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Supplementary M aterials and Methods

Phylogenetic analysis of class || photolyases

Protein sequences of the whole photolyase-cryptocar family were derived from the
UniProtkKB database (UniProtConsortium, 2009) andnald using ClustalW2 (Larkin et al,
2007). A phylogenetic tree was constructed fromtiplel alignment output data using PHYLIP
tree type with Kimura correction of distances, goaring of gaps in alignment and clustering set
to neighbor joining (Saitou & Nei, 1987). Visualiwa of the unrooted tree was done with
MEGA4 software (Tamura et al, 2007). Sequence itlesitwere taken from ClustalW2 output.
The analysis of the class Il subfamily utilizeded ef 98 non-redundant sequences harbored by
the class Il specific INTERPRO profile 008148 (Hemet al, 2009), subjected them to a multiple
sequence alignment by KALIGN (Lassmann & Sonnhamm@05), removal of gaps and final

phylogenetic analysis with ClustalW2.

Generation and preparation of MmCPDII mutants

Photolyase mutants MmCPDII-W388F, MmCPDII-W360F MmCPDII-W381F,
MmCPDII-Y380F andMmCPDII-Y345F as well adMmCPDII-N403D, MmCPDII-N403L and
MmCPDII-N403A were obtained from pET-284mCPDII by site-directed mutagenesis using
Phusioff DNA polymerase (Finnzymes) and primer pairs asedisin Suppl. Table SIL.
Subsequently, resulting plasmids were verified bguencing (Qiagen). Gene expression of
photolyase mutants was performed analogously tdtyye, but soluble protein was produced at

different temperatures (for details see Suppl. @&il). All mutants could be purified by Ni-



NTA affinity and size exclusion chromatography aduog to the procedures described above.
The W381F mutant was especially prone to aggregatn had to be characterized shortly after

purification.

UV/Vis spectra, photoreduction and CPD repair activity of MmCPDI |

Absorption spectra were recorded using a DH-200Q-Bght source (Mikropack) and
Maya 2000 Pro spectrometer (Ocean Optics) and &0/spectrometer (JASCO), respectively.
For photoreduction, the protein solved in buffér(d0 mM Tris-HCI, 100 mM NaCl, pH 8.0,
25 mM DTT) was incubated for 5 min in the dark dhd first spectrum at t = 0 min was taken
afterwards. Subsequently, the sample was contimyditsminated with a high power LED at
450 nm (9.7 mW crfi at 10 cm, Roithner Lasertechnik) and spectra wazerded as mentioned
in the illustrations. To determine half-times ofgpblyase wildtype and mutants, absorbance at
450 nm during photoreduction was recorded in irdlsnof one second for three times per
sample. Subsequently, the data was fitted by a &Grder exponential decay. A modified
DNA-repair assay (Jorns et al, 1985) was perform@ti the M. mazei photolyase and the
CPD-lesion containing oligo(dfgin buffer Il containing 4.6 uM protein and 5 pMPO-lesion
(final concentrations). After 5 min of dark incuioat, the assay was illuminated with a high
power LED (Roithner Lasertechnik) at 395 nm (0.9 oW at 10 cm) and repair activity was

observed at 265 nm.

Electrophor etic mobility shift assay (EM SA) of MmMCPDI «CPD-DNA complexes
Manipulations with IRDye700-labeled DNA probe alowere performed under green light to
prevent degradation of the fluorophore whereasti@sc containing also the protein were

handled under red light to prevent any repair eveynthesis of the 50mer oligonucleotide with a



single CPD-lesion,
5'-IRDye700-AAAATGCTGGATGTCGAGGTGTAAT<>TAATGTGGAGCGTAGGTCGTA
AAA-3', was done according to the published procedokorny et al, 2008). For EMSA, the
CPD-comprising oligonucleotide was annealed with e thcomplementary strand,
S-TTTTACGACCTACAGCTCCACATTAATTACACCTCGACATCCAGCATTT-3.". The
binding reaction was carried out on ice in buffér(lO mM Tris-HCI, 100 mM NacCl, pH 8.0,
10% glycerol) for 30 min in the dark. The assaythva total volume of 10 pl contained 2 nM
duplex DNA and increasing photolyase concentrat{on$, 10, 50, 100, 200, 300, 400, 500, 600,
800 and 1000 nM, respectively). Binding reactioneravanalyzed by a native PAGE (5%
polyacrylamide) in TBE buffer (25 mM Tris, 25 mM thwo acid, 0.625 mM EDTA, pH 8.4)
at4 °C and resulted bands were quantified by trays€ey Imaging System (LI-COR

Biosciences). Binding assays were repeated threestiand data were fit with Origin 7.0

[DNA]"

, or a mixed one with
Kp.ns F[DNA]"

(Microcal) using the simple Hill-equation (Hill, 19), =

[DNA] . [DNA"
Kps +[DNA]  Kg s +[DNA]"

specific  binding, 6?:0.50( J to determine dissociation

constants.



