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Clustered Regularly Interspaced Short Palindromic Repeats (CRISPRs) and CRISPR-associated (Cas) pro-
teins are involved in bacterial acquired immunity against incoming hazardous genetic materials. Cas1
is ubiquitous in CRISPR-containing microorganisms and supposed to recognize and cleave a foreign
nucleic acid, and integrate the cleaved fragment into host genome using a yet unidentified mechanism.

Keywords: However, all the reported Cas1s did not show the nucleolytic activity, which makes its role still obscure.
g;?;PR The elucidated crystal structure of Cas1 from Archaeoglobus fulgidus (AfCas1) shows a butterfly-like

dimeric structure. The Asp out of three confirmed nucleolytic residues of Glu, His, and Asp in other Cas1s
is replaced with Glu in AfCas1. Further, insertion of five residues into one of two loops, which are close to
the catalytic center of and disordered in other Cas1 structures, partially covers the active site of AfCas1.
Nonetheless, in vitro assays show that its nucleic acid-binding activity was not impaired against the
tested single-stranded (ss) DNA, various forms of double-stranded (ds) DNA, or ssRNA with a hydrolyzing
activity against ssSRNA and dsDNA in a metal ion-dependent way. These results support the proposed

Bacterial immune system
Crystal structure

Cas1’s function at the early step of this bacterial immune system.

© 2013 Elsevier Inc. All rights reserved.

1. Introduction

The heritable bacterial immunity against the invading foreign
nucleic acids is accomplished by Clustered Regularly Interspaced
Short Palindromic Repeats (CRISPRs) and scores of accompanying
CRISPR-associated (Cas) proteins [1-4]. The information of past
visitors is recorded in the variable sequence (a spacer) between
the two specific repeats within the CRISPR locus [1,4,5]. The
CRISPR/Cas-based adaptive system includes at least three distinct
steps: the recognition and cleavage of incoming exogenous genetic
elements and the incorporation of the cleaved fragment into the
spacer sequence of the host CRISPR locus, the transcription of the
CRISPR locus by the host and processing of a long transcript into
a number of small crispr (cr) RNAs, and the silencing of exogenous
gene using the small crRNAs as a bait [6].

Among several Cas proteins, Cas1 and Cas2 are ubiquitous, since
they are found in almost all the microorganisms that possess the
CRISPR/Cas system. Therefore, their existence in a microorganism
is a hallmark to identify whether or not an organism contains this
kind of immune system. The function of Cas1 has been implicated
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from the elucidated structure and structure-based functional anal-
ysis of Cas1l from Pseudomonas aeruginosa strain 14 (PaCasl),
which is a metal-dependent double-stranded (ds) DNA-specific
endonuclease and produces dsDNA fragments of approximately
80 base pairs in length. Based on these data, Cas1 has been con-
ceived to take part in the reactions of the early stage in an acquired
bacterial immune system by playing a role in the recognition and
cleavage of foreign nucleic acids, and possibly in the integration
of their fragments into CRISPR loci [7]. Cas1 from Escherichia coli
K12 (EcCas1) has also shown an endonucleolytic activity, but it
has specificity against the single-stranded (ss) and branched dsD-
NAs in a metal-dependent manner. Particularly, the recognition
and cleavage of branched dsDNAs may coincide with the proposed
Cas1 function that integrates the cleaved exogenous products into
the CRISPR locus. Further, in vivo experiments have exhibited that
EcCas1 physically and genetically interacted with key components
of DNA repair systems such as recB, recC, and ruvB, strongly impli-
cating that Cas1 is additionally involved in DNA repair [8]. How-
ever, the SSO1450 product, which is a Cas1 from Sulfolobus
solfataricus (SsCas1), did not cleave the added nucleic acids in the
presence of Mg ions or Ca ions. Since its nuclease activity was
tested only with metal ions that are commonly used for the detec-
tion of nuclease activity, there is still a possibility that SsCas1 may
require another kind of a metal ion for its nuclease activity, or that
it is, as suggested, a restriction endonuclease with a strong
zpreference for specific sequences that have yet to be identified
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[9]. Nonetheless, these contradictory results implicate that nucleo-
lytic activity may not be a common function of all Cas1s and the
role of Cas1 is still ambiguous.

