
The components of molecular mechanisms provid�

ing transmission, switching, and regulation of light trans�

mission in vertebrate photoreceptor cells—rods and

cones—are concentrated in their outer segments. Of pho�

toreceptor cells of these two types, retinal rods are studied

better, and below we shall consider the processes in these

cells, precisely in rod outer segments (ROS). Calcium

ions play a key role in regulation of the processes partici�

pating in light switching and light adaptation of photore�

ceptor cells. Of these processes, phosphorylation of pho�

toexcited rhodopsin catalyzed by rhodopsin kinase, syn�

thesis of photoreceptor secondary messenger cGMP by

the action of guanylate cyclase, and conductance of the

cation channels localized in plasmatic membrane of pho�

toreceptor cells are the best�studied. The effects of Ca2+

on the mentioned processes are mediated by Ca2+�bind�

ing proteins, whose functions in the photoreceptor cells

have been investigated: for example, recoverin function�

ing as calcium sensor of rhodopsin kinase, three proteins

called GCAP (guanylate cyclase activating protein), and

S100B protein which modulate guanylate cyclase in a

Ca2+�dependent manner and calmodulin regulating con�

ductance of the cation channels [1].

Earlier several proteins with apparent molecular

masses ~20, 21 (minor band), 26, 32, 70, and 80 kD bind�

ing to the photoreceptor membranes in a Ca2+�dependent

manner were detected in bovine ROS [2]. It is possible

that protein bands with apparent masses ~20, 21, 26, and

70 kD correspond to calmodulin [3], guanylate cyclase 1

activator (GCAP 1) [4], recoverin [1], and rhodopsin

kinase [1], respectively. The latter does not bind calcium

ions by itself, but in their presence forms a complex with

recoverin which allows its interaction with the membrane

in a Ca2+�dependent manner [1, 5, 6]. The above men�

tioned four proteins are now well�studied. There is no

information about the nature of the protein with molecu�

lar mass 80 kD. As for the protein with molecular mass

32 kD, we suggested that it can be one of the annexins,

Ca2+�binding proteins, because molecular masses of most

annexins vary from 32 to 38 kD [7].

Considering that the functional importance of Ca2+�

binding proteins detected in the photoreceptor cell was

demonstrated earlier and that data on the presence of

annexins in the photoreceptor cell were absent from the

literature, we isolated p32 from bovine ROS and purified

it to homogeneity. Using mass�spectrometry, we identi�

fied p32 as annexin IV (endonexin). This is the first

detection of annexin IV in the vertebrate retina.

MATERIALS AND METHODS

ROS preparations were obtained from bovine retina

frozen at –70°C as described in [8] and stored frozen

at –70°C.

Protein concentration was determined spectrophoto�

metrically according to Bradford [9] but with some mod�

ifications.

Electrophoresis in polyacrylamide gel in the presence of

SDS (SDS�PAGE) was performed according to Laemmli

[10] in 12 and 5% separating and concentrating gels,

respectively. A commercial protein mixture from Bio�Rad
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(USA) was used as molecular mass markers. After elec�

trophoresis the proteins were stained with Coomassie

Brilliant Blue (Servablue G) or silver nitrate in the presence

of 2.5% Na2CO3 containing 0.02% formaldehyde [11].

