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Anncxm IV (endonexing has been putifted from chicken Yiver und erysm\hxed by the vupuur diffusion method. C'mmh which diffraect to ut least
2.2'A buve been ablalned, Thcy befong 1o space group R} wnd hitve unit cell dimansions of emb=994 A, =962 A, a=ml", f=9l’, p= 120"
) There i one mekecule ct' 32 sau Daper usymmcult uil. : '

Annomn Calelume dcpcntlenlplmiplmhpltt birding protcm Crystullization; E.mlanc:ln f.hickun liver

INTRODUCTION

Annexin 1V (also rcferred 1o ds endanexin, protein 11
ar chromobmdm 4) Is a 32 500 Da member of the an-
nexin family of calcium- ~dependent ‘phosphalipid-
binding proteins (for reviews see [1~3]); for
nomenclature see {4]). Other well-characterized
members of the annexin family include annexin 1
- {lipocortin 1), annexin H (calpactin 1), annexin V (en-
donexin 1), annexin VI (p68) and annexin VIi (syncx-
in). The complete amino acid sequence of annexin 1V

has been determined {5,6]. In common with other an- -

_ nexins, it consists of a unique N-terminal tail followed
by a core of four (or eight in the case of annexin VI)
repeats of a highly conserved 70~80 amino acid se-
guence, : ' ‘ ‘

The crystal and molecular structure of annexin V has
recently been reported (7.8]. It is folded into four do-
mains, each corresponding to one of the four amino

acid sequence repeats. The amino acid sequence of an-'.

nexin V shows 58% overall identity to annexin. [V, with
the N-terminal tail regions having a much lower amino

acid sequence identity (approximately 28%) than is .

found in the four repeated sequences of the protein core
[31. The N-terminal region of annexin 1V contains a

residue phosphorylated by protein kinase C in vitro, -

whereas annexin V appears not to be a protein kinase C
" substrate [5,9]. Annexins IV and V have different af-
finities for phospholipids [10,11] and ¢ach has a distinet
tissue distribution. Annexin V is found in most cell
types, whereas annexin 1V has a more restricied distri-
bution, suggesting @ more specialized rofe [12]. It has
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been proposed that the dissimilar N-terminal (ail
regions may confler n different functian on each annex-
in [9]). 7
. Asameans of investigating further the three- dumen- ‘
sional structures of members of the annexin family, we °
have commenced a ¢rysiallographic study of annexin
IV. In this.paper, w¢ present thc first report nf‘ its
crysta]h;anon. ‘

2, EXPER!MENTAL

Annc:m IV was purified from' ch;nkcn liver usmg a meihod
maodified from [13]. Tissue (250 g) was homogenized in & Waring
blender with -1.23- of 015 M NaCl/é, mM BGTA/Q25 mM

' PMSF/10mM Hepes, pH 7,4, and centrifuged in a Sarvaell GSA rotor

al 20 000 x g for 30 min. The supernatant was remaved and CaCla
added 101t to a final concentration of 6§ mM (1 1nM excess). ‘After 15
min on iee, the fraction was centrifuged for 30 min al 20000 x g, The
peflet was washed twice with 200 ml of 0,15 M NaCl/ 1 mM CaCl/10
mM- Hepes, pH 7.4, by resuspension and centrifugation (Sorvall
§5-34 rator, 40 000 x g for 30 min), and then twice with 200 ml of
1 miM CaCly/10 mM Hepes, pH 7.4, The pellet was then resuspended
in75 mlof 10 M EGTA/10 mM Hepes, pH 7.4, and centrifuged for
30 min at 100000 % g. All steps were performed at 4°C.
The final supernatant was dialysed against 20 m™ Hepes, pH 7.4,

" and further purified using jon-exchange chromatography on DEAE-~

celiulose equilibrated in the same buffer, The conditions wers assen~
txally asdescribed in [13], but using a linear gradient of 0-0.6 M NaCl

: m 20 mM Hepes, pH 7.4, forelution, Annexin 1V is eluted as the ma-

jor protein peak at approximately 0.08 M NaCl. The peak protein
fractions were collected, pooled, dialysed against 20 mM Hepes, pH

7.4, applied again to the DEAE-<eliulose column (re-equilibrated with
20 mM Hepes, pH 7.4) and eluted with a linear gradient of 0-0.4 M
NaCl in 20 mM Hepes, pH 7.4, This procedure removed a number of
minor contaminans. The fractions containing annexin IV were then
combined and dialysed extensively at 4°C against-20 mM Tris-HCI,
pH 8.0, containing 10 mM NaNj. In order to concentrate the protein
sufficiently for crystallization, the protein solution was placed in

~ dialysis tubing, covered in polyethylene glycol 20 000 and left at 4°C -
for several hours. By this means, small volumes of highly concen-

treted protein could be obtained, typically 1 mi at a concentration of.
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19 mg/ml, Prowin congeninitions were medvured wving BCA reagent
{Plerce, Rockfond, (L) acverding ta the manuristires’s ingtructions.