Cas1 structures from different organisms have been deposited
in the Protein Data Bank (PDB) and publicly released, including
Cas1 from Pyrococcus horikoshii (PhCas1; PDB ID 3pv9); Cas1 from
E. coli K12 (EcCas1; PDB ID 3nkd) [8]; Cas1 from Thermotoga mari-
tima (TmCas1; PDB ID 3I1fx; Midwest Center for Structural Genom-
ics); Cas1 from P. aeruginosa UCBPP-PA14 (PaCas1; PDB ID 3god)
[7]; and Cas1 from Aquifex aeolicus (AaCas1; PDB ID 2yzs; RIKEN
Structural Genomics). They show a homo-dimeric structure, whose
monomer is composed of two distinct domains. The catalytic resi-
dues responsible for the hydrolysis of a nucleic acid are located on
the charged surface within the C-terminal a-helical domain. How-
ever, two loops at the nucleolytic cores are disordered in most of
the revealed Cas1 structures, which may play a critical role in
the substrate binding, as well as the nucleolysis [7,8].

In this study, the crystal structure of Cas1 from Archaeoglobus
fulgidus (AfCas1) was determined at a resolution of 2.40 A, and its
in vitro function was investigated.

2. Materials and methods
2.1. Cloning, expression, and purification of AfCas1

There are two genes annotated as Cas1 in A. fulgidus, for exam-
ple, AF1878 of 345 residues and AF2435 of 322 residues. The gene
coding for AfCas1 (AF1878, Met1-Trp345) was amplified from A.
fulgidus chromosomal DNA by the polymerase chain reaction
(PCR). The PCR product was cloned into pET21a (Invitrogen) deriv-
ative, which expresses 25 extra amino acids at the N-terminus
including 6 continuous His residues and the Tobacco etch virus
(TEV) cleavage sequence. The expression construct was trans-
formed into E. coli B834(DE3) strain, which was grown in Luria-
Bertani medium containing 100 pg/ml ampicillin at 310 K. After
induction by the addition of 0.5 mM IPTG, the culture medium
was maintained for a further 8 h at 310 K. Cells were harvested
by centrifugation at 5000g and 277 K. The cell pellet was re-sus-
pended in buffer A (20 mM Tris-HCl at pH 7.5 and 500 mM Nacl)
and then disrupted by ultrasonication. Cell debris was removed
by centrifugation at 11,000g for 1 h. The fusion protein was puri-
fied using a 5-ml HisTrap HP chelating column (GE healthcare,
Uppsala, Sweden). The column was washed with buffer A and the
bound protein was eluted with a linear gradient of 0-500 mM
imidazole in buffer A. After treatment with recombinant TEV pro-
tease to cleave the 6 His residue tag and removal of salts by dialy-
sis, the protein, which contains 5 additional amino acids (GGGGG)
at the N-terminus and has a theoretical isoelectric point (pl) of
9.45, was purified using a 5 ml HiTrap SP HP cation-exchange col-
umn (GE healthcare, Uppsala, Sweden). The column was washed
with buffer B (20 mM Tris-HCI at pH 7.5) and the bound protein
was then eluted with a linear gradient of 0-1000 mM NaCl in
buffer B. Seleno-L-methionine (SeMet) substituted protein was
prepared by a procedure similar to that for the native protein. In
both cases, the purified protein was >95% pure as judged by Coo-
massie Blue-stained SDS-PAGE (not shown).

2.2. Crystallization, data collection, and structure determination

For crystallization, the purified protein was concentrated to
11.5 mg ml~! in a buffer of 20 mM Tris-HCl at pH 7.5 and 300 mM
NacCl. Its concentration was determined using an extinction coeffi-
cient at 280 nm of 0.781 mg ml~! cm™' calculated from the ami-
no-acid sequence. Crystallization of AfCas1 was attempted at
295 K by the sitting-drop vapor-diffusion method. The initial crys-

