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ABSTRACT. The matrix protein M1 of influenza A virus forms a shell beneath the viral envelope and
sustains the virion architecture by interacting with other viral components. A structural change of M1
upon acidification of the virion interior in an early stage of virus infection is considered to be a key step
to virus uncoating. We examined the structure of a 28-mer peptide (M1Lnk) representing a putative linker
region between the N- and C-terminal domains of M1 by using circular dichroism, Raman, and absorption
spectroscopy. M1Lnk assumes arhelical structure in a mildly hydrophobic environment irrespective

of pH, being consistent with the X-ray crystal structures of an N-terminal fragment of M1 at pH 7 and 4.

In the presence of 2, on the other hand, M1Lnk takes a partially unfolded conformation at neutral pH
with a tetrahedral coordination of two Cys residues and two His residues té d@dtnin the central part

of the peptide. Upon acidification, the peptide releases th#e ¥om and refolds into thex-helix-rich
structure with a midpoint of transition at pH 5.9. The pH-dependent conformational transition of M1Lnk
strongly suggests that the interdomain linker region of M1 also undergoes a pH-dependent unfolding
refolding transition in the presence of Zn A small but significant portion of the M1 protein is bound

to Zré* in the virion, and the Z#-bound M1 molecule may play a special role in virus uncoating by
changing the disposition of the N- and C-terminal domains upon acidification of the virion interior.

The matrix protein M1 of influenza A virus is the most

of M1 is considered to be a key factor that regulates the

abundant viral component, and about three thousand copiesnteractions of M1 with other viral components4(-16).

of M1 form a shell surrounding eight ribonucleoprotein
(RNPY cores (—4). The outer surface of the M1 shell is

The intact M1 protein is composed of 252 amino acid
residues 3, 24). However, the crystals examined by X-ray

covered with a lipid membrane envelope, which carries the giffraction contained only the N-terminal fragment up to

transmembrane channel protein M2 and two membrane-

anchored external glycoproteins, hemagglutinin (HA) and
neuraminidase (NA). The architecture of the virion is
stabilized by interactions of M1 with the RNP cores, lipid
membrane, and cytoplasmic tails of HA and NA as well as
with adjacent M1 molecules in the shei<(9). In addition

to being a major structural component, the M1 protein plays
a crucial role in virus replication. Upon infection to a host
cell, the virion is internalized by HA-mediated endocytosis,
and the ion channel M2 protein opens to allow proton flux
from the acidic endosomal compartment into the virib-

13). The acidified virion interior (pH-5) induces dissocia-
tion of M1 from RNP and other structural components,
leading to virus uncoatinglé—16). Later in the virus

GIn164 because of proteolytic cleavage during the crystal-
lization (25—27). In the crystal structure, the N-terminal
fragment folds into a globular domain composed of two
subdomains, each of which consists of fauhelices. The
domain structure of the N-terminal fragment is identical
between the crystals prepared at pH 7 and 4, and the
influence of pH is seen only in the crystal packir@b{

27). The structure of the full-length M1 protein has been
studied in solution by circular dichroism (CD), small angle
neutron scattering, and tritum bombardme®é,(28). All

of the solution experiments have suggested that the C-
terminal region (residues 16%252), which was not analyzed

by X-ray diffraction, also forms a domain rich m-helical
structure at both neutral and acidic pH. These observations

replication cycle, the M1 protein transports newly synthesized 5ise the possibility that a pH-dependent structural change
RNP cores from the nucleus to the cytoplasm and promotesys M1 occurs in the linker region between the N- and

the assembly of virion components for budding at the host ¢_terminal domains rather than within the domains them-

cell membraneX7—22). A pH-dependent structural change
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selves. Residues 15964 (His®*-Arg-Ser-His-Arg-Glrit4)

at the C-terminal tail of the N-terminal fragment are
disordered in the crystal structure and considered to be part
of the interdomain linker regior2, 26). The putative linker
region contains His159 and His162, and protonation of the
His imidazole rings might be the origin of the expected pH
sensitivity of the M1 structure. Another structural charac-
teristic of the putative linker region is the presence of a highly
conserved Zn finger-like Cyslis, motif, Cys“&-Cys!®.-
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His!%-His!®?, which actually binds a Z ion in vitro and
in vivo (5, 29, 30), though the crystals examined by X-ray
diffraction did not contain Z# ions @5, 26).