S8 palyacrylamide gel cleciraphoreils was performed sgeerding o '

Lacmmil {14). Gels were stained with Coomassle brilliam blue.

The purificd annesin 1V ways wsed i hanging drop cryaallization
teabls |18), The bewt qualily sryuals were prown al 18*C fram 16 a4t
trops cantaining 3 4l of proigin solution (10 masmi pretein in 20 MM
TrisHCH, pH 2.0) mixed with 3 44 of preciphant (2.1 M snmonlum
sulphate Iy 20 M Tels-HCL pH 8.0, with | M CaCl addvd te jive

a rinal calcivin <oneentraden of 10 mMj suspended above rxervoirs
. gontitining 1 mi of the tame precipilant. Crystals first appear afer
abaut one week and growih appears 1o be complete in 3=3 weeks, The

final size of ¢rymals s 0.2 = 0,14 = 0.1 mm. Crystald diffeact o

beyventt 2.2 A and dre siable 1o Xerays (produced by 4 Rigaky -

RU-2008 rotating nnode with o 200 am fovus operating ail 45 KV amd
&0 mA) for i least five duys of contaitow expesure. A good quality
native daia ses has been collested using a Siemens "C 100A aren detes:

tor mcumed on the Rigaka.

3. RESULTS AND ‘D‘ISC‘USSION

Annexln IV is the major annexin isolated from
. chicken liver using the method described, Large
amounts, approximately 40 mg/kg, can be obtained in
a highly purified form. The inittal homogenate and
final supernatant of the preparation are shown. in
Fig. la und b. On ion-exchange chromatography on
DEAE-cellulose, annexin IV clutes as the major pratein
peak at approximately 0.08 M NacCl. Fig. 1c shows the
-purified protein, which migrates as a singlespot on two-
dimensional gel elecirophoresis at 32 500 Da, pJ ap-
proximately 5.6 (not shown) For crystaliizaiion
studies, the purified annexin 1V is dialysed and LOhCCll-
trated as described in section 2.

A typical crystalissnownin Fig. 2. A combmauon of
precession photography (Fig. 3) and autoindexing of

kDa
66-

a b ¢

Fig, 1, 109 SDS-polyacrylamde gel electrophoresis of stages in the

purification of annexin IV from chicken liver. (a) Homogenate of

chicken liver; (b) fina) supernatant of the liver preparation; (©)
punfled annexin 1V eluted from DEAE-cellulose

188

 FERS LETTERS

L a =0 =994 A

F‘ebruari 199! ‘

Fig. 2 Cryunl af annesin [V from chicken lver, The lange nide of
©othe «.fyxml I 0.1 mm in length.

the area detector data has established that the crystals

are trigonal, space group R3, with unit cell parameters: -
' ‘; = 96,2 A;ﬂ‘ = ‘_90°‘|ﬁ = 90°. ¥ =
120°, The volume per unit protein molecular mass is
2,18 A'/Da for one molecule of molecular weight
32 500 per asymmetric unit (Z =9 for hexagonally ins

_dlexed R3). This corresponds to a solvent content of ap-

proximately 56%, which is well within the range observ-
ed for other proteins [16).

The results described here represent the first report of
annexin IV crystals .to date. Preliminary erystal-

lographic studies of a further member of the annexin
“family, annexin VI (p68), have also been described

{171, The annexin IV crystals described here have the
same group (R3) and almost identical unit cell dimen-.

Fig. 3. Precession photograph of annexin 1V from chicken liver. This

10° picture (hk() was taken at a crystal to film distance of 100 mm on

a Rigaku rotating anode X-ray generator operating at 45 kV and 60

mA with an exposure time of 15 h. The 10° precession photograph

shows strong diffraction Lo 4.4 A. {ffraction to beyond 2.2 A can be
: obtained
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xions o the apnexin V erystals whove structure has been
determined {for anwxin V, ¢ = b w 99.6 A, ¢ = 96.4
Acae = # = 90, 9 = [20*) [R]. Further crystal.

lagraphie studies of annexin IV are underway 1o deter:

mine jrs mrce-dlmf:mmnnl siructure,
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