tallizing condition of the native AfCas1 was obtained from Sparse
Matrix Screening [ 10]. Native crystals suitable for diffraction exper-
iments were obtained within 3 days using a hanging-drop vapor-
diffusion method at 295 K by mixing 1 pl of each protein solution
and reservoir solutions and equilibrating against 200 pul of reservoir
solution, consisting of 30% (w/v) Polyethyleneglycol Monomethyle-
ther 550, 0.1 M Bicine at pH 9.0, and 0.1 M Sodium Chloride. The Se-
Met substituted protein crystals were obtained under the same
crystallizing condition as that of the native crystals. For data collec-
tion, 10% (w/v) glycerol was added to the crystallizing precipitant as
a cryo-protectant, and the crystals were immediately placed in a
100 K nitrogen-gas stream. Diffraction data for high resolution
and those for single-wavelength anomalous dispersion (SAD) with
a SeMet crystal were collected at the BL8.3.1 of the Advanced Light
Source (ALS) in the United States of America. The indexing, integra-
tion, and scaling of the reflections were conducted using a MOSFLM
[11] and the ELVES software suite [12]. Thirteen Se sites out of the
expected 14 in the asymmetric unit were identified at a resolution
of 2.80 A using the program Phenix [13] combined with SOLVE
[14]. The electron density was further improved by density modifi-
cation using the program Phenix [ 13] combined with RESOLVE [15],
resulting in automatic modeling of approximately 70% of all mod-
eled residues. Further model building was performed manually
using the programs WinCoot [16]. When approximately 80% of the
residues were built, the initial phase was given up. Subsequently,
refinement was performed with PHENIX [ 13] including TLS restraint
using the diffraction data to a final resolution of 2.40 A. During the
refinement, additional amino acids and water molecules were
placed, leading to the present final model. The statistics for the col-
lected data and refinement are summarized in Table 1. The quality
of the model was analyzed with WinCoot and MolProbity [16,17].
Figures for the ribbon diagram and stick model were prepared using
the PyMol Molecular graphics program (Delano Scientific).

2.3. Nucleic acid binding and cleavage assays

For assay on agarose gel, the purified wild-type and mutant pro-
teins were incubated with nucleic acids for 10 min at 298 K in a
buffer solution containing 20 mM Tris-HCl at pH 7.5 and
300 mM NacCl. The total volume of the mixture was 10 pl, and
the concentration of nucleic acids was 2 uM. The mixtures were
loaded onto a 1% (w/v) agarose gel, and electrophoresis was con-
ducted for 40 min at 100V and 298 K in Tris/Borate/EDTA buffer
(89 mM Tris, 89 mM Tris borate, and 2 mM EDTA). The sequences
of the ssDNA and ssRNA used were 5-TTTCTTACACCTCTGT
TGCGGTCCACTTGTGTCCACACC-3' and 5'-AUUGAAAGCAGGAGG-
GACCGGAAACACACGGUUGAAGGG-3', respectively. The dsDNAs
used were the amplified AfCas1 gene and plasmid. For assay on a
native polyacrylamide gel, ssSRNA and dsDNA were end-labeled
with [y-32P] ATP using T4 polynucleotide kinase (Roche). The la-
beled ssRNA and dsDNA (0.1 uM) were incubated with wild-type
and mutant proteins (0.1 pM) for 30 min at 298 K in a buffer
solution containing 20 mM Tris-HCl at pH 7.5, 10 mM Magnesium
Acetate, 300 mM KCI, 100 pg/ml BSA, and 100 pig/ml Heparin. 10 pl
of the mixture was loaded onto a 12% (w/v) non-denaturing poly-
acrylamide gel (40:1), and electrophoresis was conducted for
60 min at 70 V and 298 K in Tris/Borate/EDTA buffer.

3. Results and discussion
3.1. Overall structure

The crystal structure of AfCas1 was elucidated using SAD meth-
od and refined to a resolution of 2.40 A. In the refined structure,
there are three regions that have been poorly traced: seven
residues of Glu196-Tyr202 and five of Asp241-Arg245 around the
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Table 1

Data collection and structure refinement statistics.
Data collection Native Se-peak
Synchrotron 8.3.1, ALS
Wavelength (A) 0.98968 0.97956
Space group P2,

a=708A,b=4191A,
c=12521A

o =90° §=98.02°, 7 =90°
65.0-2.4 (2.47-2.4)

Cell parameters

Resolution (A) 100.0-2.8 (2.91-

2.80)

Completeness (%) 99.4 (100.0) 95.3 (84.4)
Rierge" 17.9 (76.4) 12.9 (35.7)
Reflections (total/unique) 80,121/28,962 129,027/18,177
Multiplicity 2.8 7.0
Temperature (K) 100 100
1/Sigma® (I) 5.1 (1.5) 9.4 (3.8)
FOMS, solve/resolve (100- 0.27/0.71

2.84A)
Refinement

Reactor” [Reree 0.20 (0.25)/0.24 (0.30)

No. of atoms (protein/ 5491/355
water)
Ramachandran plot
Favored region (%) 98.3
Allowed region (%) 1.7
Outliers (%) 0
Poor rotamers (%) 49
Average B factors (A?)
Protein 293
Solvent 26.7
R.m.s.d.s
Bonds (A) 0.003
Angles (°) 0.75

Values in parentheses are for the highest-resolution shell.
FOM, figure of merit; rmsds, root-mean-square-deviations from ideal values [18].

