UNIVERSITY OF CALGARY

Characterization of a novel interaction between the Ca**-
binding protein S100A11 and the Ca®*- and phospholipid -
binding protein annexin A6 of smooth muscle

by

Ning Chang

A THESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES
IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR
THE DEGREE OF MASTER OF SCIENCE
DEPARTMENT OF BIOCHEMISTRY & MOLECULAR BIOLOGY
CALGARY, ALBERTA

MAY, 2006

© Ning Chang 2006



UNIVERSITY OF CALGARY
FACULTY OF GRADUATE STUDIES

The undersigned certify that they have read, and recommend to the Faculty of Graduate
Studies for acceptance, a thesis entitled “Characterization of a novel interaction between
the Ca*"-binding protein SI00A11 and the Ca*'- and phospholipid-binding protein
annexin A6 of smooth muscle” submitted by Ning Chang in partial fulfilment of the

requirements for the degree of Master of Science.

Dr. Michael P. Walsh, Department of Biochemistry and Molecular Biology

Dr. S. R. Wayne Chen, Department of Physiology and Biophysics

Dr. Justin A. MacDonald, Department of Biochemistry and Molecular Biology

Dr. Hans J. Vogel, Department of Biological Sciences

Date

il



Abstract

S100A11, an EF-hand-containing Ca*'-binding protein, undergoes a conformational
change upon binding Ca*", with exposure of a hydrophobic surface for interaction with a
target protein(s). A novel Ca*"-dependent interaction between S100A11 and the Ca*'-
and phospholipid-binding protein annexin A6 of smooth muscle was identified by affinity
chromatography, gel overlay, co-sedimentation with liposomes and chemical cross-
linking. The expression of SI00A11 and annexin A6 in smooth muscle was confirmed by
RT-PCR and Western blotting. S100A11-binding sites were identified in both N- and C-
terminal domains of annexin A6 by deletion mutagenesis and partial tryptic digestion.
The unique N-terminal head region of annexin A6 was not required for Ca**-dependent
binding to SI00A11. The S100Al1l-annexin A6 interaction, which was disrupted by
phosphorylation of SI00A11 at Thr9 by Ca**-dependent protein kinase C, may play a
role in control of membrane-cytoskeleton connections, which are necessary for force

development, and/or control of formation of signaling complexes at the sarcolemma.

il



Acknowledgements

I wish to extend sincere thanks to my supervisor, Dr. Michael P. Walsh for his invaluable
guidance and encouragement, to my Supervisory Committee, Dr. Wayne Chen and Dr.
Justin MacDonald for their critical advice and to Dr. Hans Vogel for his contributions as
a member of my Thesis Examination Committee. Special thanks also to the members of

the Walsh laboratory for all their friendship and help.

Finally, I would like to thank my wonderful family and friends for their constant and

never-ending love and support.

v



TABLE OF CONTENTS

THELE PAZE...e ittt ettt ettt et et te e ebe et e et aeebbeenbe et e e b eeeaaeeebeenneas i
APPIOVAL PAZEC....oooniiiiiicii ettt ettt b e et et et aeeaae e il
ADSEIACE. ...ttt e ettt e eh e sh ettt ea e et eaeeees il
ACKNOWIEAZEMENLS. ..ottt ettt es et es et es s ee v
Table  Of  CONLENES.....ceiiiiiiiiiieeiie ettt et sttt e et bt e e v
LSt OF FIUIES. . ... ieiiieeiie ettt ettt st te et be et e et e sbaesebe et e e s aesbaessseenseennsaens X1
List Of TableS. ....cenieiiie e Xiv
List Of ADDIEVIAIONS. ...cceivuiiiieiiiieeiie ettt ettt s nees Xiv

CHAPTER 1: GENERAL INTRODUCTION....ccccittiumiiiiniiieiierinicnenccnimenneseel

1.1 Ca®" signaling via Ca*"-binding proteins...................ccccooeeeeeeeeiiiieeeeeeiieiin, 2
1.2 EF-hand proteins and the S100 family.............c.ooooiiii i, 2
L3 STO0AL L. ottt e e 4
1.4 Ca®*/phospholipid-binding proteins and annexins.......................cccceeeeeeeeeennnn. 14
1.5 Identification of a novel SI00A11-binding protein..............ccovvvviiiiiiiiinniennn.. 16
1.6 ANNEXIN A, ...ttt e 17
1.7 Potential physiological function of the SI00A11-annexin A6 interaction............... 19
1.8 Hypothesis and 0bjeCtiVeS. ........vuuiieiiiiiei e e 20
CHAPTER 2: MATERIALS AND METHODS.....cccctiiiiiiiiiiiiiiiieiiinicineccsnnnes 21
2.1 DNA MELROAS...uuciueeriitiennineeninteniesniesneneesesssesnsssssssessssssessassssssasssssssassasssasssssssesans 22
2.1.1 Design of PCR PIIMETS ....ouvuiitiiti it 22
212 PCRu .ottt ettt 24



2.1.3 Electrophoresis of DNA on agarose gels............coooviiiiiiiiiiiiiiiiiiiiiiians 24

2.1.4 Isolation of DNA from agarose elS...........ooeuiiiiiiiiiiiiiiiiiieieieieieeaeen, 24
2.1.5 Purification of DNA from the PCR miXture...........ccccceoueviinineineeieiieneeeceeieenen 25
2.1.6 Dephosphorylation of DNA by calf intestinal phosphatase (CIP).........cccccccevenneene. 25

2.1.7 Cohesive-end Ligation. .........c.oouiiiiiiniiiiiii i eeen s 25

2.1.8 Mini-preparation of plasmid DNA...........oiiiiiiiee e 26
2.1.9 Bacterial colony PCR........coouiiiiiiiiee et e 26
2.1.10 Measurement 0f DNA CONCENLIALION. .....covivtirririeeieeiie ittt 27
2.1.11 DNA SEQUENCING. ... .. eeieiuiiiiieitieeieeiiteeteesteeeeteestessteesseeesbeenseessseesssessseanseessseessseses 27
2102 RT-PCR ettt ettt ettt et e sttt eb et ea e enaeee e 28
2.1.13 Transformation of competent bacteria and bacterial manipulation........................ 28
2.2 Protein Methods.......ceinuiinienieeisennsnnnnseenseecsnnnssensecsssecssnsssesssecsssesssssssssssssssssasssnss 29
2.2.1 Protein purifiCation. .. ... ...oovieniintiit it .29
2.2.1.1 Purification of SI00A11 from chicken gizzard..................c.ooooiiiiiiiiin. 29
2.2.1.2 Purification of GST fusion protein............cevviiiiiiiiiiiiiniiiii e enenens 30
2.2.1.2.1 S1I00A11 and site-directed mutants ................ooveieiiiiiiininiiiiiinen.n. .30

2.2.1.2.2 Annexin A6, GST-annexin A6, A(1-20)annexin A6, C-terminal half annexin

A6 (M340-D672), A(1-4)N-terminal half annexin A6 (G5-R339)................ 32
2.2.2 S100A11 affinity chromatography.......c..cccveeviierieeiiieiiieiie et 34
2.2.2.1 Generation of SI00A11-Sepharose and control columns...............c....oeenie 34
2.2.2.2 Affinity chromatography of chicken gizzard extract....................cooiines 34

vi



2.2.2.3 Affinity chromatography with purified annexin A6, A(1-20)annexin A6,

C-terminal half annexin A6 (M340-D672), A(1-4)N-terminal half

anNEXin A6 (G5-R339)....ccuiiiiie ettt e e e e s 35
2.2.3 Annexin A6 affinity chromatography..........cccecveeriieiieeiiieniieiie e 36
2.2.3.1 Generation of annexin A6-Sepharose and control column............................ 36
2.2.3.2 Affinity chromatography of purified chicken STOOATL........cccocveiiiiiiiinieninen. 36
2.2.4 In vitro phosphorylation of purified recombinant chicken S100A11.................. 37
2.2.4.1 S100A11 phosphorylation by cPKC........ccccooiieiiiiiiiieie e 37
2.2.4.2 Affinity chromatography of phosphorylated chicken SIO0A11.........cccoceeuennenne 38
2.2.5 Antibody generation, purification and characterization.....................cooeveinenn. 38
2.2.5.1 Generation and purification of rabbit anti-(rat annexin A6).......................... 38

2.2.5.2 Characterization of polyclonal rabbit anti-(rat annexin A6) and monoclonal

anti-(rat STOOATLTL) . ..ottt ettt e e
2.2.5.3 Characterization of polyclonal rabbit anti-(chicken STO0A11)...........cccceuenee

2.2.6 GELOVETIAY....cuiiiiiieiie ettt ettt et e e e et sabeenbe e nsbeeebeannan
2.2.7 Ca**-dependent binding of tryptic fragments of annexin A6 to immobilized

STOOAT L.ttt sttt eb et ettt e st e e ebeeseeneensa s
2.2.8 Chemical cross-INKing ..........cccooveeiieiiiiniiieie et
2.2.9 Liposome CO-Pelleting aSSAY.......c.ccevuieriierieeiuiiiiieniieeiieeieenteesteesaeeesieeseeeseeessaeseneens

2.2.9.1 Ca*"-dependent binding of SI00A11 to phosphatidylserine liposomes................

2.2.9.2 Liposome preparation from rat tail artery and co-pelleting assay...............c.........

vii



2.2.10 In-gel destaining and digestion of proteins separated by SDS-PAGE

for analysis by MALDI-TOF/MS.......cooiiiiiieee ettt
2.2.10.1 DESLAINING. .. .ccuvieeuieeeieeieeetiestieieeeteestteetbesteestaessbeesseasnseessaesssesnseansseenseesssessseanees
2.2.10.2 Dehydration of el PIBCES......cccuiiriiiriieeiie ettt ettt et eee s
2.2.10.3 In-gel protein digeStiON........cceeierieeuieriietie et et eerieeette e et e teesreesebeeeeenaeesaeas
2.2.10.4 EXETACHION. ¢...ceuieeuieeiie sttt ettt sttt ettt e ettt ettt et ea e sb e st e e et enbeeatesbeeas

2.2.10.5 ZIP LIPPING..c.eeeerieirietieetie et eteerteestteeeteaetesttessseeaeesseesseeesseaseeensaesssaeanseesseesseens

2.2.11 N-terminal sequencing by Edman degradation.............cccceceeieniininiinecnieiienennns

2.2.12 Other MEthOdS......c.c.ooviiiiiiiciit e e
2.2.12.1 Measurement of protein concentration (BCA assay and amino acid
ANALYSIS ). vt eiieit ettt ettt ettt et e e et ehte e et e esae e aan

2.2.12.2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-

2.3 MAterTalS..cuueeiseeinniireniseenseecsnnnsensseesssecsnnssaesssecsssessssssssesssessssacssssssasssssssssasssssssassssases
2.3.1 Chemical reagents and general materials............ccoccceeveiiinieiiieiienciieie e,

2.3. 2 BNZYINES. . ceeieieieeiie et et et ettt e ettt e et e e ettt e et e e et be et te et te et te et aeennaeennneeens
2.3.3 KIS ettt ettt ettt ettt ettt e e h e bttt et ea e eh b bt ettt enbeeatenaee s
2.3.4 Plasmid DINA....c..ooiioieiie ettt sttt et bt
2.3.5 Bacterial SrAINS. .......oviiiiieiestieteeeie ettt ettt s st
2.3.6 Solutions and BUFTETs. ... ... .coiiiiiiiiiii e

2.3.6.1 Bacterial medium and DNA 1S01ation DUTTETS. .....ueeeeeeieeeeeeeeeee e ee e

viii



2.3.6.2 DINA DUITEIS. ..ot aee e 53

2.3.6.3 Protein MethOdS DUTTETS. ... ... e ae 54
CHAPTER 3: RESULTS..uuuuueetteteeeeesssnnsseseeessessssssssssssssesssssssssssssssssssssssssssssssssssssssssssssns 56
3.1 Identification of a novel ST00A11-binding protein.............cceveeviiinieininnennnnnn. 57
3.2 Purification of GST fUSION Proteins..........o.evuiiriiiriinteteit i 57
3.3 Smooth muscle cells express both SI00A11 and annexin A6...............ccevnveennee. 62

3.4 Confirmation of the Ca**-dependent interaction between S100A11 and
ANNEXIN AD. ... ettt 62
3.4.1 Ca*"-dependent binding of purified recombinant annexin A6 to immobilized
STOOA T L. .o e e 62

3.4.2 Ca**-dependent binding of purified recombinant S100A11 to immobilized

ANNEXIN AD. ..o e 62
3.4.3 Liposome CO-PElleting @SSaAY. .. ....coutentinrieitiiieiit et ettt et eie e eeeenenans 66

3.4.3.1 S100A11 interacts with liposome-bound annexin A6 in a Ca**-dependent
1T 11 L) PP PPPPP 66

3.4.3.2 Ca*"-dependent binding of SI00A11 to phosphatidylserine liposomes..............67

3.4.4 Characterization of polyclonal rabbit anti-(chicken STO0A11)......................... 67
3.4.5 Characterization of monoclonal mouse anti-(rat STO0A11)............cooeiiiinnnnn. 67
3.4.6 Characterization of rabbit anti-(rat annexin A6).............ccevviiiiiiiiiiiieineeenn. 72

3.4.7 Confirmation of the Ca**-dependent interaction between S100A11 and
annexin A6 by chemical cross-linking.................ooiiiiiiiiiiiii 72

3.5 Identification of the binding site of annexin A6 for SIO0ATL................ooeiiii. 72

X



3.5.1 Ca**-dependent binding of recombinant A(1-20)annexin A6 to immobilized
STOOA T L. .ot
3.5.2 Confirmation of the Ca**-dependent interaction of S100A11 and
A(1-20)annexin A6 by gel overlay...........ooooiiiiiiiiiiii
3.5.3 Ca*"-dependent binding of tryptic fragments of annexin A6 to immobilized
A 0N
3.5.4 MS analysis of tryptic peptides of annexin A6 bound to S100A11-Sepharose.......
3.5.5 N-terminal sequencing of tryptic peptides of annexin A6................cceeviinnennne.
3.5.6 Ca*"-dependent binding of purified recombinant C-terminal
annexin A6 (M340-D672) to immobilized STO0ATL............cooiiiiiiiiiiiiinin.
3.5.7 Confirmation of Ca**-dependent binding of purified recombinant SI00A11 to
the C-terminal half of annexin A6 by gel overlay......................oo,
3.5.8 Ca*"-dependent binding of purified recombinant N-terminal half of
annexin A6 (G5-R339) to immobilized SIO0ATL...........cooiiiiiiiiiiiee e,
3.5.9 Confirmation of Ca**-dependent binding of purified recombinant SI00A11 to
the N-terminal half of annexin A6 by gel overlay..................oooiiiiiie,

3.6 Phosphorylation of STO0ALL 7 VItro ......ocoveiiniiii i

3.6.1 Phosphorylation of ST00AL1 by cPKC.......cccoiiiiii s

3.6.2 Phosphorylation of SI00A11 disrupts its interaction with annexin A6.................

CHAPTER 4: DISCUSSION...ccctiuiitiiiiiiiiiiiiititiatiecietettncmmmmmesesmsees

4.1 The discovery of a novel SI00A11-binding protein.............cccevviiiiiiiniienennnnn..



4.2 Co-expression of SI0O0A11 and annexin A6 in the same smooth

MUSCLE CeLL. ... 96
4.3 Verification of the interaction between SI00A11 and annexin A6........................97
4.4 Identification of two binding sites on annexin A6 for SIO0AT1............................98

4.5 The effect of phosphorylation on the interaction between S100A11 and

ANNEXIN AD .. o e 101
4.6 Conclusions and future dir€CtiONS. . ... . uuue ettt 103
RETFERENCES. ..cceteeitritiniesnecssesssssesesesssssesssessesssssssssssssssssssssssssssssssssssssssssssssssassessssssses 108

LIST OF FIGURES
Figure 1. Hydrophobic interaction chromatography to isolate smooth muscle Ca®'-
DINAING PIOtEINS. ... .u ettt et e ee e 6
Figure 2. Purification of SI00A11 to electrophoretic homogeneity by anion-exchange
Chromatography...... ..ot 7
Figure 3. Comparison of the amino acid sequences of SI00A11 from different
] 1S (X T 10
Figure 4. Calcium-dependent conformational change in STO0ATL...................o.o.. 12

Figure 5. Formation of the annexin Al-binding surface upon Ca*" binding to apo-

STOOATL .o e 13
Figure 6. Structures of annexin Al and annexin A6..............ccooviiiiiiiiiiiniinin 18
Figure 7. Edman degradation reaction. ... ........o.evuivuieiniiieiiiin e 48

Figure 8. SDS-PAGE of fractions eluted from an SI00A11 affinity column

Xi



With EGT AL o 58
Figure 9. Specific and Ca®"-dependent interaction of the 70 kDa protein with
STOOALL. .o 59
Figure 10. Mass spectrometric identification of the 70 kDa protein that interacts with
S100A11 in a Ca*"-dependent MANNer. .................uueeeeeeeceeeeeeiieeenn. 60
Figure 11. Purification to electrophoretic homogeneity of SI00A11, annexin A6
and their GST-fusion counterparts............oovveviiiiiiiiiiiiieeeieen cenaenn 61
Figure 12. SI00A11 and annexin A6 are expressed at the mRNA level in rat basilar
arterial smooth muscle cells..............coooi 63
Figure 13. Ca*"-dependent interaction of purified annexin A6 with immobilized
STOOALL. .o 64
Figure 14. Ca**-dependent interaction of purified S100A11 with immobilized
ANNEXIN AD. ..ottt e e 65
Figure 15. Ca*"-dependent interaction of SI00A11 with liposomes and liposome-bound
ANNEXIN AD. .ottt 68

Figure 16. SI00A11 binds to phosphatidylserine liposomes in a Ca*'-dependent

81T 11 L) TP 69
Figure 17. Characterization of polyclonal rabbit anti-(chicken ST00A11)................... 70
Figure 18. Characterization of monoclonal anti-(rat STOOATTL).......ccocvvieiiieiniienciees 71
Figure 19. Characterization of polyclonal rabbit anti-(rat annexin A6)...................... 73
Figure 20. Cross-linking of SI00A11 and annexin A6.........cccceveeivivcrererenenecceneenevennn. 14

Figure 21. Affinity chromatography of A(1-20)annexin A6 on

Xii



Figure 22.

Figure 23.

Figure 24.

Figure 25.

Figure 26.

Figure 27.

Figure 28.

Figure 29.

Figure 30.

Figure 31.

Figure 32.

Figure 33.

STOOATT-SEPhaArOSEe .....uiiiiti et e e e 76

Gel overlay assay for the binding of SI00A11 to full-length annexin A6

and A(1-20)anneXin Ab.........oouiiiniiiii i s 77
S100A11-Sepharose affinity chromatography of a partial tryptic

digest 0f aNNEXIN AB.......ouiiniii it 79
MALDI-TOF MS analysis of tryptic fragments of annexin A6 bound to
immobilized S100A11 in a Ca®"-dependent manner.............................. 80
MS analysis of the ~34 kDa tryptic fragments of annexin A6................... 82
Chicken annexin A6 amino acid sequence and different constructs................ 84
Ca*"-dependent interaction of the C-terminal half of annexin A6 with
immobilized STOOATL. ..ot e, 87
Ca’"-dependent interaction of SI00A11 with the C-terminal half of

annexin A6 demonstrated by gel overlay................c.ooooii 88
Ca’"-dependent interaction of the N-terminal half of annexin A6 with
immobilized STOOAT L. 90
Ca”"-dependent interaction of SI00A11 with the N-terminal half of

annexin A6 demonstrated by gel overlay...............coooiiii i 91
Phosphorylation of SI00A11 by Ca**-dependent PKC..............................93

Phosphorylation of SI00A11 disrupts its interaction with
ANNEXIN AD.. .t 94

Stoichiometry between annexin A6 and SI00A11 in liposome co-pelleting

assay and chemical cross-linking................cooviiiiii i, 99

Xiii



LIST OF TABLES

Table 1. MALDI-TOF MS analysis of tryptic fragments of annexin A6 bound to

S100A11-Sepharose

Table 2. N-terminal sequencing of tryptic fragments of annexin A6 bound to

S100A11-Sepharose

LIST OF ABBREVIATIONS
A6 annexin A6
ACN acetonitrile
AMBIC | ammonium bicarbonate
APS ammonium persulfate
ATP adenosine 5’-triphosphate
bp base pair
CaM calmodulin
CIP calf-intestinal alkaline phosphatase
DFP diisopropylfluorophosphate

DMS dimethylsuberimidate

dNTP deoxynucleoside

triphosphates

DTT dithiothreitol

EDTA ethylenediamine

tetraacetic acid

FPLC fast protein liquid chromatography

g gram
GST glutathione S-transferase

His histidine

IPTG isopropyl-p-D-thiogalactopyranoside

kDa kiloDalton

LB Luria-Bertani medium

ng nanogram

nm nanometer

PB DNA binding buffer for QIAquick PCR purification
PBS phosphate-buffered saline

PCR polymerase chain reaction

PMSF phenylmethylsulfonyl fluoride

PVDF polyvinylidene difluoride

QG solubilization and binding buffer for QIAquick gel extract

SDS sodium dodecyl sulfate

X1V




SOC growth medium similar to LB-medium, but enhances bacterial growth due to
the presence of glucose. Used as a cell growth medium to ensure maximum
transformation efficiency.