Supplementary Figures
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Figure S1. M.mazel classll photolyase complexed to CPD-DNA. Electron density
(SIGMAA-weighted Fqps-Fcac) is contoured at &. (A) The 14mer duplex DNA comprising the
chemically synthesized CPD-lesion is bound to thwlgtic domain of the photolyase. The
thymine dimer (T7<>T8) is flipped into the bindipgcket and is located close to the adenine
moiety of the catalytic cofactor FAD. Colouring oesponds to the overall structure of the
uncomplexed photolyase. (B) Complexation MMCPDII and CPD-DNA goes along with a
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guasi-continuously arrangement of the dsDNA in dsgmmetric unit. (C) Duplex CPD-DNA
taken from crystal structures oMmCPDII«CPD-DNA and AnCPDIsCPD-DNA were
superimposed onto the CPD-lesions and elongatdteat5 - and 3 -arms with modeled duplex
B-DNA afterwards. The overall bend of duplex B-DNWith an internal CPD lesion bound to
MmCPDII (green) differs fromAnCPDI. The CPD-DNA is kinked from about 27°-30° imet
unbound state (Husain et al, 1988; Park et al, 2B8ariman et al, 1985) to about 50° by flipping
the thymine dimer into the active site (Mees et28l04). CPD-DNA bound to thM. mazei
class Il photolyase is additionally dislocated B/ 4elative to theA. nidulans complex. (D) In
contrast to other photolyase subclas8&siCPDII lacks a C-terminal helical extension, whereas
the Western rim is built by the loop between hdieg7 andal8. (E) Structural comparison of
MmCPDII (pale green) to théAmCPDII«CPD-DNA complex (green) shows conformational
changes of the “bolt-like” amino acids D428, R428131 and R441.
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Figure S2. MmCPDI|I crystals and in crystallo UV/Vis spectroscopy. (A and B) Crystals of
M. mazei class Il photolyase and (C and D) in complex witRDEDNA. Images of crystals



mounted in cryo-loops were taken at ESRF (Grendbiance) prior to data collection. Crystals
of MMCPDII*CPD-DNA were documented and mounted in a-4opp under red-light to avoid
light-induced repair. (EMmMCPDII*CPD-DNA crystals were cryosoaked in crystation buffer
supplemented with 30% glycerol and 10 mM DTT araglitfrozen in liquid nitrogen. The first
spectrum (black) was recorded before any illumoratand exhibits characteristic absorption
peaks forMmCPDII in the oxidized state. Illlumination at 450 nmder cryogenic conditions
(blue) shows no effect. Photoreduction via illuntioa at 450 nm (green, orange and red) was
only achieved, when the crystal was illuminatedr@m temperature. (F) X-ray radiation
(flux: ~5.0+13° photons/s) for 300 seconds dMimCPDII*CPD-DNA crystals flash-frozen
without supplemented DTT causes a loss of absoebbetween 400 nm and 500 nm indicating a
reduction of the catalytic cofactor FAD. Al crystallo UV/Vis spectra were recorded at 100 K
using a DH-2000-BAL light source (Mikropack) andH&2000 spectrometer (Ocean Optics) at
beamline ID14-1 (ESRF, Grenoble, France). Speciesevemoothed three times by adjacent

averaging of three data points.

CcCDC
2XRZ 100804 3MR4 3MR3 1TEZ, 2VTB

Figure S3. Angular analysis of CPD-lesions. Given angles between the 5- and 3"-thymidine
base planes were calculated using two normal &trdiges (2XRZ: MMCPDII*CPD-DNA;
CCDC100804: Synthetic CPD-lesion; 3MR3, 3MR4: Huni2lNA polymerasen*CPD-DNA,;
1TEZ: AnCPDIsCPD-DNA; 2VTB:AtDASHCPD-DNA).



