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Sec1 protein family members are involved in the regulation of all

intracellular SNARE-mediated (SNARE = soluble N-ethyl-

maleimide-sensitive fusion protein attachment protein receptor)

vesicle-fusion processes in a step preceding membrane fusion and

have been shown to interact with t-SNAREs. To better understand

the structural basis and the role of Sec1 in the regulation of the

SNARE-complex formation, neuronal Sec1 from the squid Loligo

pealei has been expressed and crystallized; this invertebrate protein

shows a high sequence homology to the human neuronal Sec1,

Munc18a. Here, the production of diffraction-quality native crystals,

which belong to space group P3121 and diffract to 3.3 AÊ resolution, is

described. In addition, selenomethionyl n-Sec1 crystals in space

groups P3121 and P21 have been generated. Preliminary analysis of

the monoclinic space group indicates that these crystals diffract to a

resolution higher than 2.5 AÊ .
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1. Introduction

The selective transport of cargo between

subcellular organelles is a crucial process in the

generation of membrane compartments in

eukaryotic cells. This process depends critically

on selective and ef®cient membrane fusion. A

number of genetic and biochemical experi-

ments has attributed a central role in intra-

cellular fusion events to SNARE proteins

(SoÈ llner et al., 1993; Lian & Ferro-Novick,

1993; Nichols et al., 1997; Sato & Wickner,

1998; Katz et al., 1998). SNARE molecules

represent prototypes of protein families whose

members are distributed throughout the

secretory pathway (Hardwick & Pelham,

1992). These complementary membrane-

anchored proteins are localized on opposing

membranes (Gerst, 1999) and form a highly

stable ternary complex. Electron-microscopy

studies and the recently solved structure of a

proteolytic SNARE core complex have

suggested a model by which SNARE molecules

may catalyse membrane fusion (Hanson et al.,

1997; Sutton et al., 1998). Consistent with this

view, the SNARE complex has been shown

to constitute a minimal membrane-fusion

machinery in vitro (Weber et al., 1998; Parlati et

al., 1999). In vivo, assembly of a SNARE fusion

complex is a highly regulated speci®c process.

A number of proteins, including Sec1 family

members, are thought to be involved in the

regulation of the fusion machinery (Mayer,

1999).

Neuronal Sec1 (n-Sec1) from the squid L.

pealei (Dresbach et al., 1998) belongs to an

evolutionary conserved family of proteins

generically named after the yeast protein Sec1

(Halachmi & Lev, 1996). n-Sec1 is involved in

regulating the fusion of synaptic vesicles with

the plasma membrane, resulting in the release

of neurotransmitter into the synaptic cleft. The

squid protein is a close sequence homologue of

the mammalian neuronal protein Munc18a,

indicating a high conservation of function. Sec1

family proteins have been shown to form

binary complexes with t-SNAREs, as well as to

inhibit SNARE-complex formation by

competing for the t-SNARE in vitro (Garcia et

al., 1994; Pevsner et al., 1994; Dulubova et al.,

1999). Consequently, Sec1 molecules have

been postulated to exert a regulatory function

in a step preceding SNARE-complex forma-

tion (Schulze et al., 1994). Micro-injection

studies at the squid giant synapse indicate that

addition of squid n-Sec1 inhibits neuro-

transmission without affecting action poten-

tials. Co-injection with a cytosolic fragment of

its corresponding t-SNARE, neuronal squid

syntaxin, restored proper neuronal function

(Dresbach et al., 1998), thus verifying its

regulatory role in neurotransmission.

Sec1 family molecules are cytosolic proteins

which are usually associated with membranes

in vivo, probably through their interaction with

t-SNAREs (Halachmi et al., 1995; Carr et al.,

1999). Their consensus sequence comprises no

known structural building blocks. Here, we
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report the crystallization of a Sec1 family

protein, n-Sec1 from squid, and present

preliminary data on its X-ray analysis.

2. Materials and methods

2.1. Expression and purification

Squid n-Sec1 was expressed as a fusion

protein with a 6-His-tag at the N-terminus as

described previously (Dresbach et al., 1998)

in Escherichia coli cells Bl21/pUBS (Brink-

mann et al., 1989). Cells were grown in LB

medium to an optical density (600 nm) of 0.6

and protein expression was induced with

1 mM isopropylthio-�-d-galactoside for 3 h.