STI soybean trypsin inhibitor

TBS Tris-buffered saline

TE Tris-EDTA buffer

TEMED | N,N,N',N'-tetramethylethylenediamine

TFA trifluoroacetic acid

ug microgram

ul microlitre

XV




CHAPTER 1:

GENERAL INTRODUCTION



1.1 Ca®" signaling via Ca**-binding proteins

Studies on Ca”" signaling originated with investigations of the mechanisms of skeletal
muscle contraction, but it is now accepted that Ca®" ions serve as key intracellular
messengers that mediate the effects of a variety of extracellular signals (hormones,
neurotransmitters, growth factors, etc.) in eliciting diverse physiological responses such
as muscle contraction, secretion, metabolism, cell growth, differentiation and mitogenesis
(Niki et al., 1996; Karaki et al., 1997; Berridge et al., 1998; ibid, 2000). The effects of
Ca’" ions are mediated by a host of Ca*-binding proteins that can be divided into 3
principal classes on the basis of the primary structures responsible for the actual binding
of Ca’": EF-hand domain proteins (e.g. calmodulin), Ca**- and phospholipid-binding
proteins (e.g. annexins and conventional and novel isoforms of protein kinase C) and

Ca’" storage proteins (e.g. calsequestrin) (Niki ez al., 1996; Haeseleer et al., 2002).

1.2 EF-hand proteins and the S100 family

The EF-hand, a helix-loop-helix structure, was originally identified in the three-
dimensional structure of carp parvalbumin and has since been detected in large numbers
of Ca2+-binding proteins (Marsden et al., 1990; Kawasaki et al., 1998). This structure
most commonly consists of 40 amino acid residues: a 12-amino acid loop, which is
directly responsible for Ca*" binding, sandwiched between a pair of a-helices. EF-hand
Ca’"-binding proteins have been classified into 45 subfamilies, including the calmodulin
and S100 protein subfamilies (Kawasaki et al., 1998). Calmodulin, troponin C,
neurocalcin and others are monomers containing 4 EF-hands and M, ~20 kDa. S100

(soluble in 100% ammonium sulfate) proteins (Heizmann & Cox, 1998; Donato, 1999;



ibid, 2001; ibid, 2003), on the other hand, form dimers (M, ~22 kDa) with 2 Ca*" -binding
sites per monomer. Structural information indicates that most S100 proteins exist in the
form of antiparallel packed homodimers (in some cases heterodimers), capable of
functionally cross-linking two homologous or heterologous targets. These proteins are
characterized by a high degree of amino acid sequence conservation (Taylor & Geisow,
1987), 3-D structure (Wilder et al., 2003) and genomic structure (Heizmann et al., 2002;
Zimmer et al., 1996). Despite their similar amino acid sequences and 3-D structures,
individual family members exhibit diverse biochemical and physical properties, including
affinity for metal ions (Ca®", Zn*" and Cu®") (Donato, 1999), oligomerization properties,
heterodimerization, post-translational modifications and lipid binding. In addition, some
S100 family members contain unique amino- and/or carboxyl-terminal extensions that are
homologous to structural motifs found in other proteins. In some instances, these
differences have been documented to have profound effects on target protein interactions.

There are 21 S100 subfamily members encoded by the human genome, many of which
form a tight cluster on chromosome 1g21 (Schifer & Heizmann, 1996; Wicki et al.,
19964, b; Eckert ef al., 2004). The sequences of the S100 proteins show the presence of
two Ca”"-binding domains of the EF-hand type, and heterologous target proteins bind in a
Ca®"-dependent (and, in some instances, Ca*'-independent) manner. An increasing body
of evidence indicates that members of the multigenic S100 protein family play regulatory
roles within cells and exert regulatory effects on target cells once released into the
extracellular space (Donato, 1999; ibid, 2001; Zimmer et al., 1995). S100 proteins have
been implicated in the Ca®’-dependent regulation of diverse physiological processes,

including cell cycle regulation, growth and metabolic control, protein phosphorylation,



the inflammatory response, cAMP signalling pathways, dynamics of cytoskeletal
components, and cell proliferation and differentiation (Heizmann & Cox, 1998; Donato,
1999; ibid, 2001; ibid, 2003; Bianchi et al., 2003). S100 proteins have also been
associated with a variety of pathological events, including neoplastic transformation and
neurodegenerative diseases such as Down’s syndrome and Alzheimer’s disease. Other
diseases in which S100 proteins have been implicated include cancer, cardiomyopathy,
psoriasis, cystic fibrosis, amyotrophic lateral sclerosis and epilepsy (Heizmann et al.,
2002), usually via overexpression of the protein (Odink ef al., 1987; Van Eldik &
Griffin, 1994).

In response to a rise in cytosolic free [Ca®], EF-hand proteins bind Ca*" and act either
as activators of target enzymes or non-enzyme proteins (e.g. calmodulin, troponin C,
S100 proteins, neurocalcin) or Ca®" buffers (e.g. calbindin, parvalbumin) (Niki et al.,
1996; Smith & Shaw, 1998; Haeseleer et al., 2002). In the case of activators, Ca*’
binding induces a conformational change that exposes a hydrophobic surface for
interaction with a target protein(s), a crucial step in the regulation of specific
physiological events (Smith & Shaw, 1998). A well-known example is the interaction of
calmodulin with myosin light chain kinase (MLCK) (e.g. Walsh et al., 1982; ibid, 1983;
Ngai et al., 1984; Wilson et al., 2002; Van Lierop et al., 2002); Ca2+-dependent
activation of MLCK is the key event in the activation of smooth muscle contraction and

non-muscle motility (Kamm & Stull, 2001).

1.3 S100A11



Several years ago, our laboratory exploited the Ca*"-induced exposure of a hydrophobic
surface on EF-hand proteins to analyze this class of regulatory proteins in smooth muscle
and was the first to describe a member of the S100 subfamily now referred to as
S100A11 (De Vries et al., 1989). The approach used was to prepare a cytosolic fraction
from chicken gizzard smooth muscle in the absence of Ca®" (presence of EGTA) to
dissociate EF-hand proteins from their targets. Excess Ca’" was then added to induce
exposure of these hydrophobic surfaces and the extract applied to a hydrophobic matrix
(a phenyl-Sepharose column) in the presence of Ca*', the rationale being that the exposed
hydrophobic domain would bind tightly to the matrix. Most cellular proteins, on the other
hand, would not be expected to bind to the column since they lack exposed hydrophobic
regions and therefore would flow through the column. This was indeed found to be the
case: >95% of cellular proteins did not bind to the phenyl-Sepharose column (De Vries et
al., 1989). Subsequently, several proteins that bound to the column in a Ca®"-dependent
manner were eluted by chelation of Ca®* with EGTA (Fig. 1).

Another key feature of EF-hand proteins is their heat stability in the presence of bound
Ca®’, and this was exploited for their further purification. Finally, purification to
electrophoretic homogeneity was achieved by anion-exchange chromatography of the
supernatant obtained following heat treatment of the EGTA extract from Fig. 1 in the
presence of Ca®" (Fig. 2). The flow-through fractions contained S100A11. This protein
was rediscovered by other groups and referred to as calgizzarin (Todoroki et al., 1991),
S100C (Ohta et al., 1991) and more recently, according to the currently accepted
systematic nomenclature (Schifer ez al., 1995), as SI00A11 (Wicki ef al., 1996a, b). Ca**

binding to SI00A11 was demonstrated by its Ca>*-dependent interaction with phenyl-



r-— - CaM

= S100A11
LI == S100A6

12 3 4 56 7 8910

Fig. 1: Hydrophobic interaction chromatography to isolate smooth muscle Ca*'-
binding proteins. SDS-PAGE analysis with Coomassie Blue-staining of: 1 = phenyl-
Sepharose column load; 2 = flow-through fractions; 3 = 1 M NaCl eluate; 4 - 10 =
consecutive fractions eluted with EGTA. CaM = calmodulin, S1I00A11 = S100C or

calgizzarin, S100A6 = calcyclin. (Taken from De Vries ef al., 1989 with permission).
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Fig. 2: Purification of S100A11 to electrophoretic homogeneity by anion-exchange
chromatography. EGTA-eluted fractions from Fig. 1 were heat-treated in the presence
of Ca®", centrifuged to remove denatured proteins and loaded onto a DEAE-Sephacel
column. Bound proteins were eluted with a [NaCl] gradient as shown in the upper panel.
Fractions corresponding to protein peaks A-D in the upper panel are shown in the lower
panel above the Coomassie Brilliant Blue-stained gel profile. Key to lanes: 1, 26 =
molecular weight markers; 2, 27 = column load; 3 - 25 and 28 - 39 = selected fractions.
Peak A corresponds to S100A11, peaks B and C to two isoforms of SI00A6 and peak D

to calmodulin. (Taken from De Vries ef al., 1989 with permission).



Sepharose, *Ca’" overlay, gel filtration + Ca>", fluorescence spectroscopy and flow
dialysis (Allen et al., 1996; Schonekess & Walsh, 1997). The monomeric molecular
weight of SI00A11 is ~11 kDa and the native structure is a dimer, as shown initially by
gel filtration (Allen et al., 1996) and recently confirmed by NMR spectroscopy (Dempsey
et al., 2003). These characteristics are common to S100 proteins. Flow dialysis confirmed
that S1I00A11 binds 2 Ca>* ions per monomer at physiological pH and ionic strength, as
predicted from the amino acid sequence, with [Ca®"Jos = 0.3 mM and ny (Hill coefficient)
= 1.2 (Allen et al., 1996). Our laboratory cloned chicken gizzard S1I00A11 by RT-PCR,
5'- and 3'-RACE and sequenced the cDNA (Schonekess & Walsh, 1997). The protein
consists of 101 amino acids with a molecular weight of 11,282 Da and pl = 6.1.
Electrospray mass spectrometry yielded a molecular weight of the tissue-purified protein
of 11,281 Da. The amino acid sequence is consistent with 2 Ca*’-binding sites per
monomer, the first being an atypical EF-hand with 14 residues and the second a classical
12-residue EF-hand; the Ca**-coordinating residues are indicated with asterisks in Fig. 3.
The 12-residue C-terminal EF-hand ligates Ca’" in a similar manner to calmodulin,
resulting in a higher calcium affinity site. The N-terminal or ‘pseudo-canonical’ EF-hand
is formed by 14 residues and binds Ca*" mostly through main-chain carbonyl groups,
except for the bidentate side chain of glutamate at the last position of the loop. This
results in a lower affinity for Ca®" (Santamaria-Kisiel et al., 2006). SI00A11, like most
S100 proteins, is structurally highly conserved: Fig. 3 shows a species comparison of
S100A11 sequences. The chicken protein exhibits 72.4% sequence identity and 81%
sequence similarity to the human protein (Schonekess & Walsh, 1997). It was also

confirmed, using the hydrophobic fluorescent probe TNS (2-p-toluidinylnaphthalene-6-



sulfonate), that Ca*" binding to S100A11 exposes a hydrophobic surface, and
demonstrated that the affinity of SI00A11 for Ca®" is increased ~10-fold in the presence
of TNS (to [Ca*]o.s = 35 pM) (Allen ef al., 1996). This latter observation suggests that
the affinity of SI00A11 for Ca*" is likely to be markedly enhanced in the presence of a
target protein, a very common phenomenon amongst EF-hand proteins

(Niki et al., 1996). In addition, our laboratory found that S1I00A11 binds Zn** (Allen et
al., 1996), another feature common to many S100 proteins and of potential physiological
significance (Heizmann & Cox, 1998). Polyclonal antibodies to SI00A11 were raised in
the Walsh laboratory and its tissue distribution examined in the chicken: S100A11 was
detected at highest levels in lung, followed by smooth muscles (esophagus, large intestine,
trachea and gizzard), kidney, liver, brain and heart (Allen et al., 1996). SI00A11 was
expressed in E. coli and the properties of the purified recombinant protein found to be
indistinguishable from the tissue-purified protein (Schonekess & Walsh, 1997).

The three-dimensional structure of apo-S100A11 was determined by multi-dimensional
NMR spectroscopy in collaboration with Dr. Gary Shaw (UWO) (Rintala et al., 2002;
Dempsey et al., 2003). Fig. 4 shows the Ca*"-induced conformational change in SI00A11.
Apo-S100A11 forms a tight globular structure in which helices III and IV that form part
of Ca”"-binding site II are nearly parallel. Helices I and IV, and I and I' form a more
closed arrangement than observed in other apo-Ca*’-binding proteins. S100A11
undergoes a conformational change upon Ca®" binding. The rearrangement of helix III
exposes previously buried residues that are essential for target recognition. Fig. 5 shows

the accessible surface area representations of apo-S100A11 and Ca**-bound S100A11 in



Human  MAKI SSPTET ERCl ESLI AV FQKYAGKDGY NYTLSKTEFL 40
Pi g MAK. . RPTET ERCI ESLI Al FQKHAGRDGN NTKI SKTEFL
Rabbit M ..SRPTET ERClI ESLI AV FQKYAGKDGH SVTLSKTEFL
Rat M ....PTET ERClI ESLI AV FQKYSGKDGN SCHLSKTEFL
Mouse M. ...PTET ERClI ESLI AV FQKYSGKDGN NTQLSKTEFL
Chi cken MBK. VSPTET ERCI ESLLAV FQRYAGREGD NLKLSKKEFR

* * * * * *
Human  SFVNTELAAF TKNQKDPGVL DRMMVKKLDTN SDGQLDFSEF 80
Pi g | FMNTELAAF TONQKDPGVL DRMVKKLDLD SDGQLDFQEF
Rabbit SFMNTELAAF TKNQKDPGVL DRMVKKLDLN SDGQLDFQEF
Rat SFMNTELAAF TKNQKDPGVL DRMVKKLDLN SDGQLDFQEF
Mouse  SFMNTELAAF TKNQKDPGVL DRMVKKLDLN CDGQLDFQEF
Chi cken TFMNTELASF TKNQKDPAVW DRMVKRLDI N SDGQLDFQEF
Human  LNLI GGLAMA CHDSFLKAVP SQKRT 101
Pi g LNLI GGLAI A CHDSFI KS. . TQX. .
Rabbit LNLI GGLAVA CHESFVKAAP PQKRF
Rat LNLI GGLAI A CHESFLQT.. SQKRI
Mouse  LNLI GGLAI A CHDSFI QT.. SQKRI
Chi cken LNLI GG AVA CHDALLVQPP HP. . .

* * %

* % *

Fig. 3: Comparison of the amino acid sequences of S100A11 from different species.
Yellow shaded residues are identical to human S100A11. Dots indicate deletions.
Coordinating sites for Ca’>" binding are designated by *. NCBI accession numbers:
human, NP_005611; pig, P31950; rabbit, P24480; rat, Q6B345; mouse, P50543; chicken,
P24479. The rat and chicken sequences were determined in the Walsh laboratory (rat:
Hesse, E. M. M., Wiehler, W. B., Pho, M. V. C. and Walsh, M.P.; chicken: Schonekess,

B. O. and Walsh, M. P.).
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complex with a target peptide (see section /.4). Residues in helices I (P3, E11, A14), III
(V55, R58, M59), IV (A86, C87, S90) and the linker between the N- and C-terminal
domains (A45, F46) are partially buried in apo-S100A11 and become exposed upon Ca*"
binding to form a continuous hydrophobic surface for interaction with a target protein.

The properties of SI00A11 described above are consistent with a function as a “Ca*"
sensor”, i.e., the protein detects the increase in cytosolic [Ca®] in response to an
appropriate stimulus and undergoes a conformational change with exposure of a
hydrophobic surface that interacts with a target protein(s) and thereby regulates its
function. Consistent with this hypothesis, SIO0A11 was shown to interact with annexin
Al (annexin I) in a Ca®’-dependent manner and plays a role in early endosomes
(Mailliard et al., 1996; Seemann et al., 1996; Robinson & Eckert, 1998). Another report
provided evidence for an interaction between S100A11 and actin (Zhao et al., 2000), but
we have been unable to confirm this observation in the Walsh laboratory. Evidence has
also been presented for an interaction between SI00A11 and S100B, most likely forming
a heterodimer through subunit exchange (Deloulme et al., 2000).

Recently, more attention was paid to the potential physiological function of ST00A11.
The indisputable relationship between the deregulated expression of S100 proteins and
cancer and Alzheimer’s disease strongly suggests their profound involvement in these
processes. However, despite the overwhelming correlation between S100 protein
expression and different pathological processes, many questions remain unanswered.
Hence, analysis of the cellular processes in which they are involved, and elucidation of

their signaling pathways should lead eventually to understanding of their pathological
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Apo-S100A11 Ca-S5100A11

Fig. 4: Calcium-dependent conformational change in S100A11. The three-
dimensional structures of calcium-free SI00A11 and calcium-bound S100A11 are shown
to demonstrate the Ca’’-induced conformational change. In the symmetrical dimer,
helices of one monomer (I-IV) are highlighted in different colours, while the other
monomer (helices I'-IV”) is coloured grey. As sensors, the S100 proteins experience a

conformational change upon Ca*" binding (four ions/dimer). The rearrangement of helix
IIT (orange) exposes previously buried residues that are essential for target recognition.

(Taken from Santamaria-Kisiel e al., 2006 with permission).
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Fig. 5: Formation of the annexin Al-binding surface upon Ca** binding to apo-

S100A11. Accessible surface area representation of apo-S100A11 (A) and Ca*"-bound
S100A11 in complex with annexin Al peptide (B). Residues in SI00A11 that directly
interact with annexin Al are coloured dark blue and those whose side chain exposure is
increased by 20% upon Ca*" binding are coloured cyan. (Taken from Dempsey et al.,

2003 with permission).
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roles. Recently, it was reported that, upon exposure of human keratinocytes to a high
concentration of Ca>", SI00A11 was specifically phosphorylated at Thr10 by PKC and
phosphorylation facilitated the binding of S100A11 to nucleolin, resulting in nuclear
translocation of S1I00A11. In the nuclei, SI00AI11 liberated Sp1/3 from nucleolin. The
resulting free Sp1/3 transcriptionally activated p21<""VAF! " a negative regulator of cell
growth. SI00A11, therefore, plays a role as a key mediator of Ca*"-induced growth
inhibition of human epidermal keratinocytes (Sakaguchi et al., 2003; ibid, 2004).
Interestingly, introduction of an N-terminal peptide of SIO0A11 into human cells induced
apoptotic cell death (Makino et al., 2004). It was also reported that loss of nuclear
localization of S100A11 is related to DNA synthesis, which is thought to be one of the
mechanisms of immortalization, one of the multistep processes of cancer development
(Sakaguchi et al., 2000; ibid, 2001). S100A11 is found to be abnormally expressed in
different cancers (Tanaka et al, 1995). For example, it is down-regulated in bladder
cancer (Memon et al., 2005) but overexpressed in human uterine smooth muscle tumours

(Kanamori et al., 2004).