? Rmerge = S opa[Xi (Inti— < Inkt > D]/ < Inkt >, where Iy is the intensity of
an individual measurement of the reflection with Miller indices hkl and <I};;> is the
mean intensity of that reflection.

b [/Sigma means <I>/<Sigma>.

¢ Figureof merit = | " P(x)ei*/ 3" P(«)|, where P(a) is the phase probability dis-
tribution and « is the phase.

d Reactor = Dkt lIFobs| — [Featc|l/>_pki|Fobs|s Where Fops and Feqic are the observed and
calculated structure factor amplitudes, respectively, for the reflections hkl included
in the refinement.

€ Rfree is the same as Ryqcor but calculated over a randomly selected fraction (6%) of
the reflection data not included in the refinement.

catalytic site, and two residues of Lys344-Trp345 at the C-terminus
(red-dotted boxes in Fig. 1A). Two protein molecules are present in
the asymmetric unit (ASU) with a root-mean-square deviations
(rmsds) value of 0.73 A among the aligned Co. atoms. Analyses of
the modeled residues by MolProbity [17] reveal that all refined res-
idues are located in the valid region of the Ramachandran plot
(Table 1).

The monomeric AfCas1 forms two globular domains (Fig. 1B):
an N-terminal domain (NTD, Met1-His77) of a B-sandwich with a
short a-helix and a C-terminal domain (CTD, Ala83-Cys343) of sev-
eral a-helices with two pairs of short B-strands. Two domains are
connected by a loop (Pro78-Thr82) between the B8-strand of the
NTD and the o2-helix of the CTD (B8-a2 loop). Like other related
structures, a catalytic site is formed within the o-helical CTD.
Two AfCas1 molecules in the ASU further assemble to form a but-
terfly-like dimeric structure (Fig. 1B).

3.2. Comparison of AfCas1’s NTD with those of other Casls and its
interaction for forming a dimeric structure

The NTD comprises one o-helix (o1) and eight short B-strands
(B1-B8). The eight B-strands constitute two B-sheets that are
formed by four B-strands (B2, B3, p4, and B6) and by the other four

(B1, B5, B7, and B8), respectively. The a1-helix is inserted between
the B6- and the B7-strands of the second B-sheet (Fig. 2A). A num-
ber of non-polar residues emanating from these two B-sheets are
put together to form a sandwich-like NTD with openings at both
sandwich edges.

In spite of sequence variations (Fig. 1A), the NTDs is well-super-
posed on all the reported Cas1 structures. PaCas1 and EcCas1 con-
tain approximately ten extra residues at the N-terminus compared
with other Cas1s, which form an a-helix in PaCas1 and no second-
ary structure in EcCas1 [7,8]. PaCas1 has another insertion of ten
residues between the B7- and the B8-strands, which form a short
B-sheet in one protomer, but is disordered in the other protomer
[7].

A dimeric AfCas1 structure is formed mainly via the interaction
of two NTDs. Three secondary structural elements are involved in
the dimerization of NTD, where both polar and non-polar
interactions are simultaneously observed. The B6- and the PB8-
strands from both protomers interact hydrophobically to form
two curved B-sheets of eight B-strands (Fig. 2A). The inserted o1-
helix further contributes to the dimerization of two NTDs, where
the N-terminal o-helical cap of one protomer interacts hydrophili-
cally with main-chain atoms of the B5-86 loop, and hydropho-
bically with the B8-strand of the other protomer (Fig. 2B). The
extra ten residues at the N-terminus of PaCas1 and EcCas1 and
another inserted region between the B7- and the B8-strands in
PaCas1 are located outside from the B-sandwich core. Overall, the
NTD structure of AfCas1 and its interaction in the dimeric structure
are well conserved.