In this study, we have examined the effects of pH and
Zn?* binding on the structure of a 28 amino acid peptide
that represents the putative linker region including the
CysHis; motif: Ac-Thr3®-Thr-Glu-Val-Ala-Phe-Gly-Leu-
Val-Cyst&Ala-Thr-Cys5-Glu-Gln-lle-Ala-Asp-Ser-Gln-
His'®*Arg-Ser-His®%~Arg-GIn-Met-Val®-amide (M1Lnk).

Analyses of absorption, CD, and Raman spectra have shown

that Zr#*-free M1Lnk takes am-helical structure irrespective
of pH. In the presence of 2h, however, the peptide exhibits
a strong pH dependence. At neutral pH, &Zion binds to
the CysHis, motif and induces a partially unfolded structure,
whereas the peptide retains tiéhelical structure at acidic
pH without binding to ZA". The pH-dependent conforma-
tional transition of M1Lnk in the presence of Znstrongly
suggests that the interdomain linker region ofZhound
M1 also undergoes a conformational transition from partially
unfolded too-helical upon acidification of the virion interior.

EXPERIMENTAL PROCEDURES

Peptide Synthesis and Purificatiofihe peptide M1Lnk,
whose amino acid sequence was taken from human influenz
virus A/PR/8/34 23, 24), was synthesized on an Applied

Biosystems Model 431A automated peptide synthesizer by

using amino acid derivatives protected by the 9-fluorenyl-
methoxycarbonyl group. The N- and C-termini of the peptide
were acetylated and amidated, respectively, on the peptid

synthesizer. The peptide was cleaved from the resin, purified
by HPLC on a reversed-phase column, and lyophilized as

the hydrochloride salt. The disulfide linkages formed by
autoxidation of Cys were reduced by incubation with
dithiothreithol (DTT) for 40 min at 60°C. DTT and its

oxidation products were removed by HPLC on a gel-filtration
column. All sample manipulations after the reduction were

performed under an atmosphere of high-purity argon. The

e
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FiIGUrRe 1: CD spectra of M1Lnk in neat aqueous solution (dotted
line) and in 16-50% (v/v) TFE solution. The solutions contained
25 uM peptide, 1 mM HEPES (pH 7.4), and 100 mM NaGlO
The corresponding CD spectra at pH 5.4 were almost identical to
the spectra shown here.

solution of M1Lnk (25uM peptide, 30 mM HEPES, 100
mM NaClQ,, pH 7.4) in the presence and absence of 50%
(v/v) TFE. Identical results were obtained in two independent
Ritration experiments.

UV Raman spectra were excited with 244 nm continuous
wave radiation from an intracavity frequency-doubled argon
ion laser (Coherent Innova 300 FReD) and recorded on a
UV Raman spectrometer (Jasco TR-600UV) equipped with
a UV-enhanced CCD detector (Princeton Instruments LN/
CCD-1752). The sample solution was stirred with a magnetic
stirrer in a quartz optical cell of 2 mm path length. The
concentration of M1Lnk was 0.8 mM in 30 mM HEPES (pH
7.4) or MES (pH 5.4) buffer containing 100 mM NaClO
and 50% (v/v) TFE. One equivalent of ZnQGlas added to
the peptide solution for preparation of the?ZrM1Lnk
complex. Raman signals of each sample were accumulated

concentration of M1Lnk in stock solution was determined 'OF 45 min, and the spectra of two fresh samples were

from the intensity of the 1003 cmiband of Phe144 relative
to that of the 933 cmt band of CIQ~ added as an internal