14 Ca2+/ph0spholipid-binding proteins and annexins

There also exist Ca*"-binding proteins which bind phospholipids in a Ca*'-dependent
manner, including the annexins, and conventional and novel isozymes of protein kinase C
(PKC), which increases their affinity for Ca>" and/or enzymatic activity. These properties
allow such proteins to translocate to cell membranes and to become active in the vicinity
of the membranes in response to an increase in [Ca’"]. Such proteins are classified into 2

groups: the annexins and the C2 region proteins (Niki et al., 1996). Annexins bind
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negatively-charged phospholipids and membranes in a Ca*’-dependent and reversible
manner (Creutz, 1992; Raynal & Pollard, 1994; Gerke & Moss, 1997; Seaton & Dedman,
1998; Gerke & Moss, 2002). They contain a highly-conserved structural element, the
annexin repeat, which consists of ~70 amino acids. Most annexins contain 4 such repeat
motifs packed into a highly a-helical disk, which forms the membrane-binding module.
Fig. 6 shows crystal structures of annexin Al and annexin A6 (Gerke & Moss, 2005).
Annexins differ primarily in the N-terminal head region, which varies in length. For
example, annexin Al has an N-terminal head region composed of 40 amino acids, the
first 10-14 residues of which constitute the S100A11-binding site (Mailliard et al., 1996;
Seemann et al., 1996). The crystal structure of Ca*'-bound S100A11 in complex with a
synthetic peptide corresponding to the N-terminal 14 residues of annexin Al shows that
the annexin interface occurs through interactions with the linker and helices III and IV of
one monomer and helix I of the other monomer in SI00A11 (Rety et al., 2000), there
being two bound peptide molecules per SIO0A11 dimer. The annexin molecule thereby
bridges the two S1I00A11 monomers, which are also cross-linked by a disulfide bridge
between Cysll of each subunit. Other S100-annexin partnerships have also been
identified. Annexin A2 forms a tetramer, commonly referred to as the annexin II tetramer,
composed of two subunits of annexin A2 and two of S100A10 (Glenney, 1986).
Formation of this complex is actually Ca®" independent. Annexin A1l interacts in a Ca>'-
dependent manner with S100A6 (calcyclin) (Sudo & Hidaka, 1999). S100A6 has also
been shown to interact with annexin A2 (Filipek et al., 1995). S100B binds to annexins
A2 (Bianchi et al., 1992), A5 and A6 (Garbuglia et al., 1998). Finally, SI00A1 interacts

with annexins A5 and A6 (Garbuglia et al., 1998). Annexins have been implicated in
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diverse physiological functions, including regulation of membrane organization,
membrane trafficking, membrane-cytoskeleton linkage, ion conductance across
membranes, anti-inflammatory and anti-coagulant effects, Ca®" handling in the heart, and
as mediators or regulators of certain cell-cell and cell-matrix interactions (Creutz, 1992;
Raynal & Pollard, 1994; Gerke & Moss, 1997; Seaton & Dedman, 1998; Gerke & Moss,
2002; Camors et al., 2005). The formation of tetramers composed of two annexin
subunits and two S100 subunits could link two distinct membranes in a Ca**-dependent
manner (Gerke & Moss, 2002). Annexins have also been shown to bind to actin-based
cytoskeletal elements (Gerke & Weber, 1984; Glenney, 1986; Glenney et al., 1987,
Ikebuchi & Waisman, 1990; Hosoya et al., 1992; Diakonova et al., 1997; Raynal et al.,
1997), which could explain their possible involvement in Ca*'-dependent regulation of

membrane-cytoskeleton dynamics.

1.5 Identification of a novel S100A11-binding protein

Our laboratory addressed the broader issue of SI00A11 target proteins using S100A11-
Sepharose affinity chromatography. An extract of chicken gizzard smooth muscle,
prepared in the absence of Ca*", was applied to the affinity column in the presence of
Ca®’. Unbound proteins were washed through the column and non-specifically-bound
proteins were eluted with NaCl. Proteins bound in a Ca**-dependent manner were then
eluted by chelation of Ca®" with EGTA. Fig. 8 (page 58) shows a Coomassie Blue-stained
SDS gel of the EGTA-eluted fractions. Three prominent protein bands were detected with
M; = 70, 44 and 37 kDa. Control experiments demonstrated that the 70 kDa band did not

bind to a blank Sepharose column (without S100A11) or if loaded on an S100A11
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affinity column in the presence of EGTA. On the other hand, the 44 and 37 kDa bands
bound to both control columns (Fig. 9, page 59). We concluded that the 70 kDa protein
interacts specifically with SI00A11 in a Ca®*-dependent manner. This protein was cut out
of the gel, digested with trypsin and the digest subjected to matrix-assisted laser
desorption ionization/time-of-flight (MALDI-TOF) mass spectrometry (Mann et al., 2001)
in the Southern Alberta Mass Spectrometry Centre. The profile of tryptic peptide masses

was compared with the predicted tryptic peptide mass profiles in the protein sequence
data banks and the protein identified as annexin A6 with an expectation value of 2.3 x 10
7 and 24 matched peptides covering 39% of the sequence (Fig. 10, page 60). This is the
first demonstration of an interaction between S100A11 and annexin A6. Furthermore,

this interaction is Ca®" dependent.

1.6 Annexin A6

Annexin A6 is approximately twice the size of other annexins and contains § annexin
repeats rather than the usual 4. In the crystal structure, these are arranged as two four-
repeat lobes oriented perpendicular to one another and separated by a linker between
repeats 4 and 5 as shown in Fig. 6B (Benz et al., 1996; Kawasaki et al., 1996; Avila-
Sakar et al., 1998; ibid, 2000; Freye-Minks et al., 2003). Each lobe has a disk-like shape.

Once membrane binding takes place, a conformational change occurs allowing the two
planes of the cores to face a single membrane in a “parallel” manner. Alternatively, one
of the cores may twist 180° about the flexible linker so that, in the resulting “antiparallel”

orientation, the protein could bind two closely-apposed membranes simultaneously.
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© Cas+

Fig. 6: Structures of annexin Al and annexin A6. A. Molecular structure of annexin
Al. Ribbon representation shows the three-dimensional fold of the backbone of annexin
Al in the presence of Ca*". In the Ca*"-bound conformation, the annexin can attach to
membranes through its convex (upper) side, with the Ca*" ions serving a bridging
function. (Taken from Rescher & Gerke, 2004 with permission). B. Ribbon
representation of the annexin A6 crystal structure. Annexin A6 contains eight repeat
segments, and the two halves of the protein, which each consist of a four-annexin-repeat
unit (core), are connected by a linker (depicted in dark green). The flexibility of the linker
enables the two halves to adopt different orientations with respect to one another. Bound
Ca’" is shown as blue spheres. The membrane attachment sites of the annexin core units

are indicated by green triangles. (Taken from Gerke & Moss, 2005 with permission).
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1.7 Potential physiological function of the S100A11-annexin A6 interaction

The sarcolemma of smooth muscle cells is segregated into force-transmitting regions
(adherens junctions), which are directly linked to the cytoskeleton, and flexible vesicular
domains containing numerous caveolae, sites of localization of signaling complexes
(Small & Gimona, 1998). Since smooth muscle cells must adapt rapidly and continuously
to changes in length, sarcolemmal and cytoskeletal protein reorganization must be precise
and flexible. Members of the annexin protein family, including annexin A6, have been
implicated in smooth muscle membrane organization, constituting a reversible, Ca*'-
dependent link between the sarcolemma and the cytoskeleton (Babiychuk et al., 1999).
Effective regulatory mechanisms for coordinated cytoskeletal and sarcolemmal
rearrangement are required to protect smooth muscle cells from mechanical damage
during contraction-relaxation cycles. Work by Draeger’s group has implicated annexin
A6 in the formation of a Ca*"-dependent and reversible membrane-cytoskeleton complex
in smooth muscle cells, which they propose is involved in sarcolemmal organization
during smooth muscle contraction (Babiychuk et al., 1999). Since we have shown that
S100A11 interacts with annexin A6 in a Ca*"-dependent manner, the possibility arises
that this Ca*'-dependent linkage of the plasma membrane to the cytoskeleton also
requires S100A11, which would not have been detected in the experiments of Babiychuk
et al (1999). SI00A11 may confer the high sensitivity to Ca®" that is observed for
association of annexin A6 with the sarcolemma (Babiychuk & Draeger, 2000). Most
interestingly, Draeger and coworkers provided evidence that annexin A6 translocates to
the caveolar domain, not the adherens junctions. Evidence from other cell types has

implicated annexin A6 in Ca*"-dependent formation of signaling complexes. For example,
p p g g p
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annexin A6 has been shown to associate in a Ca*'-dependent manner with lipid rafts
along with PKCa and neurocalcin-a (Orito et al., 2001) and direct interaction between
annexin A6 and skeletal muscle PKCa has been demonstrated (Schmitz-Peiffer et al.,
1998). Annexin A6 has also been identified in a complex with the GTPase activating
protein p120 Ras-GAP and the tyrosine kinases Fyn and Pyk2, annexin A6 interacting
directly with p120 Ras-GAP and Fyn, but not Pyk2 (Chow et al., 2000). Annexin A6 is
also thought to play a role in the regulation of cardiac function (Kaetzel & Dedman, 2004)

and oxidation-induced Ca®" mobilization (Cuschieri ez al., 2005).

1.8 Hypothesis

That annexin A6 and S100A11 interact with each other in a Ca’*-dependent manner.

The specific questions addressed were:

1. Are S100A11 and annexin A6 co-expressed in vascular smooth muscle cells?

2. Can the interaction between S100A11 and annexin A6 be verified independently?

3. Where is the site on annexin A6 that binds to S100411?

4. Is the Ca’*-dependent interaction between S100411 and annexin A6 affected by

phosphorylation of S100411 by PKC?
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CHAPTER 2:

MATERIALS AND METHODS
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2.1 DNA methods
2.1.1 Design of PCR primers
Chicken S100A11 cDNA (NCBI accession number P24479) was amplified and
subcloned into pGEX-6P-1 (Pharmacia Biotech.), via BamH I and Sma I sites, from a
first strand cDNA prepared from chicken gizzard total RNA. The forward primer
introduced a BamH I cleavage site (underlined) upstream of the ATG start codon (5'-
CGGGATCCatgTCCAAGGTTTCCCCCACT-3") and the reverse primer introduced a
Sma I cleavage site (underlined) downstream of the stop codon (5'-
TCCCCCGGGctaAGGATGAGGAGGCTGAAC-3"). T9A and T9D substitutions were
made in that clone as follows: a pair of T9A oligonucleotides (upper, 5’-
GATCCATGTCCAAGGTTTCCCCCACTGAGgEccGAAC-3’ and lower, 5’-
GTTCggcCTCAGTGGGGGAAACCTTGGACATG-3’ (where substituted amino acids
are indicated in lower case)) and a pair of T9D oligonucleotides (upper, 5’-
GATCCATGTCCAAGGTTTCCCCCACTGAGgacGAAC-3’ and lower, 5’-
GTTCgtcCTCAGTGGGGGAAACCTTGGACATG-3’) were annealed in 10 mM Tris-
HCL, pH 7.5, 100 mM NaCl and 10 mM MgCl, by first heating to 95 °C for 2 min
followed by slow cooling to room temperature over a period of 1 h, resulting in annealed,
double stranded “adaptors”. pGEX-6P-1/chicken S100A11 was digested with BamH I
and Eco47 III and the released fragment was replaced with either the T9A or T9D
annealed adaptor.

Rat S100A11 (NCBI accession number AY688465) was amplified from a rat cerebral
vessel first strand cDNA using oligonucleotides designed against the mouse S100A11

cDNA (NCBI accession number BC021916) using a Kpn I containing forward primer 5’-
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GGGGTACCatgCCTACAGAGACTGAGAG-3’ and a Xba I containing reverse primer
5’-GCTCTAGAttaGATTCGCTTCTGGGAAGT-3’ followed by cloning into the same
sites of pcDNA3.0. For protein expression in bacteria, that coding region was amplified
using the forward Nde I containing primer: 5-
CACACATatgCCTACAGAGACTGAGAGATG-3’ and reverse EcoR 1 primer: 5°-
GTGTGAATTCttaGATACGCTTCTGGGAAG-3’ and cloned into those same sites in
the expression vector pAEDA4.

Chicken annexin A6 (NCBI accession number Q6B344) was amplified from a first
strand cDNA prepared from chicken gizzard total RNA, and subcloned into pGEX-6P-1
(Amersham Biosciences) via the EcoR I and Xho I sites. The forward primer introduced
an EcoR I cleavage site (5-CGGAATTCatgGCACCCAAAGGAAAGGTT-3") and the
reverse primer introduced an Xho I cleavage site (5°-
CCGCTCGAGctaGTCGTCCCCCCCGCACAG-3"). The pGEX-6P-1/A(1-20)annexin
A6 was prepared by amplifying the above clone using the forward EcoR I containing
primer 5’-CGGAATTCAGCCAGGATGCAGACGCCTTG-3"' and the same reverse
primer listed above for the full length chicken annexin A6. pGEX-6P-1/N-terminal half
annexin A6 (G5-R339) was amplified using the forward EcoR I containing primer 5’-
GAGAGAATTCGGAAAGGTTTACAGGGGCTCGGTGAAGGAC-3’ and the reverse
Xho I containing primer 5’-
TCTCTCTCGAGtcaCCGATAGGCCACCTGCGCTGCCTCG-3". pGEX-6P-1/C-
terminal half annexin A6 (M340-D672) construct was generated from the pGEX-6P-

1/annexin A6 clone by digestion with EcoR I and Blp I and replacement of the N-
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terminal half fragment released with the annealed oligonucleotides (upper, 5°-

AATTCATGTGGGAGC-3’ and lower, 5’-TAAGCTCCCACATG-3’).

2.1.2 PCR

PCR was carried out by adding 2 pL of cDNA into 48 puL of PCR mixture. The PCR
mixture contains 1X PCR buffer (50 mM KCI, 10 mM Tris-HC], pH 8.3, 1.5 mM MgCl,),
0.2 mM dNTP mixture (Promega, WI), 0.1 ng of each primer, and 2 units of Taq DNA

polymerase (Promega, WI).

2.1.3 Electrophoresis of DNA on agarose gels

Agarose was added to 1 x TAE to obtain a final concentration between 0.7 - 2% and the
suspension was boiled until the agarose was completely solubilized. When the solution
was cooled to ~ 50 °C, ethidium bromide was added (1 pL/mL). DNA samples were
mixed with gel loading buffer and applied to the gel. Electrophoresis was carried out in 1

x TAE buffer at 100 V. The DNA was visualized under UV light.

2.1.4 Isolation of DNA from agarose gels

The desired DNA bands were excised from the agarose gel. The gel slice was weighed
and 3 volumes of Buffer QG were added to 1 volume of gel. To solubilize the agarose
and bind the DNA, the solution was incubated at 50 °C for 10 min. Every 2 min, the
sample was mixed by vortexing. The solution was then applied to a QIAquick spin
column. After centrifuging the sample for 30 s, the supernatant was carefully removed

with a pipette. The pellet was washed with 500 pL of buffer QG and then twice with
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buffer PE. DNA was eluted with 10 mM Tris-HCI, pH 7.5 or H,O. All non-nucleic acid
impurities such as agarose, proteins, salts and ethidium bromide were removed during the

washing steps.

2.1.5 Purification of DNA from the PCR mixture

5 volumes of buffer PB were added to 1 volume of the PCR mixture. A QIAquick spin
column was placed in a 2 mL collection tube. The mixed sample was applied to the
QIAquick column and centrifuged for 30 - 60 s. The flow-through was discarded and the
QIAquick column was washed with 0.75 mL buffer PE. The flow-through was discarded
again prior to centrifugation for an additional 1 min at maximum speed. Finally, the
QIAquick column was placed in a clean 1.5 mL microfuge tube, 50 pL elution buffer EB

or H,O was added to the centre of the QIAquick column and centrifuged for 1 min.

2.1.6 Dephosphorylation of DNA by calf intestinal phosphatase (CIP)

For blunt-end ligation and to prevent the re-ligation of vectors, the 5’ phosphate group of
the vector must be removed. DNA fragments (2.5 pg) were dephosphorylated at 37 °C for
30 min in 100 pL of reaction mixture consisting of 1x CIP buffer and 1 pL of calf
intestinal phosphatase (CIP) (Fermentas Life Science). EDTA (5 mM) was then added to
the reaction and incubated at 65 °C for 15 min to inactivate the enzyme. The DNA

fragments were purified by phenol and ethanol precipitation before ligation.

2.1.7 Cohesive-end ligation
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The plasmid DNA or DNA fragment was prepared by cutting with suitable restriction
enzymes, followed by purification. 1:3 molar ratio of vector: insert DNA fragments
together with 1 pL of T4 ligase were incubated in 1x ligation buffer in a total volume of

20 pL for 4 h at RT or overnight at 16 °C.

2.1.8 Mini-preparation of plasmid DNA

Three mL overnight cultures were grown in LB media with 100 pg/mL ampicillin at 37
°C overnight. Cells were pelleted at 3000 x g for 15 min. The supernatant was removed
and pellets were resuspended in 250 pL Buffer P1. 250 uL Buffer P2 (Lysis Buffer) was
added and incubated at RT for 5 min. 350 pL ice-cold 3 M acidic KOAc (Neutralisation
Buffer) was added and mixed by inverting the tubes 6 - 7 times and incubated on ice for 5
min. After centrifugation (10,000 x g for 10 min), the supernatant was transferred to a
fresh Qiagen mini-prep column. PE buffer (750 pL) was added and the column spun at
10,000 x g for 1 min. The column was spun again at 10,000 % g for 1 min to remove the
remaining PE buffer. The column was put into an autoclaved Eppendorf tube and 50 puL
of TE buffer or autoclaved dd H,O added to the column, prior to centrifugation at 13,000

x g for 1 min to obtain purified DNA.

2.1.9 Bacterial colony PCR

Bacterial colony PCR allows rapid detection of transformation success when primers are
available to allow determination of correct ligation products by size or hybridization. The
strain of interest was streaked to obtain single colonies ~ 15 h before use and an average

colony was selected for amplification. The 40 pL reaction cocktail [1 pL of colony
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suspension, 4 pL 10 x PCR Buffer (without Mg”"), 4 uL 25 mM MgCl, (final conc. = 2.5
mM), 1 uL ANTP (2.5 mM each, final conc. = 62.5 uM), 0.4 pL forward primer (10 mM
stock, final conc. = 100 nM), 0.4 uL reverse primer (10 mM stock, final conc. = 100 nM),
28.7 uL ddH,O, 0.5 puL Taq polymerase] was prepared. The PCR was performed as
follows: 96 °C for 2 min, 94 °C for 40 s, 55 °C for 40 s, 72 °C for 1 min/kb expected

product, 29 more cycles (30 total), 72 °C for 10 min, and 4 °C on hold.

2.1.10 Measurement of DNA concentration

The identity, integrity and purity of the DNA were subsequently analyzed by agarose gel
electrophoreses. The DNA concentration was determined using a UV spectrophotometer
at a wavelength of 260 nm. An absorption of 1.0 at 260 nm corresponds to a

concentration of 50 pg/puL. double-stranded DNA.

2.1.11 DNA sequencing

After subcloning and PCR-based mutagenesis, all products were subjected to DNA
sequencing in the University of Calgary DNA Sequencing Facility. Basically, DNA was
sequenced by generating fragments through the controlled interruption of enzymatic
replication. DNA polymerase I was used to copy a particular sequence of single-strand
DNA. The synthesis was primed by the complementary fragment. In addition to the four
deoxyribonucleoside triphosphates (ANTP), the incubation mixture contained a 2°, 3’-
dideoxy analogue of one of them. The incorporation of this analogue blocked further
growth of the new chain because it lacked the 3’-hydroxyl terminus needed to form the

next phosphodiester bond. A fluorescent tag was attached to the oligonucleotide primer, a
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differently colored one in each of the four chain-terminating reaction mixtures. The
reaction mixtures were combined and electrophoresed together. The separated bands of
DNA were then detected by their fluorescence, and the sequence of their colors directly

yielded the base sequence.

2.1.12 RT-PCR

RT-PCR (reverse transcriptase-polymerase chain reaction) is a technique in which an
RNA strand is transcribed into a DNA complement for amplification by PCR.
Transcribing an RNA strand into a DNA complement is termed reverse transcription (RT)
and is catalysed by the enzyme reverse transcriptase. The complementary DNA is then
amplified by PCR. mRNA (~ 300 ng) was mixed with 1 pL oligo dT and 1 uL 10 mM
dNTP and incubated at 65 °C for 5 min for denaturation and held at 4 °C. Then 4 uL 5 X
PCR Buffer, 1 pL DTT, 1 uL RNAase out, 1 pL. RT-superscript III were added and
incubated at 25 °C for 5 min to anneal, 50 °C for 1 h to extend and stopped by heating at
70 °C for 15 min. Then a regular PCR was performed using specific primers to amplify

the specific cDNA product.