3.3. Comparison of AfCas1’s CTD with those of other Cas1s

Except for several invariant or highly conserved residues that
constitute a catalytic site, the CTDs of Casls also show sequence
diversity (Fig. 1A). Approximately C-terminal 260 residues of Af-
Cas1 comprise eight a-helices. Compared with EcCas1 and PaCas1,
AfCas1 has some insertions of four short B-strands between the o7-
and the a8-helices (B9 and B10) and the o8- and the «9-helices
(B11 and B12) (Fig. 1). Nonetheless, AfCas1’s CTD is superposed
well with those of other Cas1s with small rmsd values of less than
3.0 A among the compared 230 Co atoms.

A closer look at the aligned sequences, however, reveals several
regions, resulting in the minute structural differences. First, the ex-
treme C-terminus shows little sequence conservation among Cas1s
(Fig. 1A), which are exposed to solvent. Second, the o4-helices
especially vary in terms of their lengths (Fig. 1A). Third, another se-
quence-variable region between the o7- and the a8-helices forms
a pair of B-strands in AfCas1, TmCasl, and PhCasl. However,
approximately fifteen residues at the corresponding region are
lacking in PaCas1 and EcCas1 (Fig. 1A). Overall, these sequence
variations appear not to have a significant effect on the enzymatic
activity of Cas1 since they are located far apart from the putative
nucleolytic core. However, it is worthwhile to mention the inserted
region ('9GIEIG'®®) between the o5- and the a6-helices (a5-06
loop) in AfCas1, which is unique in only AfCas1 (Fig. 1A). The a5-
o6 and the a6-a7 loops around the nucleolytic site have been
poorly defined in other Cas1s without a bound substrate [7,8]. In
AfCas1, main-chain atoms of the o5-06 loop have a weak
calculated electron density (Fig. 3A), while the a6-o7 loop is
well-traced. Therefore, this flexible a5-a6 loop is likely to undergo
disorder-to-order changes upon substrate-binding.

3.4. AfCas1 has a metal ion-dependent nucleolytic activity against
ssRNA and dsDNA

Even though there is non-definitive substrate specificity in the
catalytically active Casls of PaCas1 and EcCas1, they degraded a
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Fig. 1. Overall structure of AfCas1. (A) Structure-based sequence alignment of Cas1. The amino acid sequences are shown for Cas1 from Thermotoga maritima (TmCas1, PDB ID
3Ifx), Cas1 from Pseudomonas aeruginosa UCBPP-PA14 (PaCas1, PDB ID 3god), Cas1 from Pyrococcus horikoshi (PhCas1, PDB ID 3pv9), Cas1 from Escherichia coli str. K-12
(EcCas1, PDB ID 3nkd), and Cas1 from Archeaoglobus fulgidus (AfCas1, PDB ID 4n06). The coils and arrows above the aligned sequences represent o-helices and B-strands
observed in AfCas1, respectively. The secondary structures of NTD are displayed in orange, whereas those of CTD are shown in magenta. The numbering scheme follows the
amino acid sequence of AfCas1. The residues that form a nucleolytic core are enclosed by black boxes. The regions that have weak electron density in the present structure are
indicated in red-dotted boxes. Identical residues are marked by “*”, while conserved residues are indicated by “:” and “.”, respectively. The sequence alignment was prepared
with ClustalW2 software from the European Bioinformatics Institute based on primary amino acid sequences [19]. (B) Ribbon diagram of the dimeric AfCas1. In the dimeric
structure, one protomer is gold and magenta, and the other is blue and cyan. The figures, except for Fig. 1(A), were prepared by PyMol Molecular Graphics software from
Delano Scientific. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

substrate in a divalent metal-dependent manner [7-8]. Three polar residues within the a-helical CTDs has been considered as a strong
residues are structurally conserved at the active site within the a- evidence for the classification of Cas1 as a nuclease.

helical CTD, such as with Glu190, His254, and Asp268 in PaCas1 The catalytic site of AfCas1 can be found by superposition onto
and Glu141, His208, and Asp221 in EcCas1, respectively. Substitu- the PaCas1 and EcCas1 structures in combination with a multiple
tions of these residues into the respective Ala eliminated their sequence alignment (Figs. 1A and 3A). Three polar residues of
nucleolytic activity. In this regard, the conservation of these three Glu168, His239, and Glu254 are located within a short distance
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Fig. 2. Dimerization of AfCas1 through the interaction between the two NTDs. (A)
Stereo representation of two sandwich-like NTDs. The respective NTDs are shown
as a ribbon diagram and differentiated by blue and gold for each protomer. (B)
Stereo representation of the polar interaction between the two NTDs. 2F,-F. density
(marine) is contoured at 1.0 c. The residues at the contacting edge between the o1-
helix and the B5-f6 region are represented as stick models. N and O atoms are
colored blue and red, respectively. Hydrogen bonds are displayed as red-dotted
lines between the atoms. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

at the structurally equivalent positions to the catalytic residues of
EcCas1 and PaCas1 (Fig. 3A). The last Asp among the three residues