E. coli cultures were harvested by centrifu-

gation and lysed in 50 ml lysis buffer (50 mM

HEPES/KOH pH 7.4, 200 mM KCl, 10 mM

mercaptoethanol) per 10 g of bacterial pellet

by soni®cation. To prevent proteolysis, a

cocktail of protease inhibitors was added

prior to soni®cation (1 mM phenylmethyl-

sulfonyl ¯uoride, 5 mM leupeptin, 0.3 mM

pepstatin, 0.005 trypsin inhibitor units

aprotinin, 0.05 mM tosyl-l-lysine chloro-

methyl ketone). The supernatant was

cleared by centrifugation (20 000 rev minÿ1,

1 h) and loaded onto a column containing

Ni2+-chelating Sepharose FF (Pharmacia

Biotech) pre-equilibrated with lysis buffer.

The n-Sec1 fusion protein was recovered by

applying a linear gradient of 0±350 mM

imidazole in lysis buffer. After dialysis

against a buffer containing 20 mM HEPES/

KOH pH 8.2 and 5 mM DTT, the prepara-

tion was applied onto a Q-Sepharose column

(Pharmacia), which was eluted with a linear

gradient of 0±150 mM KCl. A ®nal puri®-

cation step included gel-®ltration chroma-

tography on Superose-12 (Pharmacia) in a

buffer containing 20 mM HEPES/KOH pH

7.4, 100 mM KCl and 10 mM DTT. For

crystallization experiments, the protein was

concentrated to 4±6 mg mlÿ1 as determined

by the Biorad protein assay. Selenomethio-

nine-derivatized n-Sec1 was expressed as

described by Van Duyne et al. (1993) and the

same puri®cation protocol as described

above was employed.

2.2. Crystallization and X-ray analysis

Crystallization trials were set up at room

temperature and initial screenings were

performed with commercial Crystal Screen

kits (Hampton Research) in hanging-drop

vapour-diffusion experiments. Subsequent

optimization of crystallization buffers

resulted in hexagonal shaped plates which

grew on mixing 2 ml of protein solution with

1 ml of reservoir buffer containing 15%(w/v)

PEG 1000, 0.4 M ammonium sulfate, 0.1 M

sodium citrate pH 5.6, 20 mM DTT and

10 mM CaCl2. Native crystals were soaked

in reservoir buffer containing 0.2 mM

K2Pt(CN)4 for 12 h for heavy-metal deriva-

tization.

The selenomethionyl-derivatized protein

crystallized under the same conditions as

native protein. In addition, a different

crystal form could be obtained from the

storage-buffer solution at 277 K (20 mM

HEPES/KOH pH 7.4, 100 mM KCl, 20 mM

DTT).

Prior to cryo-mounting using 20 mm

cryoloops (Hampton Research), crystals

were crushed with a glass needle in order to

separate the halves resulting from macro-

scopic twinning. Small crystals were frozen

in a 100 K nitrogen stream after rapid

transfer into a reservoir buffer containing

20% glycerol. Larger crystals were trans-

ferred to 10% PEG 1000, 0.27 M ammonium

sulfate, 0.133 M KCl, 0.067 M sodium

citrate, 0.027 M HEPES/KOH pH 6.1 and

20 mM DTT and then transferred to buffers

containing 5, 10, 15 and 20% glycerol in 1 h

steps.

Native data were collected at the ID13

Microfocus beamline of the European

Synchrotron Radiation Facility (ESRF,

Grenoble, France) at a wavelength of

0.784 AÊ . The data set contains two segments

of 30� (1� oscillation frames) which were

recorded on a MAR CCD detector.

The data were processed and scaled using

the programs DENZO and SCALEPACK

(Otwinowski & Minor, 1997). The solvent

content was calculated with the program

MATTHEWS_COEFF (Collaborative Com-

putational Project, Number 4, 1994) and the

self-rotation functions were calculated using

GLRF (Tong & Rossmann, 1990).

3. Results and discussion

Squid n-Sec1 was expressed in E. coli and

puri®ed as a 6-His-tag fusion protein with a

®nal yield of 0.5 mg per litre of culture. The

puri®ed protein was eluted as a sharp band

from a Superose-12 gel-®ltration column,

indicating the homogeneity of the protein

preparation. Crystals were obtained from

solutions containing 15%(w/v) PEG 1000,

0.4 M ammonium sulfate, 0.1 M sodium

citrate pH 5.6 and 20 mM DTT by the

vapour-diffusion method using hanging

drops. The His tag did not interfere with the

crystallization; hexagonal-shaped crystals

grew to 0.6 mm in the longest dimension

(Fig. 1a). The size of the crystals was

improved by lowering the nucleation rate via

addition of 10 mM CaCl2 to the crystal-

lization drop. Hexagonal-shaped crystals

exhibited systematic macroscopic twinning,

usually two stacked plates which could be

easily separated from each other mechani-

cally.

