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Supplementary Material S1:

Analyzed examples of protein sequences (from BioMine-database, file “biominproteins”) containing
five duplets within 50 amino acids.

1) Five duplets within 40 amino acids

>sp|P35384 |CASR_BOVIN Extracellular calcium-sensing Receptor OS=Bos
taurus GN=CASR PE=2 SV=1
MALYSCCWILLAFSTWCTSAYGPDQRAQKKGDIILGGLFPIHFGVAVEKDODLKSRPESVE
CIRYNFRGFRWLOAMIFAIEEINSSPALLPNMTLGYRIFDTCNTVSKALEATLSEFVAQNK
IDSLNLDEFCNCSEHIPSTIAVVGATGSGISTAVANLLGLEFYIPQVSYASSSRLLSNKNQ
FKSFLRTIPNDEHQATAMADIIEYFRWNWVGTIAADDDYGRPGIEKFREEAEERDICIDF
SELISQYSDEEKIQQOVVEVIQONSTAKVIVVEFSSGPDLEPLIKEIVRRNITGRIWLASEAW
ASSSLIAMPEYFHVVGGTIGFGLKAGQIPGFREFLOKVHPRKSVHNGFAKEFWEETENCH
LOEGAKGPLPVDTFLRGHEEGGARLSNSPTAFRPLCTGEENISSVETPYMDYTHLRISYN
VYLAVYSIAHALQDIYTCIPGRGLETNGSCADIKKVEAWQVLKHLRHLNFTSNMGEQVTE
DECGDLAGNYSIINWHLSPEDGSIVFKEVGYYNVYAKKGERLEFINDEKILWSGEFSREVPF
SNCSRDCLAGTRKGITIEGEPTCCFECVECPDGEYSDETDASACDKCPDDFWSNENHTSCT
AKEIEFLSWTEPFGIALTLFAVLGIFLTAFVLGVFIKFRNTPIVKATNRELSYLLLEFSLL
CCEFSSSLFFIGEPODWTCRLROPAFGISFVLCISCILVKTNRVLLVFEAKIPTSEFHRKWW
GLNLOQFLLVFLCTFMQOIVICAIWLNTAPPSSYRNHELEDEITFITCHEGSLMALGFLIGY
TCLLAAICFFFAFKSRKLPENFNEAKFITEFSMLIFFIVWISFIPAYASTYGKEVSAVEVI
AILAASFGLLACIFENKVYIILFKPSRNTIEEVRCSTAAHAFKVAARATLRRSNVSRQORS
SSLGGSTGSTPSSSISSKSNSEDPEPOOOPKROKQOPOPLALSPHNAQQPQPRPPSTPQPQ
POSQOPPRCKOKVIFGSGTVTEFSLSFDEPQKTAVAHRNSTHQTSLEAQKNNDALTKHQAL
LPLOCGETDSELTSQETGLOGPVGEDHQLEMEDPEEMSPALVVSNSRSEFVISGGGSTVTE
NMLRS