Purification of p32 from bovine ROS included the fol�

lowing procedures performed at 4°C and based on the

method described earlier [2]. Frozen ROS preparation

was suspended in 20 mM Tris�HCl buffer, pH 7.5, con�

taining 5 mM MgCl2 (buffer A), with addition of 1 mM

mercaptoethanol and 0.1 mM phenylmethylsulfonyl flu�

oride, and also 2 mM CaCl2 and 100 mM NaCl. Then the

suspension was centrifuged (100,000g, 60 min) and the

membrane pellet was washed from the soluble proteins

with the same buffer, then with buffer A with addition of

0.5 mM CaCl2 and 100 µM GTP and twice with buffer A

containing only 0.5 mM CaCl2. In each case the mem�

branes after washing were collected by centrifugation at

100,000g for 60 min. Then proteins bound to the pho�

toreceptor membranes in the presence of Ca2+ were

extracted with buffer A containing 2 mM EGTA, and the

extract was dialyzed against 25 mM Hepes, pH 7.3 (buffer

B) overnight. The resulting solution was applied onto a

MonoQ HP 5/5 column equilibrated with buffer B and

chromatographed using a FPLC chromatograph from

Amersham Pharmacia Biotech (Great Britain) at the elu�

tion rate 1 ml/min. First proteins were eluted with buffer

B, then with NaCl gradient (0�1 M) in the same buffer.

Most of the p32 was found in fractions eluted at NaCl

concentration 195�200 mM.

Study of Ca2+�dependent interaction of p32 with pho�
toreceptor membranes was performed as follows. To

remove soluble proteins, photoreceptor membranes were

incubated in 5 M urea, then the suspension was cen�

trifuged (100,000g, 60 min) and the membrane pellet was

washed thrice with 15 mM Hepes, pH 7.3. After each

washing the membranes were collected by centrifugation

at 100,000g for 60 min. The membranes thus obtained

were used for study of their binding to p32. For this, p32

(4 µg) was added to two samples (total volume 50 µl each)

containing a suspension of photoreceptor membranes

washed with urea (rhodopsin mass in photoreceptor

membranes, 10 µg) in 15 mM Hepes, pH 7.3. One sam�

ple contained 2 mM CaCl2 (“+Ca2+”�sample) and

another contained 2 mM EGTA (“–Ca2+”�sample).

After 5�min incubation both samples were centrifuged

using a Aerofuge ultracentrifuge from Beckman (USA) at

150,000g for 15 min and the supernatants were analyzed

by SDS�PAGE. The pellets were resuspended in the ini�

tial buffer which contained 2 mM EGTA in both cases,

centrifuged under the same conditions, and the super�

natants were collected and analyzed by SDS�PAGE.

Annexin IV from bovine liver was obtained according to

the procedure described in [12] which included Ca2+�depend�

ent protein extraction from liver homogenate with subsequent

chromatography on phenyl�Sepharose and then on Q�

Sepharose. The protein preparation was stored at –20°C.

Polyclonal (monospecific) antibodies against annexin

IV from bovine liver were obtained by rabbit immuniza�

tion according the standard procedure [13]. Immune

serum was then chromatographed on a column with

immobilized annexin IV purified from bovine liver (pro�

tein concentrations and experimental conditions were the

same as in the procedure of obtaining antibodies against

transketolase [13]). Polyclonal (monospecific) antibodies

thus obtained were concentrated by centrifugation on

Millipore�3000 NMWL membranes from Millipore

(USA) at 2500g for 40 min and stored at –20°C.

Immunoblotting of ROS extract was performed

according to a standard procedure [14] but with our mod�

ifications. ROS were isolated from 50 bovine retinas,

homogenized in buffer A containing 5 mM EGTA,

100 mM NaCl, 0.5 mM dithiothreitol, and 0.2 mM

phenylmethylsulfonyl fluoride, and the homogenate was

centrifuged (29,000g, 60 min, 4°C) and the supernatant

was analyzed by immunoblotting. For this, the super�

natant was subject to SDS�PAGE according to Laemmli

[10] at concentrations of separating and concentrating

gels equal to 12 and 5%, respectively. After electrophore�

sis the proteins were placed on nitrocellulose membranes

in Tris�glycine buffer, pH 8.3, containing 20% C2H5OH

at 300 mA for 1 h, membranes were incubated for 1.5 h in

20 mM Tris�HCl buffer, pH 7.5, containing 300 mM

NaCl and 0.1% Tween�20 (buffer B) with addition of 10%

dry milk, and then overnight in solution of initial anti�

bodies (dilutions are given in the Fig. 4 legend) in buffer

B. Then membranes were washed thrice with buffer B and

incubated during 1.5 h in the presence of secondary anti�

bodies against rabbit immunoglobulins conjugated with

horseradish peroxidase from Amersham Pharmacia

Biotech in buffer B (dilution 1 : 1000). After this the

membranes were washed thrice with buffer B and incu�

bated in 0.5 M Tris�HCl, pH 7.2, containing 0.1% H2O2

and 0.2% 3,3′�diaminobenzidine to color appearance.