2.1.13 Transformation of competent bacteria and bacterial manipulation

After thawing competent bacteria (BL21) on ice, a maximum of 20 ng ligated DNA or
purified plasmid DNA was added to 15 pL competent cells in a cold 0.5 mL tube. Then
the DNA and competent bacteria were mixed gently and kept on ice for 20 min or longer.
The bacteria were then heat-shocked at 37 °C for 20 s, 250 pL antibiotic-free SOC

medium were added, and aerated at 37 °C for 60 min. Selection of transformed bacteria
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was done by plating 125 pL of the bacterial suspension on antibiotic-containing agar
plates for 16 - 20 h. Only bacteria that have taken up the desired plasmids can grow on
the agar plates. A single colony was then expanded in LB medium and used for DNA
preparation.

For overnight mini cultures, single colonies were picked and inoculated in LB medium
with antibiotic and shaken overnight at 37 °C. This pre-culture was then used for
preparing frozen glycerol cultures, plasmid DNA or protein purification. For storage of
bacteria, a glycerol stock culture was prepared by growing bacteria to an OD of 0.8 at a
wavelength of 600 nm in culture medium. Bacterial culture (500 pL) was taken, added to
500 pL glycerol and mixed thoroughly in a small 1.5 mL tube. This stock solution was

subsequently frozen at —80 °C.

2.2 Protein methods

2.2.1 Protein purification

2.2.1.1 Purification of S100A11 from chicken gizzard

Chicken gizzards (350 g, purchased from Lilydale Foods Ltd.) were minced and
homogenized (2 x 30 s) using a Waring blender in 3.5 volumes of 40 mM Tris-HCI (pH
7.5), 80 mM NaCl, 10 mM EGTA, 5 mM EDTA, 1 mM PMSF and 1 mg/mL aprotinin.
The homogenate was centrifuged at 30,000 x g for 60 min. The supernatant was filtered
through cheesecloth and adjusted to 90% saturation with solid (NH4),SO4 over a period
of 15 min. The mixture was stirred for an additional 30 min and centrifuged at 30,000 x g
for 30 min. Pellets were suspended in a minimal volume (200 mL) of 40 mM Tris-HCI

(pH 7.5), 80 mM NaCl and 1 mM EDTA (buffer A) and dialyzed against buffer A. The
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dialysate was clarified by centrifugation at 30,000 x g for 60 min, adjusted to 0.2 mM
with solid CaCl, and applied to a phenyl-Sepharose column (1.6 X 20 cm) equilibrated
with 40 mM Tris-HCI (pH 7.5), 80 mM NaCl and 2 mM CaCl, (buffer B). The column
was washed with buffer B until 4,3, returned to baseline and bound proteins were eluted
using buffer B with 4 mM EGTA in place of 2 mM CaCl, at a flow rate of 20 mL/h.
Fractions of 10 mL were collected and analyzed by SDS-PAGE, pooled and dialyzed
against 20 mM imidazole-HCI (pH 6.2) and 1 mM EDTA (buffer C), and loaded onto a
column (2.6 x 10 cm) of DEAE-Sephacel equilibrated with buffer C. The column was
washed with buffer C until 4,50 returned to baseline. SI00A11 was recovered in the flow-
through fractions. After dialysis against three changes of buffer B, this fraction was
applied to a column (1 % 10 cm) of phenyl-Sepharose equilibrated with buffer B. The
column was washed with buffer B until 4,3 returned to baseline and bound proteins were
eluted with 40 mM Tris-HCI (pH 7.5), 80 mM NaCl and 4 mM EGTA. Fractions of 1 mL
were collected and the protein content was determined by SDS-PAGE. S100A11-

containing fractions were pooled and stored frozen at -80 °C.

2.2.1.2 Purification of GST fusion protein

2.2.1.2.1 S1I00A11 and site-directed mutants

Four hundred mL of 2 x YT medium were inoculated with a single colony of E.coli BL21
(DE3) transformed with the expression vector (pGEX-6P-1/S100A11 construct), and
grown at 37 °C with shaking for aeration (ODgpo= 0.6 - 0.8). SI00A11 expression was
induced by the addition of isopropyl-p-D-thiogalactopyranoside to a final concentration

of 0.1 mM. After 4 h of incubation, the culture was harvested by centrifugation at 8,000 x
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g. The pellet was resuspended in 25 mL of 1 x PBS and frozen at -80 °C. The cell pellet
was thawed and sonicated (6 x 30 s) on ice. Triton X-100 was added to a final
concentration of 1% and mixed gently for 30 min at room temperature. The sample was
centrifuged for 20 min at 15,000 x g at 4 °C. The supernatant was collected, glutathione-
Sepharose 4 beads (Pharmacia Biotech.) were added and gently rotated at room
temperature for 30 min prior to centrifugation for 1 min at 3,000 x g and 4 °C. The
supernatant was discarded. The beads were washed 3 times with 1 < PBS and packed into
a column (1.6 x 10 cm). The bound GST-S100A11 was eluted with 10 mM reduced
glutathione in 50 mM Tris-HCI (pH 8.0). The eluates containing GST-S100A11 were
collected and dialyzed against 50 mM Tris-HCI (pH 7.0), 150 mM NaCl, 1 mM EDTA
and 1 mM DTT (PreScission Cleavage Buffer). To cleave the GST from S100A11, the
PreScission protease (Pharmacia Biotech.) was added to the dialysate and the cleavage
reaction proceeded at 4 °C for 16 h.

Typically, glutathione-Sepharose 4B is used to remove the GST following the cleavage
reaction. We found that a few proteins “co-purified” with the cleaved SI00A11 which
required a second purification step to be removed. A phenyl-Sepharose CL-4B
(Pharmacia Biotech.) column purification step was employed as follows: Phenyl-
Sepharose was washed and equilibrated with 1 x PBS containing 2 mM MgCl, and
CaCl,. MgCl, and CaCl, were added to a final concentration of 2 mM. Phenyl-Sepharose
(50% slurry) was added, rotated for 10 min at room temperature, and poured into a
column (1.6 x 10 cm). The flow-through fractions were discarded. Non-specifically

bound proteins were washed off the column using high salt buffer containing 20 mM
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Tris-HCI (pH 7.5), 1 M NaCl and 0.2 mM DTT. Purified S100A11 was eluted with 20
mM Tris-HCI (pH 7.5), 4 mM EGTA and 0.2 mM DTT.
The site-directed mutants, T9A and T9D of S100A11 were purified following the same

process as the purification of WT S100A11.

2.2.1.2.2 Annexin A6, GST-annexin A6, A(1-20)annexin A6, C-terminal half annexin A6
(M340-D672), A(1-4)N-terminal half annexin A6 (G5-R339)

2 x YT medium (400 mL) was inoculated with a single colony of E. coli BL21 (DE3)
transformed with the expression vector, and grown at 37 °C with shaking for aeration
(ODgop = 0.8). Protein expression was induced by the addition of IPTG to a final
concentration of 0.1 mM. After 3 h of incubation, the culture was harvested by
centrifugation at 8,000 x g. The pellet was resuspended in 25 mL of 1 x PBS and frozen
at -80 °C. The cell pellet was thawed and sonicated (6 x 30 s) on ice. Triton X-100 was
added to a final concentration of 1%, mixed gently for 30 min and centrifuged for 20 min
at 17,000 x g and 4 °C. The supernatant was collected, glutathione-Sepharose 4B
(Pharmacia Biotech.) added and gently rotated at room temperature for 30 min prior to
centrifugation for 1 min at 3,000 % g and 4 °C. The supernatant was discarded. The beads
were washed 3 times with 1 X PBS and packed into a column (1.6 x 10 cm). The bound
GST-fusion protein was eluted with 10 mM reduced glutathione in 50 mM Tris-HCI (pH
8.0). The eluted fractions containing GST-fusion protein were pooled and dialyzed
against 50 mM Tris-HC1 (pH 7.0), 150 mM NaCl, | mM EDTA and 1 mM DTT

(PreScission Cleavage Buffer). To cleave the GST from the target protein, the
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PreScission protease (Pharmacia Biotech.) was added to the dialysate and incubated at 4
°C for 16 h.

A Mono Q HR 16/10 anion exchange column for FPLC (Fast Protein Liquid
Chromatography) System (Pharmacia Biotech.) was employed to remove the co-purified
proteins as follows:

Purification of annexin A6: The cleaved protein was dialyzed against buffer A (20
mM Tris-HCI, pH 7.5) and applied to a Mono Q column previously equilibrated with
buffer A. The column was washed with buffer A until 4,5 returned to baseline and bound
proteins were eluted with a linear gradient of 0 — 0.5 M NaCl. Fractions were collected at
a flow rate of 0.5 mL/min.

Purification of C-terminal half annexin A6 (M340-D672): The cleaved protein was
dialyzed against buffer A (20 mM Tris-HCI, pH 7.5) and applied to a Mono Q column
previously equilibrated with buffer A. The column was washed with buffer A until 4»g
returned to baseline. The target protein eluted with 180 mM NaCl and the contaminating
proteins with 1 M NacCl.

Purification of A(1-20)annexin A6: The cleaved protein was dialyzed against buffer A
(20 mM Tris-HCL pH 7.5) and applied to a Mono Q column previously equilibrated with
buffer A. The column was washed with buffer A until 4,5 returned to baseline and bound
proteins were eluted with a linear gradient of 0 — 0.5 M NaCl. Fractions were collected at
a flow rate of 0.5 mL/min.

Purification of A(1-4)N-terminal half annexin A6 (G5-R339): The cleaved protein
was dialyzed against buffer A (20 mM Tris-HCI, pH 7.5) and applied to a column (1.2 x

5 cm) of DEAE-Sephacel equilibrated with buffer A. The column was washed with
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buffer A until A»g0 returned to baseline. The column was washed with 100 mM NaCl and
bound proteins were eluted with a linear 0.1 - 0.3 M NaCl gradient. Fractions were
collected at a flow rate of 15 mL/h.

As shown in Fig. 11 (page 61), SI00A11, annexin A6, C-terminal half annexin A6
(M340-D672) and their GST-fusion counterparts were purified to electrophoretic
homogeneity. The A(1-20)N-terminal annexin A6 and A(1-4)N-terminal half annexin A6

(G5-R339) were to some extent contaminated with GST.

2.2.2 8100A11 affinity chromatography

2.2.2.1 Generation of S100A11-Sepharose and control columns

CNBr-activated Sepharose 4 Fast flow beads (Pharmacia Biotech.) were swollen in 1 mM
HCI for 30 min. Beads were washed with 15 gel volumes of cold 1 mM HCI and then
with coupling buffer (0.1 M NaHCO;, pH 8.3, 0.5 M NaCl). SI00A11 (7 mg) was
coupled to the resin in the same buffer overnight at 4 °C. For the control column, no
S100A11 was included. The supernatant was collected and the protein concentration
determined by the BCA assay. After washing the resin with coupling buffer again, any
remaining reactive groups were blocked with 1 M ethanolamine (pH 9) for 2 h at room
temperature. The resin was washed with alternating pH buffers of 0.1 M NaOAC (pH 4),
0.5 M NaCl and 0.1 M NaHCOs (pH 10), 0.5 M NaCl for 5 cycles. The resin was

equilibrated with the appropriate buffer.

2.2.2.2 Affinity chromatography of chicken gizzard extract
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Buffer A: 30 mM Tris-HCI (pH 7.5), 150 mM NaCl, 2 mM EGTA, 0.3% Triton X-100, 1
mM DTT, 0.1 mg/mL leupeptin and 0.01 mg/mL pepstatin A.

Buffer B: 30 mM Tris-HCI (pH 7.5), 150 mM NaCl, 2.4 mM CaCl,, 0.3% Triton X-100,
I mM DTT, 0.1 mg/mL leupeptin and 0.01 mg/mL pepstatin A.

Buffer C: 30 mM Tris-HCI (pH 7.5), 150 mM NaCl, 0.2 mM CaCl,, | mM DTT.

Buffer D: 30 mM Tris-HCI (pH 7.5), 150 mM NaCl, 4 mM EGTA, 1 mM DTT.

All procedures were carried out at 4 °C. Frozen chicken gizzards were chopped and
minced to yield 1 g of muscle mince and homogenized in a Waring blender for 2 x 30 s
in 4 volumes of buffer A. The homogenate was centrifuged at 10,000 x g for 15 min. The
supernatant was diluted with the same volume of buffer B to reach a final concentration
of 0.2 mM CaCl, (buffer C) and loaded on the S100A11 affinity column (1.6 x 10 cm)
overnight (10 mL/h). The column was washed with buffer C until A4, returned to
baseline (10 mL/h). The bound proteins were eluted with buffer D and fractions (3 mL)
were collected at a flow rate of 10 mL/h.
Two control experiments were performed:

(1) To the control column (no S100A11 coupled), the same procedures as described above
were performed.

(i1) The homogenate supernatant was loaded on the SI00A11 affinity column in buffer D

(4 mM EGTA) and bound proteins eluted with buffer D.

2.2.2.3 Affinity chromatography with purified annexin A6, A(1-20)annexin A6, C-

terminal half annexin A6 (M340-D672), A(1-4)N-terminal half annexin A6 (G5-R339)
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Purified annexin A6, A(1-20)annexin A6, C-terminal half annexin A6 (M340-D672), and
N-terminal half annexin A6 (G5-R339) were dialyzed against buffer C and loaded on the
S100A11 affinity column. The column was washed with buffer C until 4,59 returned to
baseline (10 mL/h). Bound proteins were eluted with buffer D and fractions (1 mL)

collected at a flow rate of 10 mL/h.

2.2.3 Annexin A6 affinity chromatography

2.2.3.1 Generation of annexin A6-Sepharose and control column

CNBr-activated Sepharose 4 Fast flow beads (Pharmacia Biotech.) were swollen in 1 mM
HCI for 30 min. Beads were washed with 15 gel volumes of cold 1 mM HCI and then
with coupling buffer (0.1 M NaHCO;, pH 8.3, 0.5 M NaCl). Purified recombinant
annexin A6 (2.7 mg) in coupling buffer was coupled to 0.5 mL of the resin (with 6 mg
protein/mL coupling capacity) overnight at 4 °C. For the control column, no annexin A6
was included. The supernatant was collected and the protein concentration determined by
the BCA assay to calculate the coupling efficiency (2.1 mg annexin A6 were coupled, i.e.
77.8% coupling efficiency). After washing the resin with coupling buffer again, any
remaining reactive groups were blocked with 1 M ethanolamine (pH 9) for 2 h at room
temperature. The resin was washed with alternating pH buffers of 0.1 M NaOAc (pH 4),
0.5 M NaCl and 0.1 M NaHCOs (pH 10), 0.5 M NaCl for 5 cycles. The resin was

equilibrated with the appropriate buffer.

2.2.3.2 Affinity chromatography of purified chicken S100411
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Purified S100A11 (200 pg) was dialyzed against buffer C and loaded on the annexin A6
affinity column. The column was washed with buffer C until A, returned to baseline.
Bound proteins were eluted with buffer D and fractions (0.5 mL) were collected at a flow
rate of 15 mL/h.

Control experiments were performed: The same procedures as described above were

performed with the control column (no annexin A6 coupled).

2.2.4 In vitro phosphorylation of purified recombinant chicken S100A411

2.2.4.1 S100411 phosphorylation by cPKC

Final concentrations (250 pl reaction mixture in a 1.5 mL tube): 0.1 mg/mL S100A11, 20
mM Tris-HCI (pH 7.5), 10 mM MgCl,, 0.2 mM CaCl,, fresh lipids (mixed micelles, 1/10
volume), cPKC (2.5 pg/mL), microcystin-LR (phosphatase inhibitor; 10 uM), 0.2 mM [y-
2P]ATP.

61.8 uL phosphatidylserine from porcine brain (Avanti Polar Lipids, Inc.) and 15.4 pL
1, 2-diolein (Doosan Serdary Research Lab) were mixed and dried in a N, stream. 0.5 mL
0.3% Triton X-100/Na-HEPES, pH 7 was added and incubated at 30 °C for 30 min. The
mixture was sonicated (2 x 10 s) and 25 uL were added to the reaction tube as mixed
micelles. The mixture was preincubated for 2 min at 30 °C and reaction started by
addition of [y-"*P]ATP. A 20 pL aliquot was spotted onto P-81 phosphocellulose paper
squares (Whatman). Following extensive washes for 5 min in 3 x 500 mL of 0.5% (v/v)
phosphoric acid to remove residual radiolabeled ATP, the P-81 paper squares were
briefly rinsed in acetone and dried. Radioactivity bound to the paper was quantified by

Cerenkov counting in a Beckman model LS6000SC liquid scintillation counter. A 10 pL
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aliquot (1 pg protein) was added to SDS gel sample buffer after 1 h, boiled for 5 min and

subjected to SDS-PAGE. The gel was exposed to Kodak BioMax XAR film for 16 h.

2.2.4.2 Affinity chromatography of phosphorylated chicken S100411

S100A11 (100 pg) was phosphorylated for 1 h in 1 mL of solution and applied to the
annexin A6 affinity column. The column was washed with buffer C until 4,5 returned to
baseline. Bound protein was eluted with buffer D and fractions (0.5 mL) were collected at
a flow rate of 16 mL/h. All fractions were subjected to SDS-PAGE and exposed for 16 h
to Kodak BioMax XAR film. Non-phosphorylated S100A11 was also applied to the
affinity column in the presence of liposomes as control and subjected to the same

procedure.

2.2.5 Antibody generation, purification and characterization

2.2.5.1 Generation and purification of rabbit anti-(rat annexin A6)

Polyclonal antibodies to rat annexin A6 were generated against the N-terminal peptide of
12 amino acids (AKIAQGAMYRGS) by Global Peptide Services (Fort Collins, CO,
USA). The IgG fraction was purified using a High Trap-protein A column (5 mL, Sigma)
as follows:

5 mL serum were diluted with 40 mL buffer A (20 mM sodium phosphate, pH 7) and
centrifuged at 4,000 x g for 1 min. The pellet was removed. The column was washed
with 20 mL water (2 - 5 mL/min) and then with 40 mL buffer A (2 - 5 mL/min). 50 mL
diluted serum were loaded on the High Trap-protein A column (2 - 5 mL/min), keeping

an aliquot (50 pL), and the column was washed with 25 mL buffer A (2 - 5 mL/min).
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Bound protein was eluted with 100 mM citric acid (2 - 5 mL/min), and collected in tubes
containing 1.5 mL Tris-HCI (2 M, pH 7.5). Protein eluted between 4 and 10 mL. The pH
of the eluate was adjusted with Tris-HCl (2 M, pH 7.5) as needed. The column was
washed with 20 mL buffer A (2 - 5 mL/min), then with water and finally with 20%

ethanol for storage.

2.2.5.2 Characterization of polyclonal rabbit anti-(rat annexin A6) and monoclonal anti-
(rat S100411)

Proteins were extracted from 10 freeze-dried rat tail arteries by addition of 500 pL of 50
mM Tris/HCL pH 6.8, containing 1% SDS and 100 pM diisopropylfluorophosphate.
Samples were heated to 95 °C for 5 min, and mixed for 60 min before the addition of 100
uL of 2 x sample buffer prior to 7.5-20% acrylamide SDS-PAGE at 35 mA for 3.5 h. The
proteins were transferred to 0.2 um nitrocellulose membranes (Bio-Rad) for 3 h at 80 V
and 4 °C in 25 mM Tris, 192 mM glycine, 20% (v/v) methanol using a Bio-Rad Trans
Blot Cell. The blots were blocked with 5% non-fat dried milk in TBST for 1 h, and
incubated with 1% non-fat dried milk/TBST containing anti-annexin A6 (1:10,000
dilution) for 1 h. Membranes were washed and incubated with anti-rabbit IgG—
horseradish peroxidase-conjugated secondary antibodies (1:10,000 dilution, Chemicon).
Immunoreactive bands were visualized using SuperSignal® West Pico Enhanced
Chemiluminescent Substrate (Pierce). In control experiments to demonstrate antibody
specificity, the annexin A6 antigenic peptide (AKIAQGAMYRGS) was added to 1%

non-fat dried milk/TBST containing anti-annexin A6 (1:10,000 dilution) and incubated
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for 1 h to block the antibody before addition to the blot. The ratio between annexin A6
antigenic peptide and anti-annexin A6 is 2/1 (w/w).