(2) Five duplets within 26 amino acids

>sp|Q63803|GNAS1_RAT Guanine nucleotide-binding protein G(s) subunit
alpha isoforms XLas OS=Rattus norvegicus GN=Gnas PE=1 SV=3
MGMLNCLHGNNMSGQHDIPPEVGDQPEQEPLEAQGAAAPGAGVGPAEEMETEPSNNEPIP
DETDSEVCGPPEDSKSDIQSPSQAFEEVQVGGDYSPPPEEAMPFEIQQPSLGDFWPTLEQ
PGPSGTPSGIKAFNPAILEPGTPTGAHPGLGAYSPPPEEAMPFEFNEPAQEDRCOPPLOV
PDLAPGGPEAWVSRALPAEPGNLGFENTGFREDYSPPPEESVPFQLDGEEFGGDSPPPGL
PRVTPQIGIGGEFPTVAVPSTLCLAPAANAPPLWVQGAIGRPFREAVRSPNFAYDISPME
ITRPLLEIGRASTGVDDDTAVNMDSPPIASDGPPIEVSGAPVKSEHAKRPPLERQAAETG
NSPISSTTAEEAKVPSLERGEGSPTQPETVHIKPAPVAESGTDSSKADPDSATHAVLQIG
PEEVGGVPTMPTDLPPASEDAGPDVRAEPDGGTAPATPAESEDNREPAAAAAAEPAAEPA
AEPAAEPAAEPAAEPAAEAVPDTEAESASGAVPDTQEEPAAAAASATPAEPAARAAPVTP
TEPATRAVPSARAHPAAGAVPGASAMSAAARAAAARAAYAGPLVWGARSLSATPAARASL
PARAAAAARAASAARAVAAGRSASAAPSRAHLRPPSPEIQVADPPTPRPAPRPSAWPDKY
ERGRSCCRYEAASGICEIESSSDESEEGATGCEFQWLLRRNRRPGQPRSHTVGSNPVRNEF
ARAFGSCFGLSECTRSRSLSPGKAKDPMEERRKOMRKEAMEMREQKRADKKRSKLIDKOL
EEEKMDYMCTHRLLLLGAGESGKSTIVKQMRILHVNGENGEGGEEDPQAARSNSDGEKAT
KVODIKNNLKEATETIVAAMSNLVPPVELANPENQFRVDYILSVMNVPNEFDFPPEFYEHA
KALWEDEGVRACYERSNEYQLIDCAQYFLDKIDVIKQADYVPSDQDLPRCRVLTSGIFET
KFQVDKVNFHMEDVGGQRDERRKWIQCEFNDVTAIIFVVASSSYNMVIREDNQTNRLQEAL
NLEFKSIWNNRWLRTISVILFLNKQDLLAEKVLAGKSKIEDYFPEFARYTTPEDATPEPGE
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DPRVTRAKYFIRDEFLRISTASGDGRHYCYPHFTCAVDTENIRRVENDCRDIIQRMHLROQ
YELL

3) Five duplets within 50 amino acids

>sp|P08721|OSTP_RAT Osteopontin OS=Rattus norvegicus GN=Sppl
MRLAVVCECLFGLASCLPVKVAEFGSSEERKAHYSKHSDAVATWLKPDPSQKONLLAPQNS
VSSEETDDFKQETLPSNSNESHDHMDDDDDDDDDGDHAESEDSVNSDESDESHHSDESDE
SFTASTQADVLTPIAPTVDVPDGRGDSLAYGLRSKSRSFPVSDEQYPDATDEDLTSRMKS
QESDEAIKVIPVAQRLSVPSDQDSNGKTSHESSQLDEPSVETHSLEQSKEYKQRASHEST
EQSDAIDSAEKPDAIDSAERSDAIDSQASSKASLEHQSHEFHSHEDKLVLDPKSKEDDRY
LKFRISHELESSSSEVN

(4) Five duplets within 37 amino acids

S2 of S7

PE=1 SV=2

>tr|F1LP22 |F1LP22 RAT Plasma membrane calcium-transporting ATPase 2

OS=Rattus norvegicus GN=Atp2b2 PE=4 SV=2

MGDMTNSDFYSKNQRNESSHGGEFGCSMEELRSLMELRGTEAVVKIKETYGDTESICRRL
KTSPVEGLPGTAPDLEKRKQIFGONFIPPKKPKTFLOQLVWEALQDVTLITILETIAATIISLG
LSFYHPPGESNEGCATAQGGAEDEGEAEAGWIEGAAILLSVICVVLVTAFNDWSKEKQEFR
GLOSRIEQEQKFTVVRAGQVVQIPVAEIVVGDIAQIKYGDLLPADGLFIQGNDLKIDESS
LTGESDQVRKSVDKDPMLLSGTHVMEGSGRMVVTAVGVNSQTGIIFTLLGAGGEEEEKKD
KKGVKKGDGLQLPAADGAAPANAAGSANASLVNGKMQODGSADSSQSKAKQQODGAAAMEMOQ
PLKSAEGGDADDKKKANMHKKEKSVLOGKLTKLAVQIGKAGLVMSAITVIILVLYFTVDT
FVVNKKPWLTECTPVYVQYFVKEFFIIGVTIVLVVAVPEGLPLAVTISLAYSVKVREGKSRV
SPAQATHLSPQPPEKEGALPRQVGNKTECGLLGFVLDLRODYEPVRSOMPEEKLYKVYTF
NSVRKSMSTVIKMPDESFRMYSKGASEIVLKKCCKILSGAGEPRVFRPRDRDEMVKKVIE
PMACDGLRTICVAYRDFPSSPEPDWDNENDILNELTCICVVGIEDPVRPEVPEAIRKCQR
AGITVRMVTGDNINTARAIAIKCGIIHPGEDFLCLEGKEFNRRIRNEKGE IEQERIDKIW
PKLRVLARSSPTDKHTLVKGIIDSTHTEQRQVVAVTGDGTNDGPALKKADVGFAMGIAGT
DVARKEASDITILTDDNESSIVKAVMWGRNVYDSISKFLOQFQLTVNVVAVIVAFTGACITQD
SPLKAVOMLWVNLIMDTFASLALATEPPTETLLLRKPYGRNKPLISRTMMKNILGHAVYQ
LTLIFTLLEVGEKMFQIDSGRNAPLHSPPSEHYTIIEFNTEVMMOLENEINARKIHGERNV
FDGIFRNPIFCTIVLGTFAIQIVIVQFGGKPFSCSPLOLDOWMWCIFIGLGELVWGQVIA
TIPTSRLKFLKEAGRLTQKEEIPEEELNEDVEEIDHAERELRRGOQILWERGLNRIQTQIR
VVKAFRSSLYEGLEKPESRTSTHNFMAHPEFRIEDSQPHIPLIDDTDLEEDAALKQNSSP
PSSLNKNNSAIDSGINLTTDTSKSATSSSPGSPIHSLETSL