MmCPDII 217 LLKNKDPLFE PWHF--EPGE KAAKKVMESF IAD--RLDSY GAL@DPTK— ---NMLSNLS PYLHFGQISS QRVVLEVEKA GSKKAFLI 301

EcCPDI 186 =ITLNYPRQS FDTAHFPVEE KAAIAQLRQF CQN--GAGEY EQQRDFPAV- ---EGTSRLS ASLATGGLSP RQCLHRLLAE GAGSVWLI 274

AnCPDI 200 GF--PVEPGE TAAIARLQEF CDR--AIADY DPQRNFPAE- ---AGTSGLS PALKFGAIGI RQAWQAASAR NSIRVWOX 283

TtCPDI 172 --LPLPEPGE EAALAGLRAF LEA--KLPRY AEERDRLD-- --GEGGSRLS PYFALGVLSP RLAAWEAERR EGARKWV; 244

AtDASH 243 GMRF--VGGE SAGVGRVFEY FWKKDLLKVY KETRNGMLG- --PDYSTKFS PWLAFGCISP RFIYEEVQRY NSTYWVL! 325

Dm(6-4) 215 PNKF--PGGE TEALRRMEES LKDEIWVARF E--KPNTAPN SLEPSTTVLS PYLKFGCLSA RLFNQKLKEI IKR---QPKHS QPPVSLI 299

MmCPDII 302 ILIWKEISDN FCYYNPGYD- -GFESFPSW AKESLNAHRN DVRSHI.I‘LE EFEAGKTHDP L'\IASQMELL STGKMI TR }'.AKKIL—E EESFEKALE 397

EcCPDI 275 LI-WREFYRH LITYHPSLC- -KHRPFIAWT SNPAHLQ AWQEGKTGYP IVDAAMRQLN STGWMI LR MITASFLV-K DL- LI 360

AnCPDI 284 LA-WREFYQH ALYHFPSLA- -DGPYRSLWQ NREALFT AWTQAQTGYP IVDAAMRQLT ETGWMI CR MIVASFLT-K 368

TtCPDI 245 LL-WRDFSYH LLYHFPWMA- ---ERPLDPR EDEALFQ AWYEGKTGVP LVDAAMRELH ATGFL: R MNAAQFAVKH 329

AtDASH 326 LI-WRDYFRF LSIKCGNSL- -FHLGGPRNV QDQKLFE SWRDAKTGYP LIDANMKELS TTGFM: GR QIVCSFLV-R 410

Dm(6-4) 300 LM-WREFYYT VAAAEPNFDR MLGNVYCMQI EHPDHLE AWTHGRTGYP FIDAIMRQLR QEGWI AR HAVACFLTRG 385

MmCPDII 398 IAICL@RYE LDGRDPI ‘A GIAWSIGGVH DRAWGEREVT GKIRYM--SY EGCKRKFDV- KLYIEKYS-- 462

EcCPDI 361 EGERYFMSQL IDGDL G WAASTGT -YFRIF--NP TTQGEKFDHE GEFIRQWLPE LRDVPGKVVH EPWKWAQKAG VTLDYPQPIV EHKEARVQTL AAYEAARK-- ---------- 469

AnCPDI 369 RGEQFFMQHL VDGDL. G WSASSGM KPLRIF--NP ASQAKKFDAT ATYIKRWLPE LRHVHPKDLI SGEITPIERR GYPAPIVNHN LRQKQFKALY NQLKAAI--- ---------- 475

TtCPDI 330 RCEEAFRHLL LDGDRA! Q WAGGLGV VLQGERHDPE GRWLKRWAPE YPSYAPKDPV VDLEEARRRY LRLARD 416

AtDASH 411 MGAEWFETCL LDYDPC: G YGAGVG- PKQAQNYDPE GEYVAFWLQQ LRRLPKEKRH WPGRLMYMDT VVPLKHGNG- 499

Dm(6-4) 386 EGQRVFEQLL LDQDWA] G WLSASAF - QYFR-VYSPV AFG-KKTDPQ GHYIRKYVPE LSKYPAGCIY EPWKASLVDQ RAYGCVLGTD YPHRIVKHEV VHKENIKRMG AAYKVNREVR 505
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MmCPDII 244 FIADRLDSYG ALEMIDPTK-- --NMLSNLSP YLHFGQISSQ R----- VVLE VEK--AES-- -NPGSKKAFL ILIWKEIS DNFCYYNPGY DGFES--FPS WAKESLNAHR 337