For rat S100A11 detection, proteins were transferred to 0.2 pm nitrocellulose
membranes (Bio-Rad) for 3 h at 40 V and 4 °C in 25 mM potassium phosphate buffer
(pH 7.0) using a Bio-Rad Trans Blot Cell. The blots were blocked with 5% non-fat dried
milk in TBST for 1 h, and incubated with 1% non-fat dried milk/TBST containing
monoclonal mouse anti-(rat SI00A11) for 1 h. Membranes were washed and incubated
with anti-rabbit IgG—horseradish peroxidase-conjugated secondary antibodies (1:10,000
dilution; Chemicon). Immunoreactive bands were visualized using SuperSignal® West

Pico Enhanced Chemiluminescent Substrate (Pierce).

2.2.5.3 Characterization of polyclonal rabbit anti-(chicken S100411)

Polyclonal rabbit anti-(chicken SI00A11) was generated by our laboratory (Allen et al.,
1996). Serial dilutions of purified recombinant chicken S100A11 were subjected to
17.5% acrylamide SDS-PAGE at 200 V for 45 min. The proteins were transferred to 0.2
pum nitrocellulose membranes (Bio-Rad) for 3 h at 40 V and 4 °C in 25 mM potassium
phosphate buffer (pH 7.0) using a Bio-Rad Trans Blot Cell. Potassium phosphate buffer
was used instead of the usual Tris-glycine-methanol buffer to prevent small proteins like
S100A11 from going through the membrane. The blots were blocked by treatment with
0.5% (w/v) I-BLOCK™ (Tropix) in TBS (20 mM Tris-HC, pH 7.5, 0.5 M NaCl) for 1 h
at room temperature, washed 4 times (5 min each) with TBS, and then incubated with
primary antibody (polyclonal rabbit anti-(chicken S100A11)) at 1:10,000 dilution in TBS

containing 0.1% [-BLOCK. The membranes were washed 4 times (5 min each) with TBS

40



and incubated for 1 h with goat anti-(rabbit IgG)-horseradish peroxidase (HRP) conjugate
(Chemicon). The membranes were washed 4 times (5 min each) with TBS and
immunoreactive bands were visualized using SuperSignal® West Femto Maximum

Sensitivity Enhanced Chemiluminescent Substrate (Pierce).

2.2.6 Gel overlay

One pg of purified SIO0A11 (positive control) and 1 pg of purified annexin A6, A(1-
20)N-terminal annexin A6, C-terminal half annexin A6 (M340-D672), or A(1-4)N-
terminal half annexin A6 (G5-R339) were subjected to SDS-PAGE (7.5 - 20%
acrylamide gradient gel). The proteins were transferred to 0.2 pum nitrocellulose
membranes (Bio-Rad) for 3 h at 80 V and 4 °C in 25 mM Tris, 192 mM glycine, 20%
(v/v) methanol using a Bio-Rad Trans Blot Cell and the membranes were dried overnight.
Membranes were wet with TBS in the presence of 0.2 mM CaCl, or 4 mM EGTA and
blocked by treatment with 0.5% (w/v) I-BLOCK™ in TBS for 1 h at room temperature in
the presence of 0.2 mM CaCl, or 4 mM EGTA. Membranes were then incubated with
purified S100A11 (100 pg/mL in 30 mM Tris-HCI, pH 7.5, 150 mM NaCl, 0.2 mM
CaCly, I mM DTT or 30 mM Tris-HCL, pH 7.5, 150 mM NaCl, 4 mM EGTA, 1 mM
DTT) for 4 h at room temperature and washed 4 times (5 min each) with TBS containing
0.2 mM CaCl, or 4 mM EGTA prior to incubation with primary antibody (polyclonal
rabbit anti-(chicken S100A11)) at 1:10,000 dilution in TBS containing 0.1% [-BLOCK
and either 0.2 mM CaCl, or 4 mM EGTA. Membranes were washed 4 times (5 min each)
with TBS containing 0.2 mM CaCl, or 4 mM EGTA and incubated for 1 h with goat anti-

(rabbit IgG)-horseradish peroxidase (HRP) conjugate. Membranes were then washed 4
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times (5 min each) with TBS containing 0.2 mM CaCl, or 4 mM EGTA and
immunoreactive bands were visualized using SuperSignal® West Femto Maximum
Sensitivity Substrate. The protein molecular weight standards used in gel overlay

procedures were PageRuler™ Prestained Protein Ladder (Fermentas).

2.2.7 Ca’*-dependent binding of tryptic fragments of annexin A6 to immobilized
S100411

Purified recombinant annexin A6 was dialyzed against and diluted by 25 mM Tris (pH
7.5) to a final concentration of 0.2 mg/mL (10 mL total volume) prior to partial digestion
by 40 pg [1/50 (w/w) ratio of trypsin/annexin A6] of Sequencing Grade Modified TPCK-
Trypsin (Promega) at 30 °C for 15 min. Digestion was stopped by addition of soybean
trypsin inhibitor (STI, United States Biochemical Corporation) to 0.1 mg/mL.
Concentrated Tris-HCI (pH 7.5), NaCl, CaCl, and solid DTT were added to obtain a final
buffer of 30 mM Tris-HCI (pH 7.5), 150 mM NaCl, 0.2 mM CaCl, 1 mM DTT and
loaded onto the S100A11 affinity column. The column was washed with buffer (30 mM
Tris-HCI1 pH 7.5, 150 mM NaCl, 0.2 mM CaCl,, 1 mM DTT and 0.1 mg/mL STI) until
Ango returned to baseline (10 mL/h). Bound peptides were eluted with 30 mM Tris-HC1
(pH 7.5), 150 mM NaCl, 4 mM EGTA, 1 mM DTT and 0.1 mg/mL STI and fractions (1

mL) were collected at a flow rate of 10 mL/h.

2.2.8 Chemical cross-linking
Purified recombinant chicken annexin A6 (0.2 mg/mL) and purified recombinant chicken

S100A11 (0.2 mg/mL) were incubated together in 0.2 M triethanolamine (pH 8.0) in the
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presence of 4 mM EGTA or 1 mM CaCl, for 10 min at room temperature. A 50-fold
molar excess (relative to annexin A6) of dimethylsuberimidate (DMS, Pierce) was added
to start the cross-linking reaction and samples of reaction mixtures were withdrawn at
selected times from O to 5 h. Cross-linking reactions were stopped by adding Tris to a
final concentration of 50 mM. S100A11 or annexin A6 alone were treated simultaneously
as controls. Then 10 pg S100A11 and 10 pg annexin A6 were subjected to SDS-PAGE
(7.5 - 20 % acrylamide gradient gel).

The proteins on an identical gel run in parallel were transferred to 0.2 um nitrocellulose
membranes for 3 h at 80 V and 4 °C in 25 mM Tris, 192 mM glycine, 20% (v/v)
methanol using a Bio-Rad Trans Blot Cell and the membranes were dried overnight.
Membranes were wet with TBST, blocked by treatment with 0.5% (w/v) I-BLOCK™ in
TBST (20 mM Tris-HCl pH 7.5, 0.5 M NaCl, 0.05% Tween) for 1 h at room temperature,
and incubated with primary antibody (polyclonal rabbit anti-(chicken S100A11)) at
1:10,000 dilution in TBST containing 0.1% I[-BLOCK. The membranes were washed 4
times (5 min each) with TBST, incubated for 1 h with goat anti-(rabbit IgG)-horseradish
peroxidase (HRP) conjugate, washed 4 times (5 min each) with TBST and visualized

using SuperSignal® West Femto Maximum Sensitivity Substrate.

2.2.9 Liposome co-pelleting assay

2.2.9.1 Ca’*-dependent binding of S100411 to phosphatidylserine liposomes

Four mg of phosphatidylserine from porcine brain (Avanti Polar Lipids, Inc.) were dried
in a Nj stream. 1.5 mL of buffer A (50 mM imidazole-HCIL, pH 7.4, 150 mM NaCl) were

added and incubated at 30 °C for 30 min. After vortexing, the suspension was sonicated
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on ice for 10 x 30 s. The binding assay was carried out in a total volume of 200 puL of
buffer A containing 0.2 mM CaCl, or 4 mM EGTA, 100 pg liposomes, with 0.5, 1, 2.5,
5 or 10 pg of purified recombinant chicken SIO0A11 at room temperature for 20 min.
Liposomes were sedimented by centrifugation using a Beckman TL 100 tabletop
ultracentrifuge at 100,000 x g for 30 min. The pellet was resuspended in 50 uL EGTA or
Ca’" buffer, 50 pL 2 x sample buffer was added and boiled for 5 min prior to SDS-PAGE

of both the supernatants and pellets.

2.2.9.2 Liposome preparation from rat tail artery and co-pelleting assay

Rat tail arterial smooth muscle was ground in 15 volumes of buffer A (50 mM Tris-HCI,
pH 7.5, 150 mM NaCl, 1 mM DTT, 1 mM CaCl,, 1 pg/mL leupeptin, 1 pg/mL pepstatin,
I mM PMSF) and shaken for 30 min. The extract was centrifuged at 100,000 x g for 30
min and the supernatant (S1) withdrawn. The pellet was resuspended in 15 volumes of
buffer B (50 mM Tris-HCL, pH 7.5, 150 mM NaCl, 1 mM DTT, 4 mM EGTA, 1 ug/mL
leupeptin, 1 pg/mL pepstatin, 1 mM PMSF), homogenized, shaken for 15 min and
centrifuged at 100,000 x g for 30 min. The supernatant (S2) was withdrawn, the pellet
resuspended in 15 volumes of buffer B and homogenized. After shaking for 15 min, the
sample was centrifuged at 100,000 x g for 30 min. The supernatant (S3) was withdrawn,
the pellet resuspended in 15 volumes of buffer B and homogenized. After shaking for 30
min, | mL of CHCls/methanol (50%/50%) was added and mixed end-over-end for 5 min.
After low-speed centrifugation (3,000 x g), the CHCl; (lower) layer was extracted and
dried in a N, stream. One mL of buffer C (50 mM imidazole-HCIl, pH 7.4, 150 mM

NaCl) was added and incubated at 30 °C for 30 min. After vortexing, the liposomes were
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sonicated on ice for 10 x 30 s. Binding assays were carried out in a total volume of 200
pL of buffer C containing 0.2 mM CaCl, or 4 mM EGTA, 40 pL liposomes, 5 pug of
purified recombinant chicken SI00A11 and/or annexin A6 at room temperature for 20
min. Samples were centrifuged at 100,000 x g for 30 min. Pellets were resuspended in 50
uL EGTA or Ca®" buffer, 2 x sample buffer was added and boiled for 5 min prior to

SDS-PAGE of both the supernatants and pellets.

2.2.10 In-gel destaining and digestion of proteins separated by SDS-PAGE for analysis
by MALDI-TOF/MS

Gloves were worn throughout to avoid contamination and to avoid contact with
hazardous materials. All sample handling was conducted in the flow hood. All wash steps
were performed on an orbital shaking platform to improve and standardize efficiency. All
microfuge tubes used were pre-washed with freshly prepared 50% ACN/0.1% TFA to

prevent contamination and dried thoroughly.

2.2.10.1 Destaining

A water bath was set to a stable temperature of 56 °C. The gel slices were cut into
roughly 1 x 1 x 1 mm pieces with a clean scalpel blade. Alternatively, a pipette tip was
used for the maceration. Milli-Q water (250 pL) was added and washed twice for 15 min.
Gel pieces were then washed twice with 50% ACN (250 pL) for 15 min, 25 mM AMBIC
(250 uL) was added and shaken for 15 min. 100% ACN (250 uL) was added and washed

for another 15 min. The supernatant was discarded. If the gel pieces were still colored
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with Coomassie stain, the last 2 wash steps were repeated. Samples could be left in 500

pL of 25 mM AMBIC/ACN (1:1 v/v) overnight if necessary.

2.2.10.2 Dehydration of gel pieces
The supernatant was replaced with 100% ACN (100 pL) and left for 5 min. When
dehydrated, the gel pieces appeared white. The supernatant was removed and the gel

pieces dried in a Speedvac for 15 min.

2.2.10.3 In-gel protein digestion

Ten pL of trypsin solution (0.02 pg/pL of modified trypsin in Milli-Q water) were added
to an 8 mm’ dried gel volume (i.e. a cube which measures approximately 2 x 2 x 2 mm)
and the gel slices allowed to re-swell (left until the pieces became clear). Enough 20 mM
AMBIC to cover the gel piece (approximately 10 uL per 8 mm’ of dry gel) was added.
Tube caps were securely depressed to avoid drying out of the sample and incubated at 37

°C overnight (8 — 16 h).

2.2.10.4 Extraction

100% ACN (50 pL) was added to the gel piece from the digestion step and shaken for 30
min. The supernatant was transferred to a microfuge tube and dried in a Speedvac (10 —
20 min). The dried sample was resuspended in 20 pL of 5% ACN/0.1%TFA, vortexed,
centrifuged, sonicated and centrifuged again. The sample was left for 2 min to ensure it

was fully dissolved.
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2.2.10.5 Zip tipping

0.1% TFA (20 uL) was added to the sample. Using a Cys Zip Tip on a 10 pL pipette, 50%
ACN (10 pL) was aspirated and ejected onto a Kimwipe. This step was repeated and the
tip wiped. The Zip Tip was washed twice with 10 pL of 0.1% TFA/5% ACN, which was
ejected onto a Kimwipe. The sample was aspirated up and down 8 times, being very
careful not to introduce air bubbles. The Zip Tip was again washed twice with 10 puL of
0.1% TFA/5% ACN, which was ejected onto a Kimwipe. 0.1% TFA/50% ACN (4 uL)

was aspirated and emptied into a pre-washed Eppendorf tube.

2.2.11 N-terminal sequencing by Edman degradation

Fig. 7 depicts the chemistry underlying Edman degradation. Coupling of N-terminal
amino groups of a protein or peptide (1) with phenylisothiocyanate (PITC, Edman
reagent) (2) forms an open chain thiourea derivative (3). The N-terminal amino acid is
split off as the anilinothiazolinone (ATZ) derivative (5) with trifluoroacetic acid. This
unstable ATZ-derivative is converted into a more stable phenylthiohydantoin (PTH)
derivative (6), which is separated by reversed phase HPLC and identified by comparison
with a standard.

Peptides for sequence analysis were subjected to SDS-PAGE (7.5 - 20% acrylamide
gradient gel) and transferred to Immobilon-P Membrane (one of the PVDF membranes
from Millipore) for 3 h at 80 V and 4 °C in 25 mM Tris, 192 mM glycine and 20% (v/v)
methanol using a Bio-Rad Trans Blot Cell. The membranes were stained with Ponceau S
(Sigma) to visualize the peptides, which were cut out of the membrane for Edman

degradation at the University of Dundee.
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Figure 7. Edman degradation reaction.
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2.2.12 Other methods

2.2.12.1 Measurement of protein concentration (BCA assay and amino acid analysis)

The BCA Protein Assay Reagent Kit (Pierce) combines the well-known reduction of Cu®*
to Cu'" by protein in an alkaline medium (the biuret reaction) with the highly sensitive
and selective colorimetric detection of the cuprous cation (Cu') using a unique reagent
containing bicinchoninic acid. The purple-colored reaction product of this assay is
formed by the chelation of 2 molecules of BCA with one cuprous ion. This water-soluble
complex exhibits a strong absorbance at 562 nm, which is linear with increasing protein
concentrations over a broad working range of 20 pg/mL to 2000 pg/mL. The BCA
method is not a true end point method; the final color continues to develop, but following
incubation the rate of color development is slowed sufficiently to allow large numbers of
samples to be analysed in a single assay. The macromolecular structure of protein, the
number of peptide bonds and the presence of four amino acids (cysteine, cystine,
tryptophan and tyrosine) are reported to be responsible for color formation with BCA.
The concentration of SI00A11 was determined by quantitative amino acid analysis at the

Alberta Peptide Institute, University of Alberta.

2.2.12.2 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

Under denaturing conditions, proteins can be separated on the basis of mass by
electrophoresis in a polyacrylamide gel. SDS is an anionic detergent that disrupts nearly
all non-covalent interactions in native proteins. B-mercaptoethanol is also included in the
sample buffer to reduce disulfide bonds. The SDS complexes with the denatured proteins

are then separated by electrophoresis on a polyacrylamide gel. The gels were composed
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of two layers: a 7.5 - 20% acrylamide separating gel (pH 8.8) that separates the proteins
according to size, and a lower percentage (5%) stacking gel (pH 6.8) that ensures the
proteins’ simultaneous entry into the separating gel at the same height.

The separating gel was poured between two glass plates, separated by 0.75 - 1.5 mm.
Isopropanol was added to the surface of the gel to exclude air and ensure flatness of the
surface. After polymerization of the separating gel, it was rinsed twice with H,O to
remove the isopropanol. The stacking gel was poured on top of the separating gel, the
comb was inserted, and gels were allowed to polymerize (~30 min at room temperature).
Samples were loaded into the wells of the gel and running buffer was added to the upper
and lower chambers. A cover was then placed over the gel chamber and various voltages
applied. The negatively charged SDS-protein complexes migrate toward the anode at the
bottom of the gel. Small proteins move more rapidly through the gel, whereas large ones
migrate more slowly. Proteins that differ in mass by ~ 2% are separated and can be
distinguished. The electrophoretic mobility of many proteins in SDS-polyacrylamide gels
is proportional to the logarithm of their mass. Gels were stained overnight in 45% (v/v)
ethanol, 10% (v/v) acetic acid containing 0.1% (w/v) Coomassie Brilliant Blue R250

(Bio-Rad) and destained in 10% (v/v) acetic acid.

2.3 Materials

2.3.1 Chemical reagents and general materials

1 kb DNA ladder (Sigma), 1,2-diolein (Doosan Serdary Research Labs.), glacial acetic
acid (EMD Chemicals Inc.), acetonitrile (ACN) (EMD Chemicals Inc.), ammonium

bicarbonate (AMBIC) (BDH Inc.), ammonium sulphate (BDH Inc.), aprotinin (Sigma),
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[y-°P]JATP (NP Biomedicals), acrylamide (30%)/bisacrylamide (0.8%) (Bio-Rad),
Becto™ Agarose (BD), Becto™ Tryptone (BD), Becto™ yeast extract (BD), ammonium
acetate (Sigma), ammonium persulphate (APS) (Bio-Rad), ampicillin (Sigma), bovine
serum albumin (BSA) (Sigma), bromphenol blue (Sigma), B-mercaptoethanol (Promega),
calcium chloride (CaCl,) (Sigma), chloroform (Sigma), citric acid (BDH Inc.), CNBr-
activated Sepharose 4 Fast flow beads (Pharmacia Biotech), Coomassie Brilliant Blue
R250 (Bio-Rad), diisopropylfluorophosphate (DFP) (Calbiochem), dimethylsuberimidate
(DMS) (Pierce), dithiothreitol (DTT) (ICN Biomedicals Inc.), DEAE-Sephacel™
(Amersham Biosciences), deoxynucleoside triphosphates (dNTP) (Promega),
ethanolamine (Fisher Scientific), ethylenediamine tetraacetic acid, disodium salt (EDTA)
(Sigma), ethyleneglycol-bis(B-aminoethylether)-N, N, N’, N’-tetraacetic acid (EGTA)
(Sigma), ethanol (Roche), ethidium bromide (Life Technologies, Inc.), formaldehyde
(Promega), glutathione-Sepharose (Pharmacia Biotech.), glycerol (Sigma), glycine (Bio-
Rad), HiTrap™ Protein A HP (Amersham Pharmacia Biotech.), isopropyl-B-D-
thiogalactopyranoside (IPTG) (Sigma), [-BLOCK™ (Tropix), imidazole (BDH Inc.),
isopropanol (Sigma), leupeptin (Sigma), magnesium chloride (Sigma), methanol (EMD
Chemicals Inc.), microcystin-LR (Axxora) (phosphatase inhibitor), Immobilon-P
Membrane (Millipore), nitrocellulose membrane (Bio-Rad), pepstatin A (Sigma), phenyl-
Sepharose CL-4B (Pharmacia Biotech.), phosphatidylserine (Avanti Polar Lipids Inc.),
Ponceau S (Sigma), potassium chloride (KCI) (Sigma), potassium dihydrogen phosphate
(KH,PO4) (BDH Inc.), potassium hydrogen phosphate (K;HPO4) (BDH Inc.), protein A-
Sepharose™ CL-4B (Amersham Biotech.), pre-stained protein markers (Promega),

phenylmethylsulfonyl fluoride (PMSF) (Sigma), Sequencing Grade Modified TPCK-
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Trypsin (Promega), sodium azide (BDH Inc.), SDS (sodium dodecyl sulfate) (Bio-Rad),
sodium fluoride (Sigma), sodium HEPES (Sigma), sodium dihydrogen phosphate
(NaH,PO4) (BDH Inc.), sodium hydrogen phosphate (Na,HPO,) (BDH Inc.), sodium
bicarbonate (BDH Inc.), sodium hydroxide (Sigma), sodium orthovanadate (NaVO,)
(Sigma), Soybean Trypsin Inhibitor (STI) (US Biochemical Coporation), Superose 12,
prep grade (Pharmacia Biotech), TEMED (N,N,N',N'-tetramethylethylenediamine) (Bio-
Rad), triethanolamine (Fisher), trifluoroacetic acid (TFA) (EM Science), Tris-
(hydroxymethyl)-aminomethane (Tris) (EMD Chemicals Inc.), Triton X-100 (Bio-Rad),

Tween (Bio-Rad), X-ray film (Kodak), xylene cyanol (Roche Applied Science).