intensity standard. A Jasco NR-1800 visible Raman spec-

trometer was used for the concentration determination.
Acquisition of Spectral DataCD spectra were recorded
on a Jasco J-720 polarimeter ugsia 1 mmaquartz cell.
M1Lnk was dissolved at a concentration of 29 in 1 mM
buffer of N-(2-hydroxyethyl)piperaziné¥-2-ethanesulfonic
acid (HEPES, pH 6.58) or 2-(N-morpholino)ethanesulfonic
acid (MES, pH 4.5-6.5) containing 100 mM NaClQand
0—50% (v/v) 2,2,2-trifluoroethanol (TFE). When the effect
of Zn?* binding was examined, 1 equiv of ZnQlas added
to the solution. The samples of different solution conditions

summed to improve the signal-to-noise ratio. The Raman
spectra were highly reproducible, and no photochemical
degradation of the sample was detected.

RESULTS

Secondary Structure of M1Lnkigure 1 shows the CD
spectra of M1Lnk at pH 7.4 in the absence of?Znin
aqueous solution, M1Lnk gives a negative weak peak at 198
nm, indicating that the peptide mostly assumes irregular
structure 82). This is in sharp contrast to the highly helical
structure found in the crystal of the N-terminal fragme28, (

27). In the crystal, two-thirds (from Thr140 to GIn158) of
the putative linker region forms am-helix named H9. The

were prepared separately, and the CD spectrum of eachdifference in secondary structure between the N-terminal
sample was recorded twice to ensure equilibration. The fragment and M1Lnk may be attributed to a difference in

recorded CD intensity was converted into molar ellipticity environment of the peptide chain. Actually, most of helix

[6] per residue. Estimation of the secondary structure contentH9 is surrounded by hydrophobic side chains extruding from
from CD spectra was performed with the software CDNN the other four helices, H1, H4, H7, and H8, in the crystal of
based on a neural network algorith@y. M1 (26, 27), whereas the environment of the M1Lnk peptide

Absorption spectra were recorded on a Hitachi U-3300 in aqueous solution is hydrophilic.

spectrophotometer ugina 1 cmquartz cell. Titration of To elevate the environmental hydrophobicity, we added
M1Lnk with metal ions was performed by adding aliquots TFE to the aqueous solution of M1Lnk. TFE is known to

of a 5 mM aqueous solution of Zngbr CoCh to a 2 mL stabilize o-helices in regions wittu-helical propensity of
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200 220 240 260 280 plotted as a function of pH in the absence (squares) and presence
Wavelength / nm (circles) of Zr#*. The ellipticity was recorded for solutions

. . containing 25M peptide, 1 mM HEPES (pH 6-58) or MES (pH
FiIGURE2: CD spectra of M1Lnk in the presence of equimolafZn 4.5-6.5), 100 mM NaCIQ, and 50% (v/v) TFE. One equivalent

at pH 7.4 and 5.4. The solution contained;24 peptide, 25uM of Zr?* was added when necessary. The curve shows a fit with a
ZnCh, 1 mM HEPES (pH 7.4) or MES (pH 5.4), 100 mM NaGIO  Hill equation.