MaCPDII 242 FLAARLDSYN TLESIDPTK-- - YLHFGQISAQ -DPESKKAFL ILVWKEIA DNFCYYNPGY DSFES--FPD WAKKSLNAHR 335

MBCPDII 242 FLTNKLDSYS SLESIDPTK-- - YLHFGQISAQ -DLESKRVFL LVRKELA DNFCYYNPFY DSFDG--FPD WAKKTLNSHR 335

MtCPDII 227 FLREKLECFE RYEMIDPVK-- --NCLSNMSP YLHFGQISPL -EAGECPEFL IVRRELS MNFVHYSDSY SSISC--LPE WAQRTLMDHV 316

AtCPDII 248 FLTKRLKNYS TDESMINPIKP- --KALSGLSP YLHFGQVSAQ -SPQAVDTFL IVRRELS DNFCYYQPHY DSLKG--AWE WARKSLMDHA 343

OsCPDII 260 FLTKRIKSYE TDEMIDPTKP- --RALSGLSP YLHFGHISAQ CRHL- -SPKSVDAFL VVRRELA DNFCYYQPQY DSLSG--AWE WARKTLMDHA 355

DsCPDII 300 LTTPRIAQYH VKEMIDPSCT- --TGLSNLSP YLHFGQLSAQ LRSR- -HREAVDRYL IVRRELA DNFCEHCPDY DKLVPGTAYD WALKSLEKHK 397

DmCPDII 329 FCSRRLRHFN DKEMIDPTA-- --DALSGLSP WLHFGHISAQ R----- CALE VQR--FRGQ- -HKASADAFC IVRRELA DNFCFYNEHY DSLKG--LSS WAYQTLDAHR 423

XICPDII 332 FISERLKHFN WFHFGQLSVQ YRSK- -FKESVDSFV VVRRELA DNFCFYNKNY DKIEG--AYD WAKNTLKDHA 426

PtCPDII 310 FIAERLPYFG WFHFGQVSVQ HRSR- -YPDSVTNFV VVRRELA DNFCFYNKNY DKLEG--AYD WAQTTLRLHA 404

CaCPDII 321 FIDQRLRLFA WIHTGQLSAQ R-----— VKR--EKN-- -ASESVASFI VVRRELA DNFCFYNPSY DNISG--AYD WAKKTLQDHA 414

FvCPDII 245 FIKNRLPSYD WLHFGHVSAQ - VLK--CIRE- -SKKNVETFI IIVRRELS DNFCYYNKHY DSIQS--THS WARKTLEDHI 339

HoCPDII 237 FLHNKIKDYH YLHFGQVSPL - GNNYCKKHE- -IDKGFKEFF VIRRELS FNFVYYNPDY DSIKS--LPD WAKKTLKEHE 333

DACPDII 237 FIRVRMHRYA YLHFGMLSAQ RAVLEVMQAQ GTA--AGGT- -YGEGAAAFV VVRRELA DNFCWYEPSY DSVEA--FPD WALKTLDRHR 336

CfCPDII 227 FLEKRLSSYA ELEMIDPNS-- --GVLSNLSP YLHFGQISAQ Y----- IALR VSE--SRM-- -PDESRSAFL IVRRELS DNYCFYNDRY DSFDG--SPT WAKESLMNHR 320

GsCPDII 230 FLEDGLAGYA TREEINPAV-- --MGQSGLSP WLHFGQLSAQ R------ VAQ AAF--AAAA- -PIESRDAFL IVRRELA DNFCYYNDAY DRFDG--FPE WAQRTLNRHR 323
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MmCPDII 338 EEFEAGKTHD P ASQMEL RI KKILE ESPEKALE LDGRDP A GIAWSIGGVH DRAWGEREVT GKIRYMSYEG 447