5) Five duplets within 40 amino acids, Five duplets within 50 amino acids

>tr|F1LRM7 |F1ILRM7_RAT Collagen alpha-1(II) chain OS=Rattus norvegicus

GN=Col2al PE=4 SV=1

MIRLGAPQSLVLLTLLIATVLQCQGODARKLGPKGQKGEPGDIKDIIGPKGPPGPQGPAG
EQGPRGDRGDKGERGAPGPRGRDGEPGTPGNPGPPGPPGPPGPPGLGGGNFAAQMAGGED
EKAGGAQMGVMQGPMGPMGPRGPPGPAGAPGPQGFQGNPGEPGEPGVSGPMGPRGPPGPA
GKPGDDGEAGKPGKAGERGLPGPQGARGFPGTPGLPGVKGHRGY PGLDGAKGEAGAPGVK
GESGSPGENGSPGPMGPRGLPGERGRTGPAGAAGARGNDGQPGPAGPPGPVGPAGGPGEP
GAPGAKGEAGPTGARGPEGAQGSRGEPGNPGSPGPAGASGNPGTDGIPGAKGSAGAPGIA
GAPGFPGPRGPPGPQGATGPLGPKGQTGEPGIAGFKGEQGPKGETGPAGPQGAPGPAGEE
GKRGARGEPGGAGPIGPPGERGAPGNRGFPGODGLAGPKGAPGERGPSGLAGPKGANGDP
GRPGEPGLPGARGLTGRPGDAGPQGKVGPSGAPGEDGRPGPPGPQGARGQPGVMGFPGPK
GANGEPGKAGEKGLAGAPGLRGLPGKDGETGAAGPPGPSGPAGERGEQGAPGPSGFQGLP
GPPGPPGEGGKQGDQGIPGEAGAPGLVGPRGERGFPGERGSPGAQGLQGPRGLPGTPGTD
GPKGAAGPDGPPGAQGPPGLQGMPGERGAAGIAGPKGDRGDVGEKGPEGAPGKDGGRGLT
GPIGPPGPAGANGEKGEVGPPGPSGSTGARGAPGERGETGPPGPAGFAGPPGADGQPGAK
GDQGEAGQKGDAGAPGPQGPSGAPGPQGPTGVTGPKGARGAQGPPGATGFPGAAGRVGPP
GSNGNPGPAGPPGPAGKDGPKGARGDTGAPGRAGDPGLOGPAGAPGEKGEPGDDGPSGSD
GPPGPQGLAGQRGIVGLPGORGERGEFPGLPGPSGEPGKQGAPGASGDRGPPGPVGPPGLT
GPAGEPGREGSPGADGPPGRDGAAGVKGDRGETGALGAPGAPGPPGSPGPAGPTGKQGDR
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GEAGAQGPMGPSGPAGARGIAGPQGPRGDKGEAGEPGERGLKGHRGEFTGLQGLPGPPGPS
GDQGTSGPAGPSGPRGPPGPVGPSGKDGSNGIPGPIGPPGPRGRSGETGPAGPPGNPGPP
GPPGPPGPGIDMSAFAGLGOREKGPDPLOYMRADEADSTLRQHDVEVDATLKSLNNQIES
IRSPDGSRKNPARTCODLKLCHPEWKSGDYWIDPNQGCTLDAMKVFCNMETGETCVYPNP
ATVPRKNWWSSKSKEKKHIWFGETMNGGFHEFSYGDGNLAPNTANVOMTFLRLLSTEGSQON
ITYHCKNSIAYLDEAAGNLKKALLIQGSNDVEMRAEGNSRETYTALKDGCTKHTGKWGKT
ITEYRSQKTSRLPIVDIAPMDIGGPDQEFGVDIGPVCEL

