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N-terminal capping repeat
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C-terminal capping repeat
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NI,C ADVNAQ DKFGKTAFDISIDNGNEDLAEILQ
E3 5 ADVNAQ DKFGKTAFDISIDNGNEDLAEILQ

Figure 1: Sequence alignment of the full consensus ankyrin repeat ptein NI 3C and the
NX3C library member E3.5 (PDB le 1MJO0). The di erent residues are in boldface. The
\cut" of the capping repeats made in NI3C in order to create I3 is shown by vertical arrows
after residue 48 and 136. In the experiments the proteins cay a MRGSHHHHHH-tag for

puri cation. In the structures used for the simulations the tag was omitted.
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Figure 2: Time series of the salt bridge switch involving Lys'® in the second loop(top)

and Lys! in the third loop (bottom) (cf. Figure 1b in the paper) during the 50-ns
simulation of NI3C at 300 K. The side chain of lysine is within salt bridge distance from
either the aspartate following in sequence, i.e. intrarepat, or the aspartate in the loop of
the preceding repeat (Figure 1 in the paper). R2, R3 and R4 deote repeat 2, 3 and 4,

respectively.
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Figure 3: Time series of the secondary structure during the 400 K runs ball molecules
investigated here (see also subsequent pages). The helicae labelled on the left side
of the plots. The colors refer to di erent secondary structural elements calculated with
DSSP [1].
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Figure 3 (continued)



Interlandi et al., Ankyrin repeat protein unfolding

Residue number

6{100 L '
0 20 40 60 80 100
Time [ns]

120 140 160 180 200

NI,C

Residue number

e i s i st TR
0 20 40 60 80 100 120 140 160 180 200
Time [ns]

Figure 3 (continued)



Interlandi et al., Ankyrin repeat protein unfolding

Residue number

= = e == |

L o
0 20 40 60 80 100 120 140 160 180 200
Time [ns]

h2 { ]
30 : i

40

Residue number

o -

h4{60 .

mmpmmm | ey s I s el s e S I

0 20 40 60 80 100 120 140 160 180 200
Time [ns]

Figure 3 (continued)
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Figure 3 (continued)
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Figure 4: Time series of the 400 K simulations with all molecules invetigated here (see

also subsequent pages). CRMSD from the initial conformation for (a) whole protein

(black line), single repeats (colored lines),(b)-(d)

single helices. (e) Ratio of native

interrepeat C contacts. R1 to R3 denote repeat 1 to repeat 3.
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Figure 4 (continued): Two simulations were run with N}C: Sim 1 (100 ns)

and Sim 2 (150 ns).
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Figure 4 (continued): Two simulations were run with N{C: Sim 1 (150 ns)
and Sim 2 (200 ns).
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Figure 4 (continued)
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Figure 4 (continued)
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Synthesis of DNA Encoding DARPins with C-cap mutations

Oligonucleotides were obtained from Microsynth (Balgactfwitzerland).

forMu2 (forward):
5'-CCATCGACAACGGTAACGAGGACATTGCTGAAGTGC-3'

revMu2 (reverse):

5'- GGAGTCCAAGCTCAGCTAATTAAGTCATTATTGCAGCACTTCAGCAAT GTCC-3
forMu4 (forward):
5'-GGACCTGGCTGAAATCCTGCAAAAAGCGGCGTAATGACTGAGC-3
revMu4 (reverse):
5'-CAACAGGAGTCCAAGCTCAGTCATTACGCCGCTTTTTGCAGG-3'
pQE_f_1 (forward):

5'-CGGATAACAATTTCACACAG-3'

Clrev (reverse):

5-GGTCTTACCGAATTTGTCCT-3'

CMulba (forward):
5'-AGGACAAATTCGGTAAGACCCCGTTCGACTTAGCGATCGACAACGGTA  ACGAGG-3
CMulb (reverse):

5'- ATTATTGCAGGATTTCAGCCAGGTCCTCGTTACCGTTGTC-3'
CMulrev (reverse):
5'-ATAATTAAGCTTTCATTATTGCAGGATTTCAGCC-3'

CMu3b (reverse):
S'-ATTATTGCAGCACTTCAGCAATGTCCTCGTTACCGTTGTC-3
CMug3rev (reverse):
5'-CTAATTAAGCTTTCATTATTGCAGCACTTCAGC-3'

CMu5b (reverse):

5'- CTTTTTGCAGCACTTCAGCAATGTCCTCGTTACCGTTGTC-3
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CMub56rev (reverse):

5'- ATAATTAAGCTTTCATTACGCCGCTTTTTGCAGCACTTCAGC-3'

CMué6a (forward):
5-AGGACAAATTCGGTAAGACCCCGTTCGACTTAGCGATCCGCGAAGGTC
CMu6b (reverse):

5'- CTTTTTGCAGCACTTCAGCAATGTCCTCATGACCTTCGCG-3'

The NI;C mutants Mut 2 and Mut 4 were obtained by site-directed muta-
genesis using the oligonucleotides forMu2 and revMu?2 or kw4 and revMu4,
respectively, the NLC plasmid as template and Pfu Turbd® polymerase (1
min at 95 C; followed by 18 cycles of 30 s at 95C, 1 min at 59 C (Mut
2) or 52 C (Mut 4), 20 min at 68 C; followed by 5 min 68 C; standard
PfuR polymerase bu er). The template plasmid waDpnl digested, E. coli
was transformed with the PCR product plasmid and positive dnes were
sequenced using standard techniques.

Mut 1, Mut 3, Mut 5 and Mut 6 were generated in two steps by asselnly
PCR. In the rst step a constant DNA fragment NI; (or NI3) and a fragment
with the C-cap mutation were ampli ed. For the constant fragnent NI, (or
NI3) the oligonucleotides pQEf_1, Clrev, NLC plasmid (or NIsC plasmid)
as template and Vent® polymerase were used (5 min at 95C; followed by
25 cycles of 30 s at 95C, 1 min at 50 C, 45 s at 72 C; followed by 5
min 72 C; standard Vent® polymerase bu er with a nal concentration of
5% DMSO). The mutated C-cap fragments for Mut 1, Mut 3 and Mut 5
were ampli ed with Vent R polymerase using the oligonucleotides CMul5a
and CMulb, CMu3b, CMu5b, respectively, while CMu6a and CMu® were
used for Mut 6. In the second step these PCR products served f@ssem-

bly PCR including the oligonucleotides pQEf_1 and CMulrev, CMu3rev or

15

ATGAGG-3'
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CMub56rev, respectively, to generate the whole molecules Mt 1, Mut 3,
Mut 5 and Mut 6. The resulting DNA was cloned viaBamHI/ Hindlll into
pPPANK][2], a pQE30 (QIAgen, Germany) derivative lacking theBbsl and

Bsal sites, and sequenced using standard techniques.
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