MaCPDII 336 EEFEAGKTHD P ASQIEL RI KKILE ESPEKALE LDGRDP A GIAWSIGGLH DRAWREREVT GKIRYMSYEG 445

MBCPDII 336 EELETGRTYD P ASQIEL R KKILE ESPEKALE LDGRDP A GIAWSIGGVH DRAWQEREIF GKIRYMSYEG 445

MtCPDII 317 RELESASTHD PYMNAAQQEM RI GKKILE DHPARAYD IDGRDP [FA GVAWCFG-KH DRAWAEREIF GKVRYMNDRG 425

AtCPDII 344 EQLEKGLTAD P ASQLEM RI KKILE KGPEEALS IDGRDPS| V GCMWSICGVH DQGWKERPVF GKIRYMNYAG 453

OsCPDII 356 EQLENAKTHD P ASQLEM R KKILE SGPEEALS IDGRDPS| V GCMWSICGLH DQGWKERPVF GKIRYMNYAG 465

DsCPDII 398 QQLESGHTGD D: AGQMEL R KKILE ISGTPEEAVE LDGRDPS; T GVMWSVAGVH DRAWIDRPIY GKIRVMTYDG 507

DmCPDII 424 EELEKSLTYD D SAQLQL RI KKILE ATPEHALE LDGRDP V GCMWSIGGVH DMGWKERAIF GKVRYMNYQG 533

XICPDII 427 EKLEAGKTHD P AAQLQOM RI KKILE SSPEEALH LDGRDP V GCMWSICGIH DQGWAERAVF GKIRYMNYQG 536

PtCPDII 405 EQLESGKTHD P ARQMQT R KKILE RSPEEALE LDGWDP V GCMWSICGIH DQGWAEREIF GKIRYMNYAG 514

CaCPDII 415 EQLENAKTHD Q ARQRQL R KKILE ASPEEALS LDGCDP V GCMWSICGIH DQGWAERPIF GKIRFMNYAG 524

FvCPDII 340 KQLEKAETHD P ASQMQOM RI KKILE RTPEDALS LDGTDP V GCMWSICGLH DRAWKERPIF GKIRYMNYES 449

HoCPDII 334 QELEDAKTHD PYMNAAQKEL RI KKILE SSPDLAYK LDGRDP [FA GVAWCFG-KH DRPWPGCNIF GKVRYMSSGG 442

DACPDII 337 QQLEKARTHD P ARQQEM R KKILE ESPEEALR LDGRDS A GAAWSVGGVH DRPWREREVF GTIRFMSYNG 446

CfCPDII 321 DEFATAKTHD R: AARQLEL RI KKILE ISESAEQAFE LDGRDP A GVAWSIGGVH DRPWFERPVY GKIRYMNASG 430

GsCPDII 324 DVLEQGQTHD S AAQLEM RI KKLLE SSPEDALM LDGRDP A GIAWSIGGVH DRPWAERPVF GTIRFMSRDG 433
-l

MmCPDII 448 CKRKFDVKLY IEKYSAL---

MaCPDII 446 CKRKFNVKLY IAKYSAL---

MbCPDII 446 SKRKFDVKSY IDKYSAL---

MtCPDII 426 LKRKFRIDEY VDRIRGLMDE - - - ——

AtCPDII 454 CKRKFNVDSY ISYVKSLVSV TKKKRKAEEQ LTRDSVDPKI

OsCPDII 466 CKRKFDVDAY ISYVKRLAGQ SKK-RNAEES PNPVVKLSKS

DsCPDII 508 CKGKFDVPAY VAYVESLGRA - -

DmCPDII 534 CRRKFDVNAF VMRYGGKVHK

XICPDII 537 CKRKFDVAQF ERRYHPKKFS

PtCPDII 515 CKRKFDVAEF ERKISPAD--

CaCPDII 525 CKRKFDVAQF ERKYTAVKEN

FvCPDII 450 SKKKFDVAVF IQKYN-----

HoCPDII 443 LKRKFKIDLY LKRIHNLEEA

DACPDII 447 ARSKFDVDGY VAAVAALENH

CfCPDII 431 CARKFDVARY IARFEEKKSM

GsCPDII 434 CRRKFDTDAY ERRVIISP--

Figure $4. Multiple sequence alignments of the catalytic subdomain of photolyases. (A)
Structure-based sequence alignmentMshCPDII with the class | photolyases froE coli
(1DNP), A. nidulans (1TEZ), T. thermophilus (1IQR), the DASH-like cryptochrome 3 from