(6) Five duplets within 42 amino acids

S3 of S7

>tr|Q5U7A7|Q5U7A7_DANRE Exostosin-2 OS=Danio rerio GN=ext2 PE=2 SV=1

MCASGKYGSRGPALIPRMKTKHRIYYITLESVVLLGLIATGMFQFWPHSIESSAEWSLDR
RSVHDAPLVRISVNSPIPGRGDLSCRMHTCEDVYRCGYNPKNKIKVYIYPLOREVDEVGV
PISSTGLSREYNDLLSAISDSDFYTDDVSRACLEVPSIDVLNONSLRIRETAQALAMLPR
WDKGMNHLLEFNMLPGGPPDYNTALDVPRDRALLAGGGESTWTYRQGYDVSIPVYSPLSAE
VDLPEROQPGPRRYFILSSQTATHREYRVELERLKDENGEALLLLDKCSNLSQGLTSVRKR
CYKGQVYDYPQILQESSFCVVLRGARLGOATLSDVLQAGCVPVIMADSYILPEFSEVLDWK
RASVVIPEEKLPEMYTILKSIPHRQVEEMQRQARWEFWEAYFSSMKAIGMTTLQIINDRIY
PYAAHTYEEWNNPPVVKWSSVNSPLFLPLIPPRSPGFTAVVLTYDRIESLFRVITEISKV
PSLAKLLVVWNNONKSPPEESLWPKVAVPLKVVRTKENKLSNRFFPFDEIETEAVLAIDD
DIIMLTSDELQFGYEVWREFPDRLVGYPGRLHLWDHEMGKWKYESEWTNEVSMVLTGAAF
YHKYEFNYLYTYKMPGDIKNWVDAHMNCEDIAMNELVANITGKAPIKVTPRKKEFKCPECTA
IDGLSLDQTHMVERSECINKFASVFGTMPLKVVEHRADPVLYKDDFPEKLKSFPNIGSL

(7) Five duplets within 46 amino acids

>sp|Q4KTY1 |KPSH1 PINFU Serine/threonine-protein kinase H1 homolog

OS=Pinctada fucata GN=PSKH1 PE=2 SV=1
MGCMSSKLVPEGPSGNQAVVEVENNERNKEYNRONPHONRGPRDPTKDPKNAGPPPEGQR
SNRKVKKYRDKFDPRVTAKYDIKALIGRGNEFSKVVRVEHRVTKQPYAIKMIDRVQGKEVF
ESEVAVLRRVKHSYIIQLIEVFETKDKVYMVMELATGGELFDRITAKGSFTERDATRVLN
MVLDGVKYLHGLGITHRDLKPENLLYYHPGHDSKIMITDFGLSSTRKGPENFMRTTCGTP
EYIAPEITIARKPYMCQVDMWAVGVITYILLSGTMPFDDENKTRLYRLILKAKYSYAGEHW
KDVSAQAKDFIDKLLVVSPGDRLSAADALKHOWLISNAASSSNKNLHRTISONLIHRQST
RANSTKSAKSTRSTKSNKSNRSGRSLRSEHRRVMPDEIDELHRDPDVQADLASLG

8) Five duplets within 29 amino acids

>sp|097048 |MA165 PINFU N16.5 matrix protein OS=Pinctada fucata PE=1

sv=1
MTCTLRWTITALVLLGICHLARPAFRTKCGRYSYCWIPYDIERDRYDNGDKKCCFCRNAW
SPWQCKEDERYEWLRCGHKFYYMCCYTDDDNGNGNGNGNGFNYLKSLYGGYGNGNGEFWE
EYIDERYDK