2.3.2 Enzymes

Calf intestinal phosphatase (CIP) (New England Biolabs), Taq polymerase (New England
Biolabs), T4 ligase (Roche), restriction endonucleases (New England Biolabs),
PreScission” protease (Pharmacia Biotech.), cPKC (purified from rat brain in our
laboratory), RNAase out (New England Biolabs), RT-superscript III (New England

Biolabs).

2.3.3 Kits

SuperSignal® West Femto Maximum Sensitivity Substrate (Pierce), SuperSignal® West
Pico Chemiluminescent Substrate (Pierce), QTAEX II gel extraction kit (Qiagen),

QIAGEN plasmid kit (Mini) (Qiagen), BCA Protein Assay Reagent Kit (Pierce).

2.3.4 Plasmid DNA
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pGEX-2TK (Pharmacia Biotech.), pGEX-6P-1 (from Dr. Justin MacDonald, University

of Calgary).

2.3.5 Bacterial strains

BL21 (Stratagene), optimized for DNA transformation and protein translation.

2.3.6 Solutions and buffers

2.3.6.1 Bacterial medium and DNA isolation buffers

LB (Luria-Bertani) medium: 10 g/L Bacto tryptone, 10 g/L NaCl, 5 g/L yeast extract,
pH adjusted to 7.5 with NaOH. For plates, 5 g Bacto-agar was added.

2 x YT medium: 10 g/L yeast extract, 16 g/L. Bacto tryptone, 5 g/L. NaCl, pH adjusted to
7.5 with NaOH.

SOC medium: 20 g/L Bacto tryptone, 5 g/L Bacto yeast extract, 10 mL of 1 N NaCl,
2.5mL of 1 MKCL 5 mL 1 M MgCl, 5 mL 1 M MgSO4 10 mL of 2 M glucose,

800 mL of distilled de-ionized water, pH adjusted to 7.0, volume made up to 1 L and
filter sterilized.

Buffer P1 (resuspension buffer): 50 mM Tris-HCI, 10 mM EDTA, 10 mg/mL RNAase
A, pH 8.0.

Buffer P2 (Lysis buffer): 10% SDS, 200 mM NaOH.

Buffer P3 (Neutralization buffer): 3 M potassium acetate, pH 5.5.

2.3.6.2 DNA buffers

10 x DNA Gel Loading Buffer: 40% (w/v) saccharose, 0.25% bromphenol blue,
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0.25% xylene cyanol, used as a 1 x solution.
1 x Tris-Acetate-EDTA (TAE): 40 mM Tris-HCI, 40 mM acetic acid, 2 mM EDTA, pH

7.8.

2.3.6.3 Protein methods buffers

1 M Potassium phosphate buffer, pH 7: 1 M potassium dihydrogen phosphate
(KH,PO4) was added to 1 M potassium hydrogen phosphate (K;HPO,4) until a pH of 7
was achieved.

PBS, pH 7.4: 136 mM NaCl, 2.7 mM KCL, 10 mM Na,HPO,, 1.5 mM NaH,PO,.
Running Buffer (for SDS-PAGE): 25 mM Tris, 250 mM glycine, 0.1 % (w/v) SDS, pH
8.8.

5 x SDS-loading Buffer (for SDS-PAGE): 1 mM Tris HCI, pH 6.8, 1% (w/v) SDS,

5 % (w/v) glycerol, 2.5 % (v/v) B-mercaptoethanol, 0.05 % (w/v), bromphenol blue, 1 x
solution.

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE):

All the gels were prepared by mixing the 7.5% and 20% sodium dodecyl sulfate
polyacrylamide gel stocks.

7.5% separating gel solution (32 mL): 8 mL lower gel stock (pH 8.8), 8 mL acrylamide
(30%)/bisacrylamide (0.8%), 15.8 mL ddH,0, 0.2 mL glycerol, 160 uL 10% APS, 16 uL
TEMED.

20% separating gel solution (32 mL): 8 mL lower gel stock (pH 8.8), 21.3 mL
acrylamide (30%)/bisacrylamide (0.8%), 2.3 mL ddH,O, 0.4 mL glycerol, 160 puL 10%

APS, 16 L TEMED.
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5% stacking gel solution (20 mL): 5 mL upper gel stock (pH 6.8), 3 mL acrylamide
(30%)/bisacrylamide (0.8%), 12 mL ddH,0, 120 uL 10% APS, 16 uL TEMED.
Lower gel stock solution, pH 8.8: 1.5 M Tris-HCI, pH 8.8, 0.4% SDS.

Upper gel stock solution, pH 6.8: 0.5 M Tris-HCI, pH 6.8, 0.4% SDS.
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CHAPTER 3:

RESULTS
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3.1 Identification of a novel S100A11-binding protein

An extract of chicken gizzard smooth muscle, prepared in the absence of Ca*", was
applied to an S100A11 affinity column in the presence of Ca>*. Unbound proteins were
washed through the column and non-specifically-bound proteins were eluted with NaCl.
Proteins bound in a Ca*"-dependent manner were then eluted by chelation of Ca®" with
EGTA (Fig. 8). Three proteins (of 70, 44 and 37 kDa) were detected in the EGTA eluate
by Coomassie Blue staining following SDS-PAGE of column fractions.

Control experiments demonstrated that the 70 kDa protein did not bind to a blank
Sepharose column (without SI00A11) or if loaded on an SI00A11 affinity column in the
presence of EGTA. On the other hand, the 44 and 37 kDa proteins bound to both control
columns (Fig. 9).

The 70 kDa protein, therefore, interacts specifically with SI00A11 in a Ca**-dependent
manner. This protein was cut out of the gel, digested with trypsin and subjected to
matrix-assisted laser desorption ionization/time-of-flight (MALDI-TOF) mass

spectrometry (Fig. 10). The S100A11-binding protein was thus identified as annexin A6.

3.2 Purification of GST fusion proteins

S100A11 (WT and site-directed mutants), annexin A6 (full-length and deletion mutants)
and their GST-fusion counterparts, subcloned into pGEX-6P-1, were expressed in E. coli
and purified to electrophoretic homogeneity. Both GST-fusion proteins and the proteins

after removal of the GST moiety were purified (Fig. 11).
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Fig. 8: SDS-PAGE of fractions eluted from an S100A11 affinity column with EGTA.
S100A11-Sepharose was produced as described in section 2.2.2.1. Affinity
chromatography of a chicken gizzard extract was carried out as described in section
2.2.2.2. (Carried out by Cindy Sutherland and Ning Chang, n = 4). M = molecular weight

markers.

58



160 —

120 —

100 —
90 —
80 —

70— = — = 70 kDa
60 —

50—
== 37 kDa

20 — -

156 — =

10 — =

M 1 2 3

Fig. 9: Specific and Ca’**-dependent interaction of the 70 kDa protein with S100A11.
M = molecular weight markers; 1 = proteins bound to S100A11-Sepharose in the
presence of Ca®" and eluted with EGTA; 2 = proteins bound to control Sepharose in the
presence of Ca®" and eluted with EGTA; 3 = proteins bound to S100A11-Sepharose in

the presence of EGTA and eluted with EGTA. (Carried out by Cindy Sutherland, n = 3).
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Fig. 10: Mass spectrometric identification of the 70 kDa protein that interacts with
S100A11 in a Ca’*-dependent manner. The 70 kDa protein was subjected to tryptic
digestion and MALDI-TOF MS analysis as described in section 2.2.10. The profile of
tryptic peptide masses was compared with the predicted tryptic peptide mass profiles in
the protein sequence data banks and the protein identified as annexin A6 with an
expectation value of 2.3 x 107 and 24 matched peptides covering 39% of the sequence.

(Carried out by Cindy Sutherland and the Southern Alberta Mass Spectrometry Centre).
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Fig. 11: Purification to electrophoretic homogeneity of S100A11, annexin A6 and
their GST-fusion counterparts. 4. Purification of recombinant S100A11 and site-
directed mutants. Recombinant chicken SI0O0A11 was expressed in E. coli as a GST-
fusion protein, purified, cleaved and SI00A11 purified as described in section 2.2.1.2.1. 1
= marker proteins; 2 = control E. coli lysate; 3 = E. coli lysate expressing GST-S100A11;
4 = purified GST-S100A11; 5 = GST-S100A11 cleaved with PreScission'™ protease; 6 =
purified S100A11; 7 = purified SI00A11 mutant (T9A); 8 = purified SI00A11 mutant
(T9D). B. Purification of annexin A6 and deletion mutants. Recombinant wild-type
chicken annexin A6 and various deletion mutants were expressed in E. coli as GST-
fusion proteins, purified, cleaved, and further purified as described in section 2.2.1.2.2. 1
= marker proteins; 2 = lysate of E. coli expressing GST-annexin A6; 3 = marker proteins;
4 = purified GST-annexin A6; 5 = GST-annexin A6 cleaved with PreScission' ™ protease;
6 = purified annexin A6; 7 = A(1-20)annexin A6; 8 = C-terminal half of annexin A6

(M340-D672); 9 = N-terminal half of annexin A6 (G5-R339).
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3.3 Smooth muscle cells express both S100A11 and annexin A6

RT-PCR was performed on mRNA from isolated vascular smooth muscle cells of the rat
basilar artery using primers specific for SI00A11 and annexin A6. Messages of the
predicted sizes were detected, which were confirmed by sequencing, indicating the
expression of both SIO0A11 and annexin A6 at the message level in vascular smooth
muscle cells (Fig. 12). Purity of the isolated cells was confirmed by the absence of
message encoding endothelin-1 (an endothelial cell marker) or ERG-3 (a neuronal marker)

(data not shown).

3.4 Confirmation of the Ca**-dependent interaction between S100A11 and annexin
A6

3.4.1 Ca**-dependent binding of purified recombinant annexin A6 to immobilized
S100411

Bacterially-expressed purified annexin A6 interacted with SI00A11 in a Ca®'- dependent

manner (Fig. 13).

3.4.2 Ca’*-dependent binding of purified recombinant S100411 to immobilized
annexin A6

The Ca*-dependent interaction between S100A11 and annexin A6 was confirmed in a
reciprocal experiment. SIO0A11 bound to an annexin A6-Sepharose affinity column in a
Ca”"-dependent manner (Fig. 14A). S100A11 did not bind to a control column lacking

annexin A6 (Fig. 14B).
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Fig. 12: S100A11 and annexin A6 are expressed at the mRNA level in rat basilar
arterial smooth muscle cells. M = DNA ladder. Three separate mRNA preparations
from isolated rat basilar arterial smooth muscle cells were analysed by RT-PCR for

S100A11 and annexin A6 messages. (Carried out by William Wiehler).
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Fig. 13: Ca’*-dependent interaction of purified annexin A6 with immobilized
S100A11. Purified recombinant annexin A6 was applied to an S100A11-Sepharose
affinity column in the presence of Ca®" and bound protein was eluted with EGTA. 1 =
marker proteins; 2 = purified annexin A6; 3 = flow through; 4 — 10 = fractions eluted in
the presence of Ca*"; 11 — 20 = fractions eluted in the presence of EGTA. Identical

results were obtained in 3 independent experiments.
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Fig. 14: Ca’"-dependent interaction of purified S100A11 with immobilized annexin
A6. A. Purified recombinant S100A11 was applied to an annexin A6-Sepharose affinity
column in the presence of Ca** and bound protein was eluted with EGTA as described in
section 2.2.3. 1 = marker proteins; 2 = purified S1I00A11 (load); 3 = flow through; 4 — 8
= fractions eluted in the presence of Ca*"; 9 — 14 = fractions eluted in the presence of
EGTA. Identical results were obtained in 3 independent experiments. B. The same

procedure was carried out with a control column without annexin A6.
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3.4.3 Liposome co-pelleting assay

Liposomes are known to bind annexin A6 in a Ca*'-dependent manner. We reasoned,
therefore, that it should be possible to confirm Ca**-dependent binding of S100A11 to
annexin A6 in the presence of liposomes using a co-pelleting assay. It was first necessary,

however, to investigate whether or not SI00A11 itself binds to liposomes.

3.4.3.1 100411 interacts with liposome-bound annexin A6 in a Ca’*-dependent manner

Therefore, liposomes were isolated from rat tail artery, incubated with purified SI00A11
and/or annexin A6 in the absence or presence of Ca’" and centrifuged at high speed to
pellet liposomes and bound proteins. Pellets and supernatants were analyzed by SDS-
PAGE with Coomassie Blue staining (Fig. 15). As expected, annexin A6 bound to
liposomes only in the presence of Ca®" (compare lanes 8 and 9 of Fig. 15, which shows
that all the annexin A6 is recovered in the supernatant in the presence of EGTA but in the
pellet in the presence of Ca’"). In the case of S100A11, however, the results were
unexpected (compare lanes 11 and 12 in Fig 15). Some of the S100A11 bound to
liposomes in the presence but not absence of Ca**. Nevertheless, there appeared to be
more S100A11 in the pellet fraction in the presence of Ca*” when annexin A6 was also
present (compare lanes 12 and 15 in Fig. 15), consistent with Ca*'-dependent interaction
between SIO0A11 and annexin A6. This was confirmed in several experiments in which
bound and free S1I00A11 and annexin A6 were quantified by scanning densitometry.
After subtracting the amount of S100A11 that bound to liposomes in the absence of

annexin A6, 0.38 £ 0.07 ug S100A11 bound to 2.5 pg of liposome-bound annexin A6 (n
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= 4). This corresponds to a stoichiometry of 1 SI00A11 monomer : 1 annexin A6 or 1

S100A11 dimer : 2 annexin A6 monomers.

3.4.3.2 Ca’*-dependent binding of S100411 to phosphatidylserine liposomes

The co-pelleting assay was repeated with liposomes prepared from pure
phosphatidylserine. Phosphatidylserine liposomes from porcine brain were incubated
with different amounts of purified recombinant chicken S100A11 in the presence of Ca**
or EGTA, centrifuged and the liposomal pellets were resuspended in EGTA or Ca*"
buffer. Both the supernatants and pellets were subjected to SDS-PAGE with Coomassie
Blue staining (Fig. 16). These results confirm the Ca*"-dependent interaction of SI00A11

with phosphatidylserine liposomes.

3.4.4 Characterization of polyclonal rabbit anti-(chicken S100A11)

Polyclonal rabbit anti-(chicken SI00A11) was generated by our laboratory (Allen et al.,
1996) and characterized by Western blotting in this study (Fig. 17). The antibody was
capable of clearly detecting 40 ng of chicken S100A11, but did not recognize rat
S100A11 (data not shown). The non-crossreactivity of this antibody between chicken and
rat S100A11 indicates that the slight differences in the N- and/or C-terminal sequences

might be responsible for the epitope(s) generation (Fig. 3).

3.4.5 Characterization of monoclonal mouse anti-(rat S100411)

The monoclonal antibody raised against full-length rat SIO0A11 clearly detected 0.1 pg

ofrat SIO0A11 (Fig. 18). This antibody clearly detected SI00A11 in an extract of rat tail
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Fig. 15: Ca’*-dependent interaction of S100A11 with liposomes and liposome-bound
annexin A6. Rat tail arterial liposomes were isolated and the binding of S100A11 and
annexin A6 analyzed as described in section 2.2.9.2. The resultant Coomassie Blue-
stained gels are shown. 1 = marker proteins; 2 = S100A11; 3 = annexin A6; 4 = blank; 5
= liposomes in the presence of EGTA; 6 = liposomes in the presence of Ca’"; 7 = blank;
8 = liposomes with annexin A6 in the presence of EGTA; 9 = liposomes with annexin A6
in the presence of Ca*"; 10 = blank; 11 = liposomes with SI00A11 in the presence of
EGTA; 12 = liposomes with SI00A1l in the presence of Ca2+; 13 = blank; 14 =
liposomes with annexin A6 and SIO0A11 in the presence of EGTA; 15 = liposomes with

annexin A6 and S100A11 in the presence of Ca”".
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Fig. 16: S100A11 binds to phosphatidylserine liposomes in a Ca’’-dependent

manner. Phosphatidylserine liposomes were prepared and the binding of S100A11

examined as described in section 2.2.9.1. The resultant Coomassie Blue-stained gels are

shown. M = marker proteins; 1, 3, 5, 7, 9 = liposomes incubated with 10, 5, 2.5, 1, 0.5 pg

of SI00A11, respectively, in the presence of EGTA; 2, 4, 6, 8, 10 = liposomes incubated

with 10, 5, 2.5, 1, 0.5 pg of S100A11, respectively, in the presence of Ca’". Identical

results were obtained in 3 independent experiments.
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Fig. 17: Characterization of polyclonal rabbit anti-(chicken S100A11). The indicated
amounts of purified chicken SI00A11 were subjected to SDS-PAGE and Western
blotting with polyclonal rabbit anti-(chicken SI00A11) as described in section 2.2.5.3 (n

= 6).
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Fig. 18: Characterization of monoclonal anti-(rat S100A11). 1 = 2 strips of rat tail
artery; 2 — 5 = 1.5, 0.5, 0.25 and 0.1 pg, respectively, of purified rat SIO0A11 were
subjected to SDS-PAGE and Western blotting with monoclonal anti-(rat SI00A11) as

described in section 2.2.5.2 (n = 3).
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arterial smooth muscle (Fig. 18, lane 1).

3.4.6 Characterization of rabbit anti-(rat annexin A6)

A polyclonal antibody to rat annexin A6 was generated against the N-terminal peptide of
12 amino acids (AKITAQGAMYRGS). The IgG fractions of rat annexin A6 antisera were
purified by protein A-Sepharose column chromatography. The polyclonal antibody to rat
annexin A6 could clearly detect the protein in 1/10 of a strip of rat tail artery (Fig. 19A).
Antibody specificity was confirmed by pre-absorption of the antibody with the peptide

antigen (Fig. 19B).

3.4.7 Confirmation of the Ca’*-dependent interaction between S100A11 and annexin
A6 by chemical cross-linking

S100A11 and annexin A6 were treated, alone and together, with the cross-linking agent
dimethylsuberimidate in the presence of EGTA or Ca*" (Fig. 20).

Comparing the EGTA blot with the Ca*" blot, 2 specific bands (indicated by * in Fig.
20B) were seen only in the presence of both SI00A11 and annexin A6 in Ca®": one of
~81 kDa corresponding to a 1:1 complex of SI00A11 and annexin A6, and one of ~93
kDa corresponding to a 1:2 complex of annexin A6 and SI00A11. The other bands, based

on the control, are the homo-dimer, trimer and tetramer, respectively, of SIO0A11.