The best data set thus far was collected on

the ESRF ID13 micro-focusing beamline

from a fragment of a hexagonal crystal plate,

with data to 3.3 AÊ resolution and an overall

completeness of 96% (Table 1). The auto-

Figure 1
(a) Crystals of native n-Sec1. Hexagonal plates were
grown from solutions containing 15%(w/v) PEG
1000, 0.4 M ammonium sulfate, 0.1 M sodium citrate
pH 5.6 and 20 mM DTT. Crystals grew to maximum
dimensions of 0.6 � 0.6 � 0.1 mm in 5 d. (b) Crystals
of selenomethionine-derivatized n-Sec1. These crys-
tals grew in the storage buffer at 277 K and have
maximum dimensions of 0.2 � 0.2 � 0.1 mm.

Table 1
Summary of data-collection statistics.

Numbers in parentheses refer to the ®nal resolution shell.

Native PtCN²

ESRF beamline ID13 ID14 EH3
Wavelength (AÊ ) � = 0.784 � = 0.931
Maximum resolution (AÊ ) 3.3 3.5
Rmerge³ 6.2 (29.7) 6.5 (28.1)
Completeness (%) 95.8 (96.3) 97.9 (93.5)
No. of re¯ections 79526 96949
No. of unique re¯ections 22649 20022
Average multiplicity 3.5 (3.2) 4.8 (4.4)
hI/�(I)i 15.5 (4.3) 19.3 (3.7)
Unit-cell dimensions (AÊ ) a = b = 118.5,

c = 192.6
a = b = 118.1,

c = 195.0

² Potassium tetracyanoplatinate(II) soak. ³ Rmerge =P
h

P
i |Ii(h) ÿ hI(h)i)|/

P
h

P
iIi(h), where Ii(h) is the ith

measurement and hI(h)i is the weighted mean of all

measurements of I(h).
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indexing procedure using DENZO indicated

that the crystals belong to the trigonal

crystal system with unit-cell parameters

a = b = 118.52, c = 192.62 AÊ . Systematic

absences along (0, 0, l) indicated a threefold

screw axis and the lattice was assigned to

space group P3121 (or P3221) in accordance

with the self-rotation function results

(Fig. 2).

Considering a molecular weight of

68 136 Da for the squid n-Sec1, the

Matthews coef®cient was determined to be

2.87 AÊ 3 Daÿ1, assuming two molecules per

asymmetric unit with a corresponding

solvent content of 56.74%. However, no

signi®cant non-crystal-

lographic peaks were observed

in the self-rotation function

from 0±360�; the solvent

content for one molecule per

asymmetric unit would be

78.37%.

Initial screening of heavy-

metal derivatized native crys-

tals indicated a high degree of

non-isomorphism among data

sets. The statistics for a data set

from a platinum-derivatized

crystal are included in Table 1.

Therefore, the n-Sec1 protein

derivatized with seleno-

methionine was also produced,

which crystallized as hexagonal

plates belonging to space

group P3121, in a similar

manner to the native crystals.

Initial testing on a rotating-

anode generator equipped

with a MAR image-plate

detector showed that these

crystals diffract to approxi-

mately 4 AÊ , which is compar-

able with the native crystals on

the rotating-anode X-ray

source. Surprisingly, large

crystals of the selenomethio-

nine-derivatized n-Sec1 also

grew from the storage buffer at

277 K (Fig. 1b). These crystals

grow to a maximum size of

0.2 � 0.2 � 0.05 mm and initial

screening on the ESRF ID14

EH4 beamline showed diffrac-

tion to better than 2.5 AÊ at a

relatively low X-ray intensity (single-bunch

mode). Initial indexing indicates that these

crystals belong to space group P21, with unit-

cell parameters a = 49.2, b = 122.9, c =

63.7 AÊ , � = 110.9�. This second crystal form

will now be employed in order to solve the

structure by the MAD technique. The

n-Sec1 protein contains 21 methionine resi-

dues, which should allow successful phase

determination by collecting data at the

selenium K absorption edge.

We thank Dr A. Perrakis (EMBL,

Grenoble) and Dr G. Leonard (ESRF,

Grenoble) for help with data collec-

tion.
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Figure 2
Self-rotation function maps of n-Sec1 for (a) the � = 120� section and
(b) the � = 180� section (using data in the resolution range 10±4 AÊ ).