Identification of p32 was performed as follows. The

purified p32 preparation was subject to SDS�PAGE and

the obtained gel was stained with silver nitrate [11]. The

p32 band was cut from the gel and sequentially washed

with water, a mixture of NaHCO3 and acetonitrile (1 : 1

w/w), pure acetonitrile, and 0.1 M NH4HCO3. Then the

gel was incubated in acetonitrile for 15 min, dried under

vacuum, resuspended in buffer containing 0.1 M

NH4HCO3 and 10 mM dithiothreitol (all the above men�

tioned procedures were performed at room temperature),

incubated at 56°C for 45 min, and then cooled to room

temperature. Then the gel was incubated in buffer con�

taining 0.1 M NH4HCO3 and 55 mM iodoacetamide for

30 min at room temperature, washed with 0.1 M

NH4HCO3 and acetonitrile, and dried under vacuum.

The dried gel was resuspended in buffer containing

50 mM NaHCO3, 5 mM CaCl2, and trypsin (taking 12.5 ng

per µl of the mixture) and incubated in an ice bath for

45 min. The suspension was centrifuged at 15,600g for
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5 min, the pellet was resuspended in the same buffer but

without trypsin, then the reaction mixture was incubated

for 12 h at 37°C. After incubation peptides present in the

reaction mixture were sequentially eluted from the gel

with 25 mM NH4HCO3, 5% formic acid, and acetoni�

trile. The extracts were pooled and evaporated to dryness

under vacuum; this precipitate was dissolved in 5% formic

acid and used for mass�spectrometry. Peptide fragments

of p32 were analyzed by mass�spectrometry using a

Matrix�Assisted Laser Desorption Ionization�TOF

Voyager�DE Mass Spectrometer from PerSeptive

Biosystems (USA) with DHB matrix. Subsequent identi�

fication of p32 was performed by fitting the mass�spectro�

metric data on the p32 peptide fragments to data from the

SWISS�PROT/TrEMBL amino acid sequence database

using the ExPASy PeptIdent program.

RESULTS AND DISCUSSION

As a result of the five�fold sequential extraction of

photoreceptor membranes with Ca2+�containing buffer,

many proteins initially bound to membranes transfer to

the solution (Fig. 1, lanes 2�6). Subsequent washing of

these membranes in the presence of EGTA results in

appearance of four new proteins with apparent molecular

masses ~20, 26, 32, and 70 kD in the eluate (Fig. 1, lane

7). (The band of one more protein with apparent molecu�

lar mass ~80 kD as discussed in [2] was in our case masked

by other relatively high�molecular�weight proteins.)

Based on ability of p32 to interact with photorecep�

tor membranes in a Ca2+�dependent manner and also on

the fact that molecular masses of most annexins vary from

32 to 38 kD, we suggested that the protein with molecular

mass 32 kD (p32) can be one of the annexins. Since ear�

lier nothing was known about the presence of these Ca2+�

binding proteins in photoreceptor cells, we purified p32

for its subsequent identification.

Of the considered methods for p32 purification,

FPLC on a MonoQ column from Amersham Pharmacia

Biotech appeared to be the simplest and most efficient.

The protein fraction obtained by extraction with EGTA�

containing buffer of photoreceptor membranes which

were washed before with Ca2+�containing buffer (Fig. 1,

lane 7) was the initial material for this method. The pro�

teins applied on a column were then eluted with a linear

NaCl gradient (0�1 M) in Hepes, pH 7.5, most part of

p32 being found in the fraction eluted at NaCl concen�

trations 195�200 mM. SDS�PAGE demonstrated homo�

geneity of the p32 preparation (Fig. 1, lane 8).