3.5 Identification of the binding site of annexin A6 for S100A11
3.5.1 Ca’*-dependent binding of recombinant A(1-20)annexin A6 to immobilized

S$100411
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Fig. 19: Characterization of polyclonal rabbit anti-(rat annexin A6). 4. 1 —3 = 1/10,
1/4 and 1/2 strip of rat tail artery (RTA), respectively. B. Peptide blockage experiment: 1
and 2 = 1/10 and 1/4 strip of RTA, respectively with or without pre-absorption of the
antibody with the antigenic peptide, as indicated. Tissue proteins were separated by SDS-
PAGE prior to Western blotting with polyclonal rabbit anti-(rat annexin A6) as described

in section 2.2.5.1. Identical results were obtained in 3 independent experiments.
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Fig. 20: Cross-linking of S100A11 and annexin A6. Cross-linking of recombinant
chicken S100A11 and annexin A6 was carried out as described in section 2.2.8. A.
Coomassie stained gel. B. Western blotting with anti-SIO0A11. 1 = protein marker
ladder; 2 = S100A11 cross-linked in the presence of EGTA for 5 h; 3 = annexin A6
cross-linked in the presence of EGTA for 5 h; 4 — 10 = S100A11 and annexin A6 cross-
linked in the presence of EGTA for 0, 0.5, 1, 2, 3,4 and 5 h, respectively; 11 = SI00A11
cross-linked in the presence of Ca®" for 5 h; 12 = annexin A6 cross-linked in the
presence of Ca®* for 5 h; 13 — 19 = S100A11 and annexin A6 cross-linked in the presence
of Ca®" for 0, 0.5, 1,2, 3, 4 and 5 h, respectively (4, B) (n = 3). C. Western blot with
anti-S100A11 confirming the Ca*"-dependent cross-linking of annexin A6 and S100A11.
1,2 = S100A11 and annexin A6, respectively, cross-linked in the presence of EGTA for
5 h; 3, 4=S100A11 and annexin A6 cross-linked in the presence of EGTA for 0 and 5 h,
respectively; 5, 6 = SI00A11 and annexin A6, respectively, cross-linked in the presence
of Ca®" for 5 h; 7, 8 = S100A11 and annexin A6 cross-linked in the presence of Ca”" for 0

and 5 h, respectively.
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Recombinant A(1-20)annexin A6, which lacks the N-terminal head region, was applied to
an S100A11-Sepharose affinity column in the presence of Ca*" and bound protein was
eluted with EGTA (Fig. 21).

A(1-20)annexin A6 interacted with immobilized SI00A11 in a Ca**-dependent manner,

indicating that the N-terminal head region is not required for the interaction

3.5.2 Confirmation of the Ca’*-dependent interaction of S100A11 and A(1-20)annexin
A6 by gel overlay
Purified recombinant annexin A6 and A(1-20)annexin A6 were subjected to SDS-PAGE
and transferred to nitrocellulose. The blot was incubated in purified SI00A11 and,
following washout of unbound S100A11, bound S100A11 was detected with anti-
S100A11 (Fig. 22).

Therefore, gel overlay assay confirmed that both full-length annexin A6 and A(1-

20)annexin A6 interact with SI00A11 in a Ca*'-dependent manner.

3.5.3 Ca’*-dependent binding of tryptic fragments of annexin A6 to immobilized
S100411

Preliminary experiments were carried out to determine a suitable trypsin : annexin A6
ratio and incubation time to achieve site-specific digestion and thereby generate large
fragments of annexin A6. The resultant digest is shown in Fig. 23 (lane 4). Two major

fragments were detected of M, ~68 kDa (slightly smaller than full-length annexin A6)
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Fig. 21: Affinity chromatography of A(1-20)annexin A6 on S100A11-Sepharose.
A(1-20)annexin A6 was expressed and purified as described in section 2.2.1.2.2. Its
ability to bind to immobilized S100A11 in a Ca**-dependent manner was determined by
affinity chromatography as described in section 2.2.2.3. The resultant Coomassie Blue-
stained gel is shown. 1 = marker proteins; 2 = A(1-20)annexin A6; 3 = flow through; 4 —
6 = fractions eluted in the presence of Ca>"; 7 — 10 = fractions eluted in the presence of

EGTA. (n=2).

76



Coomassie Gel Overlays

stained gel EGTA CaCl,
100 — —115.5
80 —|— . - 822 |
s _ , .-;:“ R Annexin A6
50 — | = — 48.8
40 - — 37.1
ol 25.9
25— - '
20 — |- i 19.4
— 14.8
S100A11——1—0~: - - o o |
nA 1 0 2 1 2 2 1 ] 2

Fig. 22: Gel overlay assay for the binding of S100A11 to full-length annexin A6 and
A(1-20)annexin A6. S100A11, annexin A6 and A(1-20)annexin A6 were subjected to
SDS-PAGE, transblotted to nitrocellulose and incubated with ST00A11 in the presence of
EGTA or Ca®" as described in section 2.2.6. Bound S100A11 was detected with anti-
S100A11 (Gel Overlays). M = marker proteins; 1 = S1I00A11; 2 = annexin A6; 3 = A(1-

20)annexin A6. (n = 3).
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and ~ 34 kDa, indicating the presence of major tryptic cleavage sites near one end of the
annexin A6 molecule and in the centre of the molecule. The partial digest of purified
recombinant annexin A6 was then applied to an SI00A11-Sepharose affinity column in
the presence of Ca*" and bound peptides were eluted with EGTA (Fig. 23).

These peptide fragments of annexin A6 of ~ 68 kDa and ~34 kDa (lanes 13 - 17) bound

to immobilized S100A11 in a Ca*"-dependent manner.

3.5.4 MS analysis of tryptic peptides of annexin A6 bound to S100A11-Sepharose
Fraction 16 (Fig. 23) from the S100A11-Sepharose affinity column and intact
recombinant annexin A6 (lane 3, Fig. 23) were analyzed by MALDI-TOF MS (Fig. 24).

Four tryptic fragments (as well as soybean trypsin inhibitor used to stop the trypsin
digestion) were identified by MS and the molecular weight of each fragment was
measured (Table 1).

Based on the available cleavage sites in full-length annexin A6 (trypsin cleaves after
Lys or Arg when the next residue is not Pro) and comparison of the molecular weights
measured by MS with those of tryptic fragments predicted from the annexin A6 sequence
(Fig. 26), the identities of the peptides were deduced. These results indicate that: (i)
cleavage at K4 — G5 generates the ~ 68 kDa tryptic fragment, and (ii) subsequent
cleavage at R339 — M340 and K348 — V349 generates 3 tryptic fragments corresponding
to G5 — R339, M340 — D672 and V349 — D672, all of which bind to SI00A11 in a Ca*'-
dependent manner.

The three ~34 kDa tryptic fragments (Fig. 24B) were cut out of the gel, completely

digested with trypsin and subjected to MS analysis (Fig. 25).
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Fig. 23: S100A11-Sepharose affinity chromatography of a partial tryptic digest of
annexin A6. Annexin A6 was partially digested with trypsin, applied to SI00AI11-
Sepharose in the presence of Ca*" and bound proteins eluted with EGTA as described in
section 2.2.7. Coomassie Blue-stained SDS gel of: 1 = marker proteins; 2 = soybean
trypsin inhibitor (STI); 3 = recombinant annexin A6; 4 = partially digested annexin A6
(affinity column load); 5 = flow through; 6 — 9 = fractions eluted in the presence of Ca*";

10 — 20 = fractions eluted in the presence of EGTA. (n = 2).
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Fig. 24: MALDI-TOF MS analysis of tryptic fragments of annexin A6 bound to
immobilized S100A11 in a Ca’*-dependent manner. Samples were prepared for and
subjected to MALDI-TOF MS as described in section 2.2.7. A. MS profile of fraction 16
from the SI00A11-Sepharose column (Fig. 23); B. Expansion of the region of ~34 kDa;

C. MS of intact recombinant annexin A6 (Fig. 23, lane 3).
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Table 1 MALDI-TOF MS analysis of tryptic fragments of annexin A6 bound to

S100A11-Sepharose

Protein

Full-length

~68 kDa fragment
~34 kDa fragment 1
~34 kDa fragment 2

~34 kDa fragment 3

Measured Mass (Da) Computed Mass (Da)

76,087.18

74,839.39
37,883
37,027.11

35,991.43

76,003.40

74,790.97
37,884
36,924.83

35,908.61

Sequence®

M1-D672 + N-terminal
extension (GPLGSPEF)
G5-D672

G5-R339

M340-D672

V349-D672

*Residue numbers refer to the amino acid sequence of annexin A6 (Fig. 26).
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Protein View

Match to: gil50982399 Score:
annexin A6 [Gallus gallus]

128 Expect: 1.7e-07

Nominal mass (M:): 75179, Calculated pI wvalue: 5.57

NCEI BLAST search of gi|S0982399 against nr

Unformatted sequence string for pasting into other applications
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Variable modifications: Oxidation (M)
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Matched peptides showm in Bold Red
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51
101
151
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251
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451
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601
651

MAPEGEVYRG
KQRVEICQAY
DAIAGIGTDE
HFERMLVYVLL
LGRRSKQHLR
REYFRERLYK
NMIKEDTSGE
LEGTVYQPRSN
EATYKAHYGERD
TDESTLIEIM
SLALGNRDEG
CTRSYPHLRR
AFFADELYKS
MIEKDTSGDY

SVKDFPGFNA
KEQYGEDLIA
KCLIEILASR
QGAREEDDVV
MVFDEYLKIS
AMEGLGTEDN
YEKALLELCG
ENDDGDRAQVL
LLADLKSELS
ATRNNQEIRR
PENLTQAHED
VEQEFVKMTN
MEGAGTDERT
CKALLALCGG

SQDADALYNA
DLEYELTGEF
TNQEIHDLVA
SEDLVEQDAK
GEKPIERSIRA
TLIRIMVSES
GDDDAAGEFF
REKAMHGLGTD
GSLAKLILGL
INEAYQQAYH
ARKVVAETLEL
HDVYEHAIRKR
LTRIMISRSE
DD

MEGFGSDEDR
ERLIVSLMRP
RYKDAYERDL
DLLEAGELEW
ELSGDFEKLM
EIDMLDIREV
PEAAQVAYRM
EGRIIEVLTOQ
MLTPAQYDAK
KSLEDDLSSD
ADVASNDSSD
MSGDVRDAFV
IDLLNIRGEF

ILDLITSREN
PRYSDREEIK
EADVUGDTSG
GTDERQFIYI
LAVVECVRST
FRTKYDESLH
WELSAVARVE
RENAQRQOQIL
QLREAVEGAG
TSGHFERILY
SLETRFLSIL
AIVRSVENKP
IDLEDESLYH

Fig. 25: MS analysis of the ~34 kDa tryptic fragments of annexin A6. The peptides in

red are those that matched sequences in the NCBI databank.
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The matched peptides come from both N- and C-terminal halves of annexin A6,
confirming that partial trypsin digestion had indeed cleaved in the centre of the molecule
to generate similarly-sized peptides corresponding to the N-terminal and C-terminal

halves of the protein.

3.5.5 N-terminal sequencing of tryptic peptides of annexin A6

Fig. 26 shows the amino acid sequence of chicken annexin A6. To confirm the sites of
cleavage by trypsin, deduced from MS analysis (Figs. 24, 25 and Table 1), fraction 16
(Fig. 23, page 79) was subjected to SDS-PAGE, transferred to PVDF membrane, and
stained with Ponceau S to visualize the proteins. The Ponceau S-stained 68 kDa band was
cut out of the gel and the ~34 kDa bands were cut in half (upper and lower bands) for
Edman sequencing (Table 2). The 68 kDa band began at GlyS5, as did the upper 34 kDa
peptide. Three peptides were detected in the lower 34 kDa band: one began at Gly5 (like
the upper 34 kDa peptide), one at Met340 and one at Val349. These results confirm that
there are three major tryptic cleavage sites in chicken annexin A6: Lys4 — GlyS, Arg339
— Met340 and Lys348 — Val349. One of the cleavage sites is located in the N-terminal
head region and the other two in the linker region between annexin repeats 4 and 5 (Fig.
26), consistent with the accessibility of these regions apparent from the crystal structure
(Fig. 6B). Taken together with the MS data (Table 1 and Figs. 24 and 25), we can
conclude that 4 tryptic fragments bound to the SI00A11 affinity column in a Ca*'-
dependent manner (Fig. 23) and correspond to: G5 — D672, G5 — R339, M340 — D672

and V349 — D672 of annexin A6.
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MAPKGEVYRG SVEDFPGFNL SQODADALYHNA MEGFGSDEDL ILDLITSESN So
KQRVEICQAY KSQYGKDLIA DLKYELTGKF ERLIVSLNRP PATSDAKEIK 10D
DATAGIGTDE KCLIEILASR THQETHDLVA AYKDAYERDL EADVVGDTSG 150
HFERMLVWEL CGAREEDDVV SEDLVEQDAK DLREAGELEW GTOEAQGFITI zo0
LGRRSEQHLR MVFDEYLKIS GKPIERSIRA ELSGDFEELE LAVVECVEZT 250
AEYFAERLYK AMKGLGTRDN TLIRIMVSRS EIDMLDIREV FRTKYDKSLH 300
W W
HHIEEDTSGE TEEALLELCG GDDDALGEFF PELACVAYRM WELSAVAKVE 350
LRGTVQPASN FNDDGDEQVNREANKGICTONECHTTEVETOIRSAGROOTH 400
KATEAHYGRD LLADLKSELS GSLAKLILGL MLTFLQYDAK QLRKAVEGAG 450

TDESTLIEIN ATRNNQEIAA INEATOQATH KSLEDDLSSD TSGHFRRILY 507

SLALLGNRDEG PENLTQAHED AFVVAETLEL ADVASNDSSD SLETRFLSIL 550

CTRSYPHLRR VFQEFVENTN HDVEHATRKR NSGDVRDAFV AIVESVENEP 600
AFFADKLYKS MKGAGTDERT LTRINISRSE IDLLNIRGEF IDLFDKSLYH 650
HIERDTSCOYICKABEALCGG DD 672

NH,—HEE-HE-H— - COOH  Full length Annexin A6

s21IHEEHEEHE— - COOH  A(1-20)annexin A6
o5s—IlHEEHEEH-— R339 N-ter half of Annexin A6
Mm340—IEHEEEHEEEHE- COOH C-ter half of Annexin A6

Hl Annexin repeat

Fig. 26: Chicken annexin A6 amino acid sequence and different constructs. The N-
terminal tail, which is different in all annexins, is highlighted in yellow. The 8 annexin
repeats are highlighted in green. The identified tryptic cleavage sites (see text) are
indicated with triangles. NCBI accession number: Q6B344. Different recombinant

constructs for annexin A6 generated are shown in the diagram below the sequence.
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Table 2 N-terminal sequencing of tryptic fragments of annexin A6 bound to

S100A11-Sepharose

Peptide N-terminal sequence Residues

68 kDa GKVYRGSVKD 5-14

34 kDa upper GKVYRGSVKD 5-14

34 kDa lower GKVYRGSVKD 5-14
MWELSAVA 340-347
VELRGTVQ 349-356
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To gain further insight into the S100A11-binding sites on annexin A6, fragments of
annexin A6 were expressed in E. coli, purified and their ability to bind S100A1l in a

2+
Ca” -dependent manner assessed.

3.5.6 Ca’*-dependent binding of purified recombinant C-terminal annexin A6 (M340-
D672) to immobilized S100A11
The C-terminal half of annexin A6 (M340-D672) was cloned, expressed in E. coli and
purified. The purified recombinant C-terminal annexin A6 was applied to an S100A11-
Sepharose affinity column in the presence of Ca®" and bound protein was eluted with
EGTA (Fig. 27).

This experiment confirmed the Ca®*-dependent interaction of the C-terminal domain of

annexin A6 with S100A11.

3.5.7 Confirmation of Ca’*-dependent binding of purified recombinant S100A11 to the
C-terminal half of annexin A6 by gel overlay
The purified recombinant C-terminal half of annexin A6 was subjected to SDS-PAGE
and transferred to nitrocellulose. The blot was incubated with purified S100A11.
Unbound S100A11 was washed out, and bound S100A11 detected with anti-S100A11
(Fig. 28).

It was, therefore, confirmed independently by gel overlay that the C-terminal half of

annexin A6 contains an S100A11-binding site.
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Fig. 27: Ca’**-dependent interaction of the C-terminal half of annexin A6 with
immobilized S100A11. Annexin A6 (M340-D672) was expressed and purified as
described in section 2.2.1.2.2. Its ability to bind to immobilized S1I00A11 in a Ca*'-
dependent manner was determined by affinity chromatography as described in section
2.2.2.3. Coomassie Blue-stained SDS gel of: 1 = marker proteins; 2 = purified C-terminal
annexin A6; 3 = flow through; 4 — 8 = fractions eluted in the presence of Ca*;9-15=

fractions eluted in the presence of EGTA (n = 3).
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Fig. 28: Ca’"-dependent interaction of S100A11 with the C-terminal half of annexin
A6 demonstrated by gel overlay. S100A11 and annexin A6 (M340-D672) were
subjected to SDS-PAGE, transblotted to nitrocellulose and incubated with SI00A11 in
the presence of EGTA or Ca’" as described in section 2.2.6. Bound S100A11 was
detected with anti-S100A11 (Gel Overlay). 1 = prestained markers; 2 = SI00A11; 3 = C-

terminal annexin A6 (n = 3).
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3.5.8 Ca’*-dependent binding of purified recombinant N-terminal half of annexin A6
(G5-R339) to immobilized S100411
The purified recombinant N-terminal half of annexin A6 (G5-R339) was applied to an
S100A11-Sepharose affinity column in the presence of Ca®" and bound protein was
eluted with EGTA (Fig. 29).

Therefore, like the C-terminal half, the N-terminal half of annexin A6 binds to

S100A11 in a Ca**-dependent manner.

3.5.9 Confirmation of Ca’*-dependent binding of purified recombinant S100A11 to the
N-terminal half of annexin A6 by gel overlay
The purified recombinant N-terminal half of annexin A6 was subjected to SDS-PAGE
and transferred to nitrocellulose. The blot was incubated with purified S100A11,
unbound S100A11 was washed out, and bound S100A11 detected with anti-S100A11
(Fig. 30).

It was, therefore, confirmed independently by gel overlay that the N-terminal half of

annexin A6 contains an S100A11-binding site.

3.6 Phosphorylation of S100A11 in vitro

3.6.1 Phosphorylation of S100A411 by cPKC

S100A11 has been shown to be phosphorylated by PKCa at Thr10 (human numbering)
(Sakaguchi et al., 2004), which corresponds to Thr9 of chicken S100A11 (see Fig. 3 on
page 10). Wild-type (WT) and 2 site-directed mutants (T9A, T9D) of chicken S100A11

were incubated with cPKC (a mixture of Ca®'-dependent PKC isoenzymes a, f and y
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Fig. 29: Ca’**-dependent interaction of the N-terminal half of annexin A6 with
immobilized S100A11. Annexin A6 (G5-R339) was expressed and purified as described
in section 2.2.1.2.2. Its ability to bind to immobilized S100A11 in a Ca*'-dependent
manner was determined by affinity chromatography as described in section 2.2.2.3.
Coomassie Blue-stained SDS gel of: 1 = marker proteins; 2 = purified N-terminal annexin
A6; 3 = flow through; 4 — 8 = fractions eluted in the presence of Ca’"; 9 — 15 = fractions

eluted in the presence of EGTA (n = 2).
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Fig. 30: Ca’*-dependent interaction of S100A11 with the N-terminal half of annexin
A6 demonstrated by gel overlay. SI00A11 and annexin A6 (G5-R339) were subjected
to SDS-PAGE, transblotted to nitrocellulose and incubated with SI00A11 in the presence
of EGTA or Ca*" as described in section 2.2.6. Bound SI00A11 was detected with anti-
S100A11 (Gel Overlays). 1 = prestained markers; 2 = SI00A11; 3 = C-terminal annexin

A6 (n=3).
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isolated from rat brain) in the presence of Ca*" and Mg[y-""P]JATP. Samples were
withdrawn at selected times for quantification of **P incorporation into S100A11 (Fig.
31A). At the end of the reaction, samples (1 pg S100A11) were subjected to SDS-PAGE,
stained with Coomassie Blue and exposed to X-ray film for 16 h (Fig. 31B).

WT S100A11 was phosphorylated to ~ 0.3 mol Pi/mol S100A11, whereas T9A and
T9D S100A11 reached very low phosphorylation stoichiometry. These results confirm

that Thr9 is the principal site of phosphorylation in SI00A11 by Ca*'-dependent PKC.

3.6.2 Phosphorylation of S100A11 disrupts its interaction with annexin A6

Purified recombinant S100A11 was phosphorylated by cPKC, applied to an annexin A6-
Sepharose affinity column in the presence of Ca®" and bound protein was eluted with
EGTA (Fig. 32A).