and 50% (v/v) TFE. The effect of Zn may be seen by comparing
these spectra with the spectrum in 50% (v/v) TFE solution (solid reduced to about 50%, and instead random coil /2sdrn
line) in Figure 1. structures are generated inZrbound M1Lnk. The binding
) ) o of Zn?* at pH 7.4 induces helix unfolding in about half of
peptides and proteins3g, 34). With increase of the TFE  the region of the M1Lnk peptide chain. In sharp contrast,
content, the negative ellipticity at 222 nm characteristic of yqqdition of Zi#+ at pH 5.4 has little effect. The CD spectrum
the a-helical structure32) gradually increas_es in magnitude  recorded at pH 5.4 in the presence ofZ(Figure 2, broken
and becomes saturated at 50% TFE (Figure 1). We alsojine) is almost identical to that in the absence of Z(Figure
examined the effect of TFE at pH 5.4. The CD spectra 1 sojid line). M1Lnk retains thew-helical structure at pH
recorded at pH 5.4 were identical to those at pH 7.4 (data 5 4 even in the presence of Zn suggesting that no Zh—
not shown), indicating that the secondary structure of M1Lnk peptide interaction takes place at acidic pH.
is insensitive to pH as expected from the identical X-ray pH Dependence of the M1Lnk Secondary Structlite
crystal structure at pH 7 and 2%-27). CD spectral data described above suggest that the interaction
The CD spectra in €50% TFE solutions exhibit an  between ZA" and M1Lnk critically depends on pH. We have
isodichroic point at 202 nm (Figure 1), which provides examined the pH dependence of the M1Lnk conformation
evidence that the transition involves only two discrete in the presence of 2 by recording CD spectra at varied
conformational states. Deconvolution of the CD spectra with pH. Since the sample solutions at different pH values were
the software CDNN indicates that thehelical content is prepared separately as described in the Experimental Pro-
about 10% in the absence of TFE and about 90% at 50%  cedures, any pH dependence, if observed, may be regarded
TFE. The M1Lnk conformation can be either irregular or reversible. Figure 3 shows the ellipticity at 222 nréi].,
a-helical without any intermediate conformation. The a measure of the-helical content, plotted as a function of
helical content of M1Lnk in 50% TFE solution is higher pH in a range from 4.5 to 8. The ellipticity measurements
than that (68%) expected from the crystal structure of the were made in the absence and presence &f Zr60% TFE
N-terminal fragment, suggesting that the region adjacent to solution. In the absence of Zn [0].2;is nearly constant at
H9, His'*%-Arg-Ser-His-Arg-GIn-Met-Val®, also hasa- —3.6 x 10* deg cn? dmol* over the pH range examined,
helical propensity. Itis likely that helix H9 somewhat extends indicating that M1Lnk remains highlky-helical irrespective
to the C-terminal side under the moderately hydrophobic of pH. On the other hand, thé]}.2 value in the presence of
environment of 50% TFE solution. Although there is a small 1 equiv of Z#* shows a sigmoidal change betweeB.6 x
difference in the extent ad-helical structure, the conforma-  10* and —1.8 x 10* deg cn?# dmol! with a midpoint of
tion of M1Lnk in 50% TFE solution may be regarded as transition around pH 6 (Figure 3). Analysis of the pH
representing the conformation of the putative linker region dependence with a Hill equation yield& p= 5.94 + 0.08
of M1, at least in the major H9 region that covers two-thirds for the proton binding constant aid= 2.054+ 0.05 for the
of the CysHis, motif and includes both Cys residues. Hill coefficient (35, 36). The value of the Hill coefficient
Effect of ZA™ on the Secondary Structure of M1LiSince suggests that the transition between the highhelical state
M1Lnk contains a Cygis,-type Zr?*-binding motif in the at acidic pH and the partially unfolded state at neutral pH is
central part of the peptide chain, we have examined the effecta cooperative process involving two protonation sites. Since
of Zn?* on the conformation of M1Lnk in 50% TFE solution. the K value is close to thelf, value (~6.5) of the imidazole
Figure 2 shows the CD spectrum of M1Lnk at pH 7.4 in the ring of His, the pH-dependent conformational transition of
presence of 1 equiv of Zn (solid line). Compared to the  M1Lnk in the presence of 2 may be related to protonation
CD spectrum in the absence of Zn(Figure 1, solid line), of two His residues, His159 and His162.
the negative CD peak at 222 nm is decreased to about half Zr?*-Binding Sites of M1LnkTo elucidate the Z&i-
in depth and a larger intensity loss is seen for the positive binding sites of M1Lnk, we have examined UV (244 nm)
peak at 191 nm. Analysis of the CD spectral change with Raman spectra of 50% TFE solutions of M1Lnk at pH 7.4
the CDNN program indicates that tleehelical content is and 5.4 in the absence and presence 8f ZRigure 4 shows
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1F the other via the Natom. The disappearance of the 1574
igf/“;“}:E 3 . = cm ! band gives evidence for the absence of metal-free His
’ EF E2a7 residues. The SH stretch band of Cys at 2577 cfalso
& T 8gvaq disappears, indicating that both Cys148 and Cys151 are
= 'fl 3 bound to ZA". It is evident that Cys148, Cys151, His159,
N ' and His162 are all ligated to 2h
et s, At pH 5.4 (Figure 4C), two new Raman bands appear at
1630 and 1488 crt, which are assigned to the protonated
B imidazolium ring of His 41). The S-H stretch band of Cys
T LI is also seen at pH 5.4. The prominenhelical amide | band
. at 1654 cm? supports the highe-helical content indicated
§ by the CD spectrum. The Raman spectrum of M1Lnk in the
2 ]C : presence of Z&t (Figure 4D) is almost identical to that in
= e the absence of 2n (Figure 4C), as evidenced by the
b . difference spectrum, (Dy- (C), in Figure 4F. At pH 5.4,
Sy . the Zr** ion does not affect any Raman bands of the peptide
S main chain, His residues, and Cys residues, indicating that
E wj\fﬁw the Zr* ion does not bind to M1Lnk. This is fully consistent
V with the CD spectral observation that the secondary structure
F | m-ox2 of M1Lnk is not affected by Z# at pH 5.4 (Figures 1 and
1 2). The Raman spectra clearly show that M1Lnk releases
T T T/ T T T T T . .
2600 2500 1700 1600 1500 the Zrt* atom and refolds into the-helical structure upon
Wavenumber / cm™! acidification. The release of 2h may be initiated by the