As shown above, p32 in the composition in the initial

ROS extract is able to interact with photoreceptor mem�

branes in a Ca2+�dependent manner. However, it cannot

be excluded that p32 by itself is not sensitive to calcium

ions and this property is in fact caused by the presence of

a soluble Ca2+�binding protein in the system; the latter

may be involved in binding p32 to membranes in a Ca2+�

dependent manner.

To check this possibility, we performed the following

experiment: p32 was incubated in suspension of photore�

ceptor membranes preliminarily washed from soluble

proteins with 5 M urea. Incubation was performed in par�

allel in samples containing 2 mM CaCl2 or 2 mM EGTA

Fig. 1. Purification of p32 from bovine ROS: 1) protein mark�

ers with their molecular masses (kD) at the left; 2�6) fractions

obtained by five sequential extractions of photoreceptor mem�

branes with Ca2+�containing buffer; 7) subsequent extraction

with EGTA�containing buffer; 8) purified p32 preparation

after FPLC on a MonoQ column. Apparent molecular masses

of proteins (kD) eluted from membranes with EGTA�contain�

ing buffer are shown by arrows. In this and subsequent experi�

ments, proteins were separated by electrophoresis in SDS�con�

taining 12.5% polyacrylamide gel (experimental conditions are

described in “Materials and Methods”).

1         2       3         4       5       6        7                      8

97 —
65 —

43 —

31 —

21 —

← 70

← 26

← 20

← 32 →

Fig. 2. Ca2+�dependent interactions of p32 with photoreceptor

membranes. Before detection p32 was incubated in suspension

of photoreceptor membranes in the presence and in the absence

of calcium ions (“+Ca2+” and “–Ca2+”, respectively). The sus�

pension was centrifuged and the supernatants were elec�

trophoresed in SDS�containing polyacrylamide gel (lanes 1 and

2, “+Ca2+” and “–Ca2+” samples). The membrane pellet was

resuspended in EGTA�containing buffer and centrifuged. The

supernatants were electrophoresed in SDS�containing poly�

acrylamide gel (lanes 3 and 4, “+Ca2+” and “–Ca2+” samples).

Positions of molecular mass (kD) markers are shown by arrows;

“p32” lane corresponds to the initial p32 preparation.

р32 1             2             3             4       

43 →

31 →
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(subsequently referred to as “+Ca2+” and “–Ca2+” sam�

ples). The samples were centrifuged and the supernatants

were analyzed by SDS�PAGE. As shown in Fig. 2, p32 is

absent from the supernatant corresponding to the

“+Ca2+” sample (lane 1) but appears in the supernatant

corresponding to the “–Ca2+” sample (lane 2).

Consequently, p32 is precipitated with membranes in the

presence of Ca2+ and remains in solution in the absence

of this cation. It should be noted that without membranes

p32 is present independent of the addition of CaCl2.

The membrane pellets were resuspended in EGTA�

containing buffer, centrifuged, and the supernatants were

analyzed for the presence of p32. As a result, p32 was

detected only in the supernatants corresponding to

“+Ca2+” sample (lane 3) but not in “–Ca2+” sample (lane

4). This fact indicates that Ca2+�dependent binding of

p32 to photoreceptor membranes is reversible.

As a whole, experiments presented in Fig. 2 indicate

that the ability of p32 to interact with photoreceptor

membranes in a Ca2+�dependent manner is retained after

its purification to homogeneity.

To identify p32, we used MALDI�TOF mass�spec�

trometry. Preliminarily purified p32 preparation was sub�

ject to SDS�PAGE, the protein band was cut from the gel,

p32 was eluted, the protein preparation was hydrolyzed by

trypsin, and p32 fragments were analyzed by mass�spec�

trometry. We identified 17 peptide fragments of p32

(table); their comparisons with peptide sets for the known

proteins from the amino acid sequence database showed

homology with annexin IV, or endonexin (Fig. 3).

