Supplementary Material