protonation of His159 and His162, which is followed by the
recovery of the SH bonds of Cys148 and Cys151 residues.
Raman and NMR studies on Gyfis,-type Zn fingers have
shown that the affinity of His for Z# is lower than that of
Cys @2) and protonation of His residues takes place prior
to that of Cys residues upon acidificatioa3]. The acid-
induced dissociation of 2 from M1Lnk is likely to occur
the Raman spectra in the 2652500 and 17561450 cnmt in a similar way.

regions, where there are expected Raman bands of His and Coordination Geometry of Z-M1Lnk.The Zr#t ion does
Cys side chains as well as the peptide main chain. Thenot show electronic transitions in the visible region, whereas
strongest Raman band at 1654 ¢rim the spectrum of Z- the Ca@* ion, which has an ionic radius and polarizability
free M1Lnk at pH 7.4 (Figure 4A) is assigned to the amide similar to those of Zf", exhibits visible absorption due to

| vibration, and its wavenumber indicates that the peptide is d-d transition 44, 45). The Cé" d-d absorption band is

FiGUure 4: UV (244 nm) Raman spectra of M1Lnk at (A, B) pH
7.4 and (C, D) pH 5.4 in the (A, C) absence and (B, D) presence
of Zn?*. Traces D and E show the difference spectra {BJA)

and (D) — (C), respectively. The solutions contained 0.8 mM
peptide, 30 mM HEPES (pH 7.4) or MES (pH 5.4), 100 mM
NaClQ,, and 50% (v/v) TFE. One equivalent of Znwas added
when necessary.