) Five duplets within 34 amino acids

>tr|Q1IMW92 |Q1IMW92 PINFU Shematrin-5 OS=Pinctada fucata PE=2 SV=1

MKFVTELVLLGLLCNICWCQIQRRRITWDGDCGDDDRDGYDDCSQONIGEDADRDGRDDYT
GNCGRDVDGDGRDDCGGECADEFDRDGSDDCEDDMDDAQGAYISPYLYRRRFGLGREFGLGR
FGLGRFGLGNPFMONRQFGYGPIGGMNFRLGGLGYPYGRLGLGYGNLLSRYGGYGNILGG
YGNLRGLGGYGNLLGGYGSLRGYGNVGGYRGLGGYGNLYGGLGGYGNYGGYGHLGGYGYL
GGYRNLGGYGNYGLRPHGDNYGRYGVGSYLRRSRRKKY

(10) Five duplets within 30 amino acids

>tr|Ql1KZ60|Q1KZ60 PINMG Calconectin OS=Pinctada margaritifera PE=4

sv=1
MDKIRSSPVSKKRDTERAAPVGAPADDKGKCOMS FSDKDNDKKI,SEDEMTSTLNDTQKDK
KMFAKYDEDGNGFVDASEFSFKVAME TRKCQK
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1) Five duplets within 32 amino acids

>tr|Q7YW43|Q7YW43 TETTH C-terminal motor kinesin-like protein
(Fragment) OS=Tetrahymena thermophila GN=Kin8 PE=3 SV=1
FGFIFLOKRKKTEVLLEFQIQIQFSNKQELRNKGETIEQLONEIKDITKKKDEEVKELKDT
VDILTNKLDEETKERKILHNIVEDMKGKIRVFCRVRPPNENEVOMNSQNVVEVLDAMNCK
LOAKNGPKKFQFDSCSRQDDIEFNDAKKLIQSAVDGYNVCIFAYGQTGSGKSEFTMQGTREM
PGITPRSVNELFNLLKPIQKTCKVTISAYIMELYMDNLIDLLAPPNSIMOKKLEIKEDYT
TNTTYVONATKEELEQITQKGILNRKISKTDMNVESSRSHLIITILINIFNPQTETTTHG
KISLIDLAGSERILKSGANPHQVKEANSINKSLTALGDVISALTNQQONGGERHIPYRNN
KLTYLMKDSLGGNAKTLMIVNVSPSEYNLEETNSSLQYASRVKTIVNETSKNIETKDYTR
LKEK

Supplementary Material S2:

Effect of ethanolic tetraethoxysilane (TEOS) solution on TMV-derived “disks”

If TMV-based “disks” were subjected to an ethanol-containing tetraethoxysilane (TEOS)
solution to serve as educt for mineralization, as performed in previous experiments with full-length
TMV [1], they completely disintegrated. This was confirmed by TEM analysis (Figure S1).

“Disk’-KD10 “Disk™-PEG : “Disk”j_l_ys :

Figure S1. Remainder of TMV-derived nucleoprotein “disks” (as shown in Figure 4 g) after
incubation in 10% TEOS in 40% ethanol for nine days at 25 °C, and corresponding control lacking
“disks”. Supplementation of the TEOS solution with differently modified “disks” has led to
unspecific silica precipitation detectable in all reactions (“Disk”-KD10: “disks” equipped with
peptide (KD)1oC via heterobifunctional crosslinker SM(PEG)s; “Disk”-PEG: “disks” functionalized
with SM(PEG): only; and “Disk”-Lys: plain “disks” exposing amino groups accessible for chemical
coupling). Different from “disks” incubated in water or silicic acid (Figure 4), no disk-like structures
are visible anymore, indicating that they underwent denaturation under these conditions. The water
control (H20) without disks shows lower amounts of precipitates. TEM analysis of unstained
products.

Materials and methods used for silica deposition on TMV-coupled peptides
Fabrication of RNA-stabilized TMV “disks”