thaliana (2VTB) and the 6-4 photolyase frobn melanogaster (3CVV). (B) Multiple sequence
alignment for class Il photolyases using Clustalf@rkin et al, 2007). Numbering refers to the
corresponding UniProtKB entries. Secondary strigctaotifs for theM. mazei photolyase were
assigned by STRIDE (Heinig & Frishman, 2004). Covsé elements are highlighted in green
for class Il photolyases and in orange for othdsckasses: (1) Tryptophans (red) of the dyad
(MmCPDII) and triad (other photolyases), (2) surfagpesed residues involved in electron
transfer pathway (purple), (3) stabilizing aspanagof the neutral radical state of the catalytic
cofactor (white) and class Il conserved glycineofn), (4) glutamate at 5 -thymidine and
asparagine at 3’-thymidine (blue), (5) alternatagparagine at 3"-thymidiné(CPDII N257,
yellow) and stabilizing arginineMmCPDII R256, yellow). The missing C-terminal extemsfor
class Il photolyases is highlighted in pale bludbreviations used for class Il photolyases:
Methanosarcina mazei (MmCPDII), Methanosarcina acetivorans (MaCPDII), Methanosarcina
barkeri (MbCPDII), Methanobacterium thermoautotrophicum (MtCPDII), Arabidopsis thaliana
(AtCPDII), Oryza sativa (OsCPDII), Dunaliella salina (DsCPDII), Drosophila melanogaster
(DmCPDII), Xenopus laevis (XICPDII), Potorous tridactylus (PtCPDII), Carassius auratus
(CaCPDIl), Fowlpox virus (FvCPDII), Halothermothrix orenii (HoCPDII), Desulfovibrio
desulfuricans (DdCPDII), Chlorobium ferrooxidans (CfCPDII), Geobacter sulfurreducens
(GsCPDII).
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Supplementary Tables

Suppl. Tablel. Preliminary crystallographic statistics of M. barkeri class|| photolyase.

data collection & processing MbCPDI |

ID14-2
X-ray source ESRF, Grenoble, France
detector ADSC Q4
wavelength (A) 0.9330
space group P3;

cell dimensionsg,b,c A)
resolution (A)

total reflections
multiplicity

unique reflections
Rmerge(%)
completeness (%)
I/o(l)

mosaicity (°)

Wilson B-factor (&)

refinement statistics
resolution (A)

Rfactor, Rfree (%)

reflections (working, test set)
completeness for range (%)
r.m.s.d. from ideal:

bond lenghts (A)

bond angles (°)

total number of atoms
meanB value (&)

119.41, 119.41, 100.26
51.71-2.30 (2.42-2.30)

205222
2.9 (2.9)
71031
7.0 (48.9)
99.9 (100.0)
11.0 (2.3)
0.23
415

51.30-2.30
18.7, 23.2
70082, 897
99.9

0.012
1.376
10508

19.6
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Suppl. Tablell.

Details of mutagenesis of M. mazel class|| photolyase.

) Expression
M utant Primer P '.'."O
condition

MmCPDI 5'- GGGCAAAAAAAATTCTGGAATTCAGCGAATCTCCCG-3' 20 °C (24h)
W38SF 5. CGGGAGATTCGCTGAATTCCAGAATTTTTTTTGCCC-3’

MmCPDII 5'- CACATGACCCACTCTTCAACGCTAGCCAGATGGAACTTC-3' 25 °C (24h)
W360F 5-GAAGTTCCATCTGGCTAGCGTTGAAGAGTGGGTCATGTG-3'

MmCPDII 5-CACGCGCATGTACTTCGCAAAAAAAATTCTAGAATGGAGCG-3' 15 °C (48h)
W381F 5. CGCTCCATTCTAGAATTTTTTTTGCGAAGTACATGCGCGTG-3'

MmCPDII 5-GTGAGGAGTCATATCTTCACTCTAGAAGAGTTCGAAGC-3’ 20 °C (24h)
V345F 5-GCTTCGAACTCTTCTAGAGTGAAGATATGACTCCTCAC-3'

MmCPDI 5-GCACGGTTACACGCGTATGTTCTGGGCAAMAAMAATICTGG3 o0 o gy
V380F 5-CCAGAATTTTTTTTGCCCAGAACATACGCGTGTAACCGTGC-3'

MmCPDII 5-GAAATTGCAATCTGCCTGGACGATCGGTATGAACTTGACG-3’ 15 °C (24h)
N403D 5-CGTCAAGTTCATACCGATCGTCCAGGCAGATTGCAATTTC-3'

MmCPDII 5-GAAATTGCAATCTGCCTGCTCGATCGGTATGAACTTGACG-3’ 15 °C (24h)
N403L 5-CGTCAAGTTCATACCGATCGAGCAGGCAGATTGCAATTTC-3’

MmCPDII 5-GAAATTGCAATCTGCCTGGCCGATCGGTATGAACTTGACG-3' 15 °C (24h)
N4O3A 5-CGTCAAGTTCATACCGATCGGCCAGGCAGATTGCAATTTC-3’
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