in o-helical structure 37), being consistent with the CD
spectra reported above. A weak Raman band at 1574 cm
is ascribed to the £=Cs stretch of His in the neutral
imidazole form 88, 39). The 2577 cm* band is assigned to
the S-H stretch of Cys hydrogen bonded with a weak proton
acceptor or a donor/acceptatQdj. The relative intensity of

sensitive to both the ligand composition and geometry of
the first coordination shell6, 46). Thus, the C&' ion serves

as a useful probe of Zh—peptide interactions. Absorption
spectra of M1Lnk titrated with Co at pH 7.4 in 50% TFE
solution are shown in Figure 5A. Three transitions at 570,
630, and 665 nm gain intensity with increase of the?'Co

the Cys and His Raman bands in Figure 4A corresponds well concentration, and finally a broad absorption band is formed
with that observed for an equimolar mixture of amino acids in the presence of 5 equiv of €a Since the shape of the
Cys and His dissolved in the same solvent (spectrum notabsorption band does not change during the titration, it is
shown), giving support for the assignments of the 2577 and evident that a single coordination species is present through-
1574 cnmt! Raman bands. out the titration. The wavelength and shape of the absorption
Upon addition of ZA" at pH 7.4, the Raman spectrum band in Figure 5A are characteristic of the 2Caion
changes in some wavenumber regions (Figure 4B). Thetetrahedrally coordinated by two sulfur and two nitrogen
spectral changes are more clearly seen in the differenceatoms 45, 46). The absorbance at 665 nm is plotted against
spectrum, (B)— (A) (Figure 4E). The amide | band shifts the molar ratio of C&/M1Lnk in Figure 5B, yielding an
from 1654 to 1660 cm, reflecting the partial unfolding of  apparent dissociation constaty of (3.6 = 1.0) x 1076 M.
the helix revealed by CD spectroscopy. The 1574 chtis Back-titration of C8"—M1Lnk with Zn?* was performed
Raman band disappears, and instead two weak bands appe#o determine whether 2n binds to the same site as €o
at 1606 and 1587 cm (the 1606 cm® band is overlapped does. As shown in Figure 5C, the €absorption intensity
by the stronger Phe band at the same wavenumber).decreases linearly with increase of the?Ziconcentration
According to the relationships between thg=Cs stretch and almost diminishes in an equimolar mixture ofZand
wavenumber and metal coordinatioB8( 39), the newly M1Lnk. This observation clearly shows that the?Zron
generated Raman bands at 1606 and 1587 ame assigned  displaces the Co ion. The apparent dissociation constant
to His residues coordinating to Znvia the N and N, atoms, of Zn**—M1Lnk was calculated to by = (1.0 + 0.5) x
respectively, of the imidazole ring. One of His159 and 10°M from the plot of back-titration. Th&y value for Zri#+
His162 must be bound to a Znion via the N atom and is much smaller than that for €g being consistent with
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FiGurRe 5: (A) Visible absorption spectra of M1Lnk in the absence
and presence of Cb at pH 7.4. The solutions contained 2M
peptide, 30 mM HEPES (pH 7.4), 100 mM NaGl|@nd 50% (v/

v) TFE. Varied (0.2-5.0) equivalents of Co were added as
indicated. (B) Titration of M1Lnk with C&". The absorbance at  FIGURE 6: Model for Zr#*-bound M1Lnk. Side chains are shown
665 nm Qses) is plotted against the Co/peptide molar ratio. (C)  only for the Cys and His residues.

Back-titration of M1Lnk with Z@*. TheAggs value is plotted against . ) . .

the Zr#*/peptide molar ratio. The 2 ion was added to the solution ~ the second Cys residue and the first His residue, whereas

already containing 5 equiv of €b. The solution conditions in (B) M1Lnk contains an insertion of only 7 residues. Two His
and (C) are the same as in (A). residues are separated byBresidues in Zn fingers but by
only 2 residues in M1Lnk. Binding of 2 to the CysHis,-

type Zn finger peptide usually induceshelical conformation

in the His-containing region so that two His residues can
coordinate to the same Znion (48, 49). In sharp contrast,

the Zr#t binding to M1Lnk induces partial unfolding of the

_ as il ) helix as described in the Results section. These differences
Figure 2, indicating that the displacement of?Cby Zr?* suggest that the structure of Zrbound M1Lnk is not

occurs without significant_conformational change of the analogous to that of the Zn finger, which consists of two
peptide. Taken together with the results of Raman SpeCtralantiparallelﬂ-strands followed by ar-helix (47). The

analysis, it is concluded that the Znion is tetrahedrally  giryctural difference may be reflected in the sensitivity to

coordinated by the sulfur atoms of Cys148 and Cys151 as ycjgification. The ZA* ion dissociates from the Cydis,-

well as t_he |m|dazolg nitrogen atoms (ong &hd the other type Zn finger at pH 543), whereas the Zf dissociation