TMV CP disks or proto-helices were stabilized with short RNAs of 204 nucleotides (nt) length
containing the TMV OAs (referred to as 204* nt RNA). The 204* nt RNA was synthesized by in vitro
transcription by means of a MEGAscript® T7 High Yield Transcription Kit (Ambion, Austin, TX,
USA). A short TMV ¢DNA fragment, containing the sequence of the TMV core Origin of Assembly
(OAs position 5350-5531) [2] fused to the T7 RNA polymerase promoter sequence [3,4], of pGEM®-
T Easy (Promega, Mannheim, Germany; construct I described in [5]) was amplified by PCR and
applied as in vitro transcription template (Table S1). In a 20 uL volume, 100 pg DNA-template was
incubated for 6 h at 37 °C during the in vitro transcription reaction. The DNA-template was
degraded by DNasel treatment for 15 min at 37 °C. The synthesized RNA was precipitated by the
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addition of lithium chloride (final concentration (f. c.) 1.3 M), EDTA (f. c¢. 8.6 mM) and ethanol (f. c.
71% (v/v) over night at —20 °C. After centrifugation according to the supplier's information, the
pellet was washed with 1 mL 70% (v/v) ethanol and dissolved in DMDC-(dimethyl dicarbonate)-
treated deionized water (ddH:0; 18.3 MQ cm; purified by a membraPure system, Aquintus,
Bodenheim, Germany) to a final concentration of 3 pg/uL and stored at —=80 °C. RNA-free TMV CP
was prepared by acidic degradation of whole TMV particles [6]. For “disk” assembly, a genetically
engineered TMV mutant, TMVLys, was used [7]. A 10 mg/mL TMVLwys solution was mixed in a 1:3
ratio (v/v) with glacial acetic acid and incubated for 20 min on ice. Released RNA was removed by
centrifugation for 20 min at 20,000x g and 4 °C. The CP-containing supernatant was dialyzed
against ddH20O in a dialysis tube (Spectra/Por®7 Dialysis Membrane, 8 kDa molecular weight cut-off
[MWCO], Spectrum Laboratories, Rancho Dominquez, USA) with water changes every 8 h at 4 °C.
As soon as the proteins started to flocculate (after 24 to 48 h), the dialysate was centrifuged as above.
The resulting CP pellet was dissolved in 75 mM sodium potassium phosphate buffer (SPP) pH 7.2
and centrifuged for 10 min at 10,000x g to remove aggregated CPiys. The supernatant was
transferred to a new reaction tube. The CP concentration was determined by a NanoDrop ND-1000
spectrophotometer (PeqLab, Erlangen, Germany) at a wavelength of 280 nm, using the extinction
coefficient of TMV CP [1.3 mL-mg-cm™; 8], adjusted to 10 mg/mL and incubated for at least 48 h at
room temperature to allow disk formation according to Butler [9]. For a typical assembly reaction,
66 ug RNA were incubated with 1000 pg CPrys with an £. c. of 0.9 ug/uL RNA and 6.8 mg/mL CPrys
in 75 mM SPP (pH 7.2) for 16 h at 30 °C. The ring-shaped nucleoprotein assemblies of the 204+ nt
RNA and about 68 CP subunits were stored in 75 mM SPP (pH 7.2) at 10 °C without any further
purification and will be described in more detail elsewhere[10].

Table S1. DNA templates for in vitro transcription of RNAs with (+) and without (-) the TMV origin
of assembly (OAs). White marked letters indicate the major loop of the OAs, capital letters DNA
sequence of viral genome OAs, small letters sequence of pPGEM®-T Easy origin [10].

RNA Length [nt] DNA-Sequence

gggcgaattgggcccgacgtcGCGGGTTTCTGTCCGCTTTCTCTGGAGTTTIGTG
TCGGTGTGTATTGTTTATAGAAATAATATAAAATTAGGTTTGAGAG
204+ AGAAGATTACAAACGTGAGAGACGGAGGGCCCATGGAACTTACAG
TTGATGAGTTCATGGAAGATGTCCCTATGTCGATCAG

