IQ (2.7-3) showed Ca**
independent CaM binding. On the other hand, EGFP-IQ (2.7-3(A10)), and 1Q (2.7-3, Dy,) did not show any CaM binding
in 3XFLAG-hCaM IP. EGFP-IQ (3.5-4.4) showed Ca’*-dependent CaM binding. Meanwhile, EGFP-IQ (3.5-4.4, D;),
and 1Q (3.5-44, AAA) did not show any CaM binding in 3xFLAG-hCaM IP. Bound proteins were visualized by
immunoblotting using an anti-GFP antibody. Each experiment was repeated three times.

Analytical Science & Technology



IQGAPIW ol EA3}+=1Q

< ASsHA Rtk wEbA, HEK293T Al Z oA
EGFP-IQ(2.7-3)% W& A|#A CaM 4B pull-downg ©]
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