It was shown that annexins earlier isolated from tis�

sues other than retina do not exhibit tissue specificity

[15]. We obtained polyclonal (monospecific) antibodies

against annexin IV purified from bovine liver and showed

experimental

1521,7900

1649,6900

1719,9000

547,2800

1539,8400

1383,7500

1118,4500

2381,2300

1457,6900

1477,7300

1666,8800

1521,7900

1175,5700

591,3500

1075,4600

857,4800

1075,4600

24

25

44

62

134

134

150

172

172

185

241

270

270

275

284

300

319

Results of mass�spectrometry of peptide fragments obtained by hydrolysis of p32 by trypsin (experimental conditions

are described in “Materials and Methods”)

10

10

29

58

123

124

142

151

161

173

226

257

260

271

276

294

310

Primary structure of corresponding peptide
fragments of annexin IV

(K)AASGFNAAEDAQTLR(K)

(K)AASGFNAAEDAQTLRK(A)

(K)GLGTDEDAIINVLAYR(S)

(K)TTIGR(D)

(R)RINQTYQLQYGR(S)

(R)INQTYQLQYGR(S)

(R)SDTSFMFQR(V)

(R)VLVSLSAGGRDESNYLDDALMR(Q)

(R)DESNYLDDALMR(Q)

(R)QDAQDLYEAGEKK(W)

(K)SETSGSFEDALLAIVK(C)

(K)SMKGLGTDDDTLIR(V)

(K)GLGTDDDTLIR(V)

(R)VMVSR(A)

(R)AEIDMLDIR(A)

(K)SLYSFIK (G)

(K)VLLILCGGDD(–)

theoretical

1521,7298

1649,8247

1719,8917

547,3204

1539,8032

1383,7021

1118,4941

2381,1771

1457,6218

1477,6811

1666,8540

1521,7583

1175,5908

591,3288

1075,5458

857,4773

1075,5345

Mass/charge No. of amino acid residues



ANNEXIN IV IN BOVINE RETINAL RODS 133

BIOCHEMISTRY  (Moscow)  Vol.  68  No. 1    2003

that these antibodies cross�reacted with purified p32 (Fig.

4, lane 1) as well as revealed this protein in the initial ROS

extract (lanes 2�5). It should be noted that at antibody

dilutions less than 1 : 25,000, other protein bands are

revealed on immunoblots along with annexin IV.

However, these bands are hardly detectable at dilution 1 :

25,000 and completely disappeared at dilution 1 : 50,000.

This fact also demonstrates specificity of the observed

reaction between annexin IV from retina and antibodies

against annexin IV from bovine liver. The ability of the

latter to cross�react with p32 from ROS showed in this

experiment is also an additional argument that p32 is

really annexin IV.

Thus, for the first time we detected and isolated

annexin IV from bovine ROS. In the future we are plan�

ning a more detailed study of intracellular localization of

annexin IV and to find an intracellular target(s) for this

protein; this may elucidate its function in the photore�

ceptor cell.

It should be added in conclusion that physiological

function (or functions) of annexin IV in cells of other

types remain unclear. Numerous data on the properties of

Fig. 3. Primary structure of annexin IV from bovine liver. The fragments of amino acid sequence of annexin IV which correspond to p32

peptides according to the data of mass�spectrometry given in the table are underlined.

Fig. 4. Immunochemical detection of annexin IV in ROS

extract with polyclonal (monospecific) antibodies against

annexin IV from bovine liver. Blots of the purified p32 (1) and

bovine ROS extracts at antibody dilutions 1 : 500 (2), 1 : 5000

(3), 1 : 25,000 (4), and 1 : 50,000 (5). Positions of molecular

mass markers (kD) are shown by arrows.

1              2             3              4                5

42 →

31 →

21 →

65 →

97 →
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this protein were obtained exclusively during in vitro

experiments (for example, [7]). Detection of annexin IV

in photoreceptor cells, a methodologically very conven�

ient object, may help to elucidate its function in vivo.
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