GCTTGCAAAGTTa

Functionalization of “disks” with mineralization-inducing peptides

RNA-stabilized “disks” were functionalized via the amino groups of the genetically modified
CPLys subunits, which are exposed at the outer “disk” rim, with heterobifunctional crosslinker
molecules. In a volume of 120 pL, RNA-stabilized “disks” (f. c. 5.1 mg/mL with regard to CPvys
amount) in SPP (f. c. 75 mM, pH 7.2) were incubated with the bifunctional linker SM(PEG)u (f. c. 1.2
mM, succinimidyl-[(N-maleimidopropionamido)-tetraethyleneglycol] ester; Thermo Scientific,
Karlsruhe, Germany) stored in dimethyl sulfoxide (f. c. in the reaction 0.001%) at 20 °C) for 2 h
under agitation (horizontal shaking at 500 rpm) at 30 °C. Excess crosslinker was removed by gel
filtration using PD SpinTrap G-25 columns (GE Healthcare, Freiburg, Germany) which were
equilibrated with 75 mM SPP at pH 7.2. This step was repeated twice. Subsequently, the purified
crosslinker-functionalized “disks” (f. c. of 3.4 mg/mL), providing maleimide groups for chemical
conjugation, were incubated in a total volume of 105 uL with 0.3 mg/mL (f. c.) (KD)10C (dissolved in
dimethylformamide, f. c. in coupling reaction 0.05%) in SPP (f. c. 75 mM, pH 7.2) to couple the
peptides via their thiol group at the C-terminal cysteine residue. The total volume of peptide-
functionalized “disks” was purified by gel filtration as above. Immediately before mineralization,
75 mM SPP buffer (pH 7.2), containing functionalized or unmodified “disks” (in a volume of 105 pL
with a f. c. of 2 mg/mL relating to the CPLys amount), was exchanged by gel filtration as above,
however, using PD SpinTrap G-25 columns equilibrated with ddH20.
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Characterization of functionalized “disks”

The ratio of chemically modified to unmodified CPLys subunits per “disk” was determined by
denaturing SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel electrophoresis) according to
Laemmli et al. [11]. An amount of 3 ug “disks” was heated for 5 min at 95 °C in sample buffer (f. c.:
50 mM Tris-HCI (tris-(hydroxymethyl)-aminomethane hydrochloric acid) pH 6.8, 2% (w/v) SDS, 0.1%
(w/v) bromophenol blue, 10% glycerol, 100 mM dithiothreitol) and separated on a 15%
polyacrylamide gel. Proteins were fixed in the gels (10% acetic acid, 40% ethanol) for 15 min and
stained with Coomassie Brilliant Blue R250 (Serva Electrophoresis, Heidelberg, Germany). The
electrophoretic mobility of whole “disks” after chemical modification was compared to non-
modified “disks” by native gel electrophoresis. Twelve-milligram “disks” were combined with
sample buffer (f. c.: 10 mM SPP pH 7.2, 0.1% (w/v) bromophenol blue, 10% glycerol) and separated
on a 2.7% agarose gel (Biozym Sieve 3:1 Agarose, Biozym, Hessisch Oldendorf, Germany) in 1 x
TBE (89 mM Tris base, 89 mM boric acid, 2 mM EDTA). Proteins in the agarose gel were fixed and
stained just as in the SDS-PAGE gels.

The structural integrity of the functionalized and unmodified “disks” stored in ddH:0 for
three days at 10 °C was determined by TEM analysis. A volume of 15 pL “disk” solution was
dropped on Parafilm M® (American National Can, Menasha, WI, USA) with a concentration of 0.05
mg/mL CPrys. A carbon/Formvar®-covered 400-mesh copper grid (Science Service, Munich,
Germany) was placed onto the droplet for 5 min. Excess solution was removed from the grids with
filter paper, which were washed with three droplets of ddH20. Samples on the grid were stained
with 15 uL 2% (w/v) uranyl acetate for 3 min. After removing residual uranyl acetate with a filter
paper, the grids were air-dried and analyzed with a Tecnai G2 Sphera electron microscope (FEI,
Hillsboro, OR, USA) at 120 kV using a 16-megapixel camera TemCam F416 (TVIPS, Gauting,
Germany).

Mineralization of functionalized “disks”

Chemically modified or plain “disks” were treated with TMOS using protocols established in
this study on the basis of different references [12-14]. For silicification with the starting compound
TMOQOS, a silicic acid precursor solution was prepared (modified from [12-14]) by hydrolyzing 15 uL
TMOS in 85 pL 1 mM HCl for 5 min at room temperature to obtain a 1 M silicic acid solution (final
concentration of 0.85 mM HCI). The functionalized or unmodified “disks” (f. c. 1.3 mg/mL) in
ddH:20 were mixed with silicification solution to a f. c. of 20 mM hydrolyzed TMOS and 0.017 mM
HCI with an ionic strength of 8.5 x 10~ M and incubated for 30 min under agitation at 23 °C. Excess
silicic acid was removed by dialysis against three times 500 mL ddH20 at 4 °C with ddH:20 changes
every 1 h, using Slide-A-Lyzer™ MINI Dialysis Devices (10K MWCO, Thermo Fischer Scientific,
Darmstadt, Germany). Silica accumulation on the “disks” was analyzed by TEM as above, without
uranyl acetate staining.
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