N,) of His159 and His162 at neutral pH. from M1Lnk takes place at pH 5.9. The elevated sensitivity

DISCUSSION pf the putative linker region may be useful in detecting the
internal pH change of the virion.

The spectral data obtained here show evidence that M1Lnk A possible model for Zff-bound M1Lnk was searched
binds to a ZA" ion at neutral pH by using its Cyldis, motif. computationally starting from the highty-helical structure
The side chains of the Cys and His residues are coordinatedof Zn**-free M1Lnk based on the X-ray crystal structure at
to the Zr#* ion in a tetrahedral geometry, and the peptide pH 7.4 for residues 139158 26; PDB code 1EA3) and the
main chain is partially unfolded to facilitate the Zrbinding. standard amino acid geometrical parameters for residues
The Zr**—M1Lnk coordination is disrupted at acidic pH, 159-166 60). In the computation, the peptide main-chain
and the peptide refolds into the origiralhelical conforma- ¢—1 torsion angles and the side chgi-y>* torsion angles
tion. The conformation of M1Lnk is sensitive to pH only in  of the Cys and His residues were varied using a Monte Carlo
the presence of Zh, and Zrii*-free M1Lnk remainst-helical method to find a structure that fulfills the requirement of
at both neutral and acidic pH. Thus, the ghis, motif is tetrahedral coordination of the Cys and His ligands to & Zn
essential for M1Lnk to obtain the pH sensitivity of the ion. Figure 6 shows a structural model, of which the
conformation. stereochemical quality was checked by the ProCheck soft-

Some Zn finger peptides also contain gy, motifs. ware 61). The p—y andy’—y>! angles obtained are listed
However, the arrangement of two Cys and two His residues in Table 1. In the model, long and short helices are connected
in M1Lnk significantly differs from that of the CyBlis, with a loop region that binds to a Zhion. The long helix
motif in Zn finger proteins 47). A typical CysHis,-type belongs to the N-terminal domain of M1 and the short helix
Zn finger protein contain 12 amino acid residues between to the C-terminal domain. The-helical content (46%) of

the finding that the Z# complex is orders of magnitude
more stable than its Cb counterpart in a tetrahedral ligand
field composed of two sulfur and two nitrogen ator$)(
The CD spectrum recorded for €e-M1Lnk at pH 7.4 (not
shown) was almost identical to that of ZrR-M1Lnk in
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Table 1. Torsion Angles in a Structural Model for ZrmBound
M1Lnk?

Biochemistry, Vol. 42, No. 7, 20031983

C-terminal domains, resulting in an altered interaction
between M1 and other viral components. Althougt¥Zn
bound M1 molecules are not abundant in the virion, they

residue ¢ P a Vs . L . . .
Valla7 499 601 may play a special role in virus uncoating by using their
033148 1349 a9 _179.9 unique sensitivity to acidification.
Alal49 934 13.2
Thr150 -164.5 —67.0 REFERENCES
8?15115521 _g%g _11274?52 66.0 1. Lamb, R. A., and Choppin, P. W. (1988nnu. Re. Biochem.
' ] 52, 467-506.

%253 _411(2)2 —67&;188 2. White, J M., Hoffman_, L. R., Are_:valo, J. H and Wilson, I. A.
Alal55 _47'4 _47'7 (1997) in Structural Biology of Viruseg¢Chiu, W., Burnett, R.
A an : M., and Garcea, R. L., Eds.) pp 8Q04, Oxford University Press,
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