PaCasl

in other active Cas1s is replaced with Glu residue in AfCas1, which
is conserved in TmCas1 and PhCas1 (Fig. 1A). In the overall CTD
structures, the residues on the a5-07 secondary elements form
the putative nucleolytic site of AfCas1 (Fig. 3A). Even though two
loops of a5-a6 and a6-07 are partially disordered (Fig. 1A), the
catalytic His239 residue on the a6-a7 loop (Figs. 1A and 3A) has
a well-defined electron density in AfCas1. Five residues inserted
in the a5-a6 loop of AfCas1 form an elongated structure that par-
tially covers the putative nucleolytic core of AfCas1 (Fig. 3A), sug-
gesting that it might not be easily accessible from solvent.

The mapping of charge potentials on the surface of Cas1 dimeric
structures displays interesting polarized features, showing a posi-
tively charged surface in the vicinity of the nucleolytic core and a
negatively charged surface far from the core (Fig. 3B). Another pos-
itively charged surface is located on the other side of the active site
with the CTD of one Cas1 protomer, but faces the same side as the
active site of the other Cas1 protomer. These overall charge distri-
butions on the surface may accommodate easy and focused access
of a nucleic acid to the nucleolytic core of Cas1.

In spite of several minute structural differences around the
putative active site, the partial conservation of common nucleolyt-
ic residues of Cas1s in AfCas1 suggest that AfCas1 may function as a
nuclease. The nucleolytic activity of the recombinant AfCas1 was
tested against various nucleic acids, such as ssDNA, ssRNA, or
dsDNA, with different divalent metal ions. AfCas1 was bound to
all the tested nucleic acids regardless of metal ions (Fig. 4A).
However, AfCas1 cleaved the ssRNA and dsDNA independent of
their sequences, but dependent on metal ions in our tested condi-
tions (Fig. 4B). To confirm the involvement of three conserved res-
idues in its nucleolytic activity, they were mutated into Ala
residue. All the three respective mutations dramatically decreased
its nuclease activity against ssRNA (Fig. 4B), indicating that they
are responsible for the nucleolytic activity of AfCas1 like in other
Cas1 proteins. Therefore, the replacement of Asp residue with the
Glu in the third catalytic residue and the presence of five residues
inserted in the o5-06 loop of AfCas1 at the catalytic site do not

Fig. 3. Nucleolytic core of AfCas1. (A) Comparison of the nucleolytic cores of three Cas1s. The residues that constitute a nucleolytic core are displayed with stick models and
differentiated by colors. Only the residues of AfCas1 are labeled for clarity. The five residues inserted in the o5-a6 loop of AfCas1 are displayed as stick models with 2F,-F,
density (blue) contoured at 0.5 . (B) Surface potential map of Cas1s. The positively and negatively charged surfaces are colored in blue and red, respectively. The nucleolytic
cores of Cas1s are indicated by yellow-dotted circles. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 4. (A) Nucleolytic activity of AfCas1. Nucleic acid-binding activity of AfCas1. The mobility shifts of plasmid and linearized dsDNAs (left), and ssRNA and ssDNA (right)
were carried out on 1% (w/v) agarose gel and visualized by Ethidium bromide staining. The triangle indicates the added nucleic acids. (B) Nucleolytic activity of AfCas1. The
mixtures of radioactively-labeled ssSRNA and dsDNA and the proteins were analyzed on 12% (w/v) polyacrylamide gel with various divalent metal ions. The triangle indicates

the added nucleic acids.

interfere the dsDNA-specific nuclease activity of AfCas1. The pre-
sented data here confirm that the proposed Cas1’s activity in the
early stage of bacterial innate immunity is applied to AfCasl,
although the role of its ssRNA-specific nucleolytic activity is un-
clear still yet.

Data deposition

The coordinates and structure factors of AfCas1 were deposited
in the Protein Data Bank under the accession number 4n06.
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