In control experiments, unphosphorylated S100A11 bound to immobilized annexin A6
in a Ca’’-dependent manner (Fig. 32B). On the other hand, very little phosphorylated
S100A11 bound to immobilized annexin A6 in the presence of Ca®" (Fig. 32A),
indicating that phosphorylation by cPKC at Thr9 of SIO0A11 disrupts its interaction with
annexin A6. Unbound S100A11 in the flow through was due to the excess of S100A11

applied to the column to ensure maximal binding.
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Fig. 31: Phosphorylation of S100A11 by Ca**-dependent PKC. A. Time course of
phosphorylation of WT S100A11 (A), T9A-S100A11 (e) and T9D-S100A11 (V),
quantified as described in section 2.2.4.1. Numbers indicate n values at each time point
for all 3 reactions. B. At the end of the reaction, triplicate samples were analysed by
SDS-PAGE and autoradiography to verify SIO0A11 phosphorylation. 1 —3 =1 ug WT
chicken S100A11; 4 — 6 = 1 pg T9A chicken S100A11; 7 — 9 = 1 ug T9D chicken

S100A11.
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Fig. 32: Phosphorylation of S100A11 disrupts its interaction with annexin A6. A.
Affinity chromatography of phosphorylated S100A11 as described in section 2.2.4.2.
Upper panel: Coomassie Blue-stained gel of column fractions; lower panel:
corresponding autoradiogram. B. Control showing affinity chromatography of
unphosphorylated SI00A11. 1 = marker proteins; 2 = column load; 3 = flow through; 4 —

8 = fractions eluted in the presence of Ca*"; 9 — 15 = fractions eluted in the presence of

EGTA. (n=3).
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CHAPTER 4:

DISCUSSION
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4.1 The discovery of a novel S100A11-binding protein

Functional characterization of protein-protein interactions is of great importance since the
identification of an interacting partner of a protein of unknown function can help to
clarify its function, mechanism of action and regulation. Although S100A11 was
identified in smooth muscle 17 years ago, the actual role it plays is still unknown. Based
on its biochemical and structural properties, we conclude that SI00A11 acts as a “Ca*"
sensor’”: in response to an appropriate stimulus, it undergoes a conformational change
with exposure of a hydrophobic surface that interacts with a target protein(s) and thereby
regulates its function. The identification of the target(s) of SI00A11 in smooth muscle is,
therefore, important in elucidating the function of this Ca**-binding protein. Using
S100A11 affinity chromatography, we showed for the first time that the Ca®’- and
phospholipid-binding protein annexin A6 is a Ca*'-dependent binding partner of
S100A11 in smooth muscle (Figs. 8 — 10). No annexin Al was identified in the EGTA-
eluted fractions, likely due to the absence or trace amount of expression in chicken
smooth muscle. Smooth muscle cells expressed mainly annexin A6 and annexin A2

(Carmors et al., 2005).

4.2 Co-expression of S1I00A11 and annexin A6 in the same smooth muscle cell

It has already been demonstrated that annexin A6 (Babiychuk et al., 1999; Babiychuk &
Draeger, 2000) and S100A11 (Allen et al., 1996) are both expressed in smooth muscle
tissue. In this study, co-expression of SI00A11 and annexin A6 in smooth muscle cells
was confirmed at the message level by RT-PCR on small numbers of isolated smooth

muscle cells from rat basilar arterial smooth muscle (Fig. 12). Co-expression of SI00A11
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and annexin A6 in an extract of rat tail arterial smooth muscle was confirmed at the
protein level with a monoclonal antibody raised against full-length rat SI00A11 (Fig. 18)

and a polyclonal peptide-directed anti-(rat annexin A6) (Fig. 19).

4.3 Verification of the interaction between S100A11 and annexin A6

Direct Ca**-dependent interaction between S100A11 and annexin A6 was confirmed by
chromatography of purified bacterially-expressed annexin A6 on an affinity column of
S100A11 coupled to Sepharose-4B (Fig. 13) and by the reciprocal procedure (Fig. 14).
Gel overlay (Fig. 22), liposome co-pelleting assay (Fig. 15) and cross-linking
experiments (Fig. 20) confirmed the direct Ca*"-dependent interaction between the two
proteins. In this study, we report for the first time a Ca®’-dependent interaction of
S100A11 with phosphatidylserine liposomes (Fig. 16), which explains the unexpected
binding of S100A11 to liposomes isolated from rat tail artery in the presence but not
absence of Ca®" (compare lanes 11 and 12 in Fig. 15). Nevertheless, in 4 independent
experiments, we observed more S1I00A11 in the pellet fraction in the presence of Ca*"
when annexin A6 was also present (compare lanes 12 and 15 in Fig. 15), which was
consistent with the Ca*'-dependent interaction between them. After subtracting the
amount of S100A11 that bound to liposomes in the absence of annexin A6, a 1:1
stoichiometry was obtained between S100A11 and annexin A6, which corresponds to a
stoichiometry of 1 SI0O0A11 monomer : 1 annexin A6 or 1 SI00A11 dimer : 2 annexin
A6 monomers. This stoichiometry is consistent with that obtained in chemical cross-
linking experiments in which the ~81 kDa band corresponds to a 1:1 complex of

S100A11 and annexin A6 (Fig. 20). A ~93 kDa band was also observed in cross-linking
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experiments, corresponding to a stoichiometry of 1 annexin A6 monomer : 1 S100A11
dimer (Fig. 20). Fig. 33 shows the theoretical interaction between annexin A6 and

S100A11 in the liposome co-pelleting assay (A) and cross-linking experiments (B).

4.4 1dentification of two binding sites on annexin A6 for S100A11

Both annexin Al and annexin A6 interact with SI00A11 in a Ca*'-dependent manner.
The N-terminal domain of annexin Al is responsible for the binding to S100A1l
(Mailliard et al., 1996; Osterloh et al., 2000). We had anticipated that the N-terminal
domain of annexin A6 might also be the binding site for SIO0A11. However, A(1-
20)annexin A6, which lacks this domain of annexin A6, bound to SI00A11 in a Ca*'-
dependent manner (Fig. 21), indicating that the N-terminal head region of annexin A6 is
not required for the interaction. This conclusion was supported by gel overlay (Fig. 22).
To identify the binding site on annexin A6, SI00A11-Sepharose affinity chromatography
of a partial tryptic digest of annexin A6 was performed and two major fragments were
detected of M, ~68 kDa (slightly smaller than full-length annexin A6) and ~ 34 kDa,
indicating the presence of major tryptic cleavage sites near one end of the annexin A6
molecule and in the centre of the molecule (Fig. 23). Based on the available cleavage
sites in full-length annexin A6 (trypsin cleaves after Lys or Arg when the next residue is
not Pro) and comparison of the molecular weights measured by MS with those of tryptic
fragments predicted from the annexin A6 sequence (Figs. 24 — 26 and Table 1), the
identities of the peptides were deduced, indicating that: (i) cleavage at K4 — G5 generates
the ~ 68 kDa tryptic fragment, and (ii) subsequent cleavage at R339 — M340 and K348 —

V349 generates 3 tryptic fragments corresponding to G5 — R339, M340 — D672 and
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Fig. 33: Stoichiometry between annexin A6 and S100A11 in liposome co-pelleting
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V349 — D672, all of which bind to SI00A11 in a Ca**-dependent manner (Fig. 23). These
conclusions were confirmed by MS analysis of the ~34 kDa tryptic fragments of annexin
A6 and N-terminal sequencing of tryptic peptides of annexin A6 (Fig. 25 and Table 2).
Therefore, one of the tryptic cleavage sites is located in the N-terminal head region and
the other two in the linker region between annexin repeats 4 and 5 (Fig. 26), consistent
with the accessibility of these regions apparent from the crystal structure (Fig. 6B). Taken
together, therefore, we can conclude that 4 tryptic fragments bound to the S100A11
affinity column in a Ca*"-dependent manner (Fig. 23) and correspond to: G5 — D672, G5
—R339, M340 — D672 and V349 — D672 of annexin A6.

We confirmed that the N-terminal head region is not required for the interaction.
Furthermore, both the N-terminal half (G5 — R339) (Figs. 29 and 30) and the C-terminal
half (M340 — D672) of annexin A6 (Figs. 27 and 28) interact with SI00A11 in a Ca*'-
dependent manner. It was reported that the central linker region of annexin A6 is
responsible for the interaction with the key Ras regulatory protein pl120-GTPase
activating protein (p120°*") (Chow & Gawler, 1999) and mu subunit of the clathrin
assembly proteins (Creutz & Snyder, 2005). Therefore, the exposed hydrophobic central
linker of annexin A6 might be responsible for the interaction with S100A11.
Alternatively, the data would be consistent with a binding site within the N-terminal 4-
annexin repeat domain and a binding site within the C-terminal 4-annexin repeat domain.
These possibilities could be distinguished by characterizing the S100A11-binding
capabilities of the following 3 expressed domains (cf. Fig. 26): (i) S21 - L318, (ii) C319 -

G365 and (iii) D366 — L667.
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4.5 The effect of phosphorylation on the interaction between S100A11 and annexin
A6

In this study, it is reported for the first time that chicken SI00A11 can be phosphorylated
in vitro by cPKC (Fig. 31). Wild-type SI00A11 was phosphorylated to ~ 0.3 mol Pi/mol
S100A11, whereas T9A and T9D SI100All reached very low phosphorylation
stoichiometry (Fig. 31), suggesting that Thr9 is the site of phosphorylation by Ca®'-
dependent PKC. It had previously been shown that the corresponding site in human
S100A11 (Thr10) is phosphorylated by PKCa (Sakaguchi et al., 2004). One question that
arises concerns why the phosphorylation stoichiometry of WT S100A11 is low (~0.3 mol
Pi/mol S100A11). Since SI00A11 can bind to phosphatidylserine in a Ca®"-dependent
manner (Fig. 16), the phosphatidylserine-containing mixed micelles used to activate
cPKC may partially mask the phosphorylation site. Alternatively, perhaps only one
S100A11 molecule in the dimer can be phosphorylated by cPKC.

Recently, it was reported that, upon exposure of human keratinocytes to high [Ca®'],
S100A11 was specifically phosphorylated at Thr10 by PKCa and the phosphorylation
facilitated the binding of S100A11 to nucleolin, resulting in nuclear translocation of
S100A11. In the nuclei, S100A11 liberated Spl/3 from nucleolin. The resulting free
Spl/3 transcriptionally activated p21<"VWAF! 3 negative regulator of cell growth
(Sakaguchi et al., 2003; ibid, 2004).

As shown in Fig. 32, phosphorylated S100A11 lost the binding capacity for
immobilized annexin A6, although a very small amount of bound SI00A11 was detected
by autoradiography. PKC-catalysed phosphorylation of SI00A11 may, therefore, be very

important in regulating the localization of SI00A11 and, consequently, its physiological
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function. How the association and dissociation of the Ca®*-dependent interaction between
S100A11 and annexin A6 is regulated by Ca>" remains to be elucidated. On the one hand,
Ca”" induces the binding of SI00A11 to annexin A6. On the other hand, Ca*" activates
cPKC, which phosphorylates S100A11 and inhibits its binding to annexin A6. An
agonist-induced increase in cytosolic free [Ca®'] may lead to formation of the S100A11-
annexin A6 complex, which forms a physical connection between the plasma membrane
and cytoskeleton that is essential for transmission of mechanical signals leading to
contraction. Activation of cPKC requires diacylglycerol production in addition to an
increase in [Ca”"], so SI00A11 phosphorylation and dissociation from annexin A6 would
require diacylglycerol production. There may also be differences in the time courses of
the Ca" signal and diacylglycerol production, and in their localization.

As mentioned earlier, the phosphorylation stoichiometry of WT S100A11 is low (~0.3
mol Py/mol S100A11). The Ca**-dependent binding of SI00A11 to phosphatidylserine-
containing liposomes might interfere with the affinity chromatography. These data must,
therefore, be considered preliminary and the limitations referred to require emphasis. A
constitutively-active PKC (Ca*'- and lipid-independent) would be very useful to further
address this question.

Evidence from other cell types has implicated annexin A6 in Ca**-dependent formation
of signaling complexes. For example, annexin A6 has been shown to associate in a Ca*'-
dependent manner with lipid rafts along with PKCa and neurocalcin-a (Orito et al., 2001)
and direct interaction between annexin A6 and skeletal muscle PKCoa has been
demonstrated (Schmitz-Peiffer et al., 1998). Annexin A6 has also been identified in a

complex with the GTPase activating protein p120 Ras-GAP and the tyrosine kinases Fyn
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and Pyk2, annexin A6 interacting directly with p120 Ras-GAP and Fyn, but not Pyk2
(Chow et al., 2000). Taken together, these results suggest that annexin A6 might regulate
the localization of Ca*'-dependent PKC upon activation, thereby ensuring
phosphorylation of specific substrate pools such as annexin A6-bound S100A11, by
acting as an adaptor protein. By virtue of its preference for acidic phospholipids, annexin
A6 may help create high density phosphatidylserine domains in cell membranes that are
required for PKC activity. SI00A11 may confer the high sensitivity to Ca®" that is
observed for association of annexin A6 with the sarcolemma (Babiychuk & Draeger,

2000).

4.6 Conclusions and future directions
In summary, the following principal conclusions can be drawn from this study: (i) the
EF-hand Ca”*-binding protein S100A11 interacts with the Ca*'- and phospholipid-
binding protein annexin A6 in a Ca*"-dependent manner; (ii) S1I00A11 and annexin A6
are both expressed in vascular smooth muscle cells; (iii) the N-terminal head region of
annexin A6 is not required for the interaction; (iv) both N- and C-terminal halves of
annexin A6 contain S100A11-binding sites; (v) the interaction between S100A11 and
annexin A6 is disrupted by phosphorylation of SI00A11 at Thr9 by Ca*'-dependent
protein kinase C.

Members of the annexin protein family, including annexin A6, have been implicated in
smooth muscle membrane organization, constituting a reversible, Ca*'-dependent link

between the sarcolemma and the cytoskeleton. Since the S100All-annexin A6
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interaction is Ca*’-dependent, the possibility arises that Ca*"-dependent formation of a
complex of annexin A6 and S100A11 links the plasma membrane to the cytoskeleton.

To evaluate the physiological relevance of the Ca®’-dependent interaction between
S100A11 and annexin A6, co-immunoprecipitation of the complex from a rat tail arterial
smooth muscle extract will be performed in the presence of Ca®" using our monoclonal
mouse anti-(rat SI00A11) and polyclonal rabbit anti-(rat annexin A6). Furthermore, the
co-localization of S100A11 and annexin A6 in vascular smooth muscle cells will be
verified at the protein level by double-labeling immunocytochemistry with isolated
smooth muscle cells from the rat tail artery.

Whether S100A11 and annexin A6 could form a Ca*'-dependent membrane-
cytoskeleton complex in vascular smooth muscle will be investigated, predicting that
S100A11 and annexin A6 interact in response to a Ca”" transient and translocate from a
cytosolic location to the sarcolemma. Confocal immunocytochemistry and co-
immunoprecipitation with isolated vascular smooth muscle cells at rest and stimulated
with an a,;-adrenergic agonist (cirazoline), angiotensin II, the thromboxane A, mimetic
U46619, or Ca*" ionophore (A23187) will be performed. Immunocytochemistry will also
be performed in the presence of ML-9 (myosin light chain kinase inhibitor) or
butanedione monoxime (actomyosin ATPase inhibitor) to prevent Ca®'-induced
contraction, which would likely affect the fluorescent signal and render translocation
difficult to visualize. Annexin A6 has been implicated in the Ca**-dependent formation of
a membrane-cytoskeleton complex in gastrointestinal smooth muscle. Using a
combination of subcellular fractionation and immunocytochemistry, as described by

Babiychuk et a/ (1999), we will determine if the same is true for vascular smooth muscle
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and will test the hypothesis that the Ca>*-dependent interaction of SI00A11 with annexin
A6 results in the association of SIO0A11 with this complex using our antibodies to
S100A11 in Western blotting experiments. These experiments with intact tissue
preparations will be complemented by similar experiments with a-toxin-permeabilized
vascular smooth muscle, in which [Ca®']; can be set at any desired level using an EGTA
buffering system to determine the Ca*" dependence of translocation.

In addition, we will investigate the translocation of annexin A6 and S100AIl1
specifically to caveolae in response to a Ca”" transient elicited by the same agonists listed
above since Babiychuk et a/ (1999) concluded that annexin A6 associated specifically
with this sarcolemmal structure in response to stimulation. Our antibodies to S100A11
and annexin A6 should enable us to address the important question of whether S100A11
and annexin A6 co-translocate to caveolae in response to an increase in cytosolic [Ca®'],
thereby providing an association between this region of the plasma membrane and the
cytoskeleton.

The binding sites on annexin A6 for SIO0A11 remain to be localized precisely. Three
deletion mutants of annexin A6 (G5-L318, C319-G365 and D366-L667), which
correspond to the N-terminal lobe, central linker and C-terminal lobe, respectively, will
be generated, expressed and purified. Gel overlay with SI00A11 and S100A11-affinity
chromatography will be performed. If the N-terminal lobe and C-terminal lobe of annexin
A6 lose the binding capability but the central linker does not, we would conclude that the
binding sites are located within the central linker. The peptide corresponding to the
central linker could then be used to disrupt the SIO0A11-annexin A6 interaction in intact

cells or freshly-isolated vascular smooth muscle strips. The peptide will be made
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membrane permeant so that it can be effectively introduced into intact smooth muscle
cells or freshly-isolated vascular smooth muscle strips and the effects on contractility will
be evaluated. The prediction would be that the peptide will induce relaxation due to
disruption of the membrane-cytoskeleton interaction mediated by the S100A11-annexin
A6 complex, or inhibit the contractile response if the tissue is incubated with peptide
prior to stimulation.

Determination of the three-dimensional structure of (Ca*")4-S100A11, bound to the
annexin A6 peptide will represent a major advance in understanding of the protein-
protein interactions between S100 and annexin family members. Given the fact that the
binding site on S100 proteins for annexins, e.g., the binding site on SI00A11 for annexin
Al (Fig. 6B), involves regions of the protein quite far apart in the linear sequence, the
deletion mutagenesis approach would not be feasible for SIO0A11. Direct structure
determination by, e.g., NMR spectroscopy is therefore the method of choice to define the
S100A11 amino acid residues that are involved in binding to annexin A6. In the future,
NMR spectroscopy might also help to investigate the Ca*'-dependent binding site on
S100A11 for phosphatidylserine.

Another approach that could be used to address the functional role of the S100A11-
annexin A6 interaction involves down-regulation of SI00A11 and annexin A6 by small
interfering RNA (siRNA). The prediction would be that the down-regulation of either
protein would attenuate the contractile response to stimuli. The functional significance of
the Ca’’-dependent interaction between S100All and annexin A6 that we have
demonstrated in vitro could also be investigated by generating knockout mouse models of

S100A11 and annexin A6. The fact that blood pressure in annexin A6 null mice appears
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normal (Hawkins et al., 1999) suggests that there may be compensation for the absence of
annexin A6, perhaps by overexpression of another annexin. The generation of a double
knockout of SI00A11 and annexin A6 would then be necessary.

To assess the functional significance of the phosphorylation of SI00A11 by cPKC and
the phosphorylation-dependent disruption of the interaction between S100A11 and
annexin A6 that we have demonstrated in vitro, it would first be necessary to verify,
using phosphospecific antibodies, that SI00A11 phosphorylation indeed occurs in intact
smooth muscle tissues in response to PKC activation by, e.g. phorbol 12, 13-dibutyrate
and physiological stimuli such as o;-adrenergic agonists. The effects of such treatments
on the localization of SI00A11 in real-time could be investigated using GFP-S100A11 in
conjunction with confocal fluorescence microscopy.

In conclusion, we have reported a novel Ca**-dependent interaction between the Ca*'—
binding protein SI00A11 and the Ca*'- and phospholipid-binding protein annexin A6 of
smooth muscle, which is disrupted by phosphorylation of SI00A11 at Thr9 by Ca*'-
dependent PKC. This regulated protein-protein interaction may play a role in control of
membrane-cytoskeleton connections, which are necessary for force development, and/or
control of formation of signaling complexes at the sarcolemma. In the course of this work,
several tools were developed, including SI00A11- and annexin A6-specific antibodies,
which will be useful in elucidating the physiological role of the Ca®’-dependent

S100A11-annexin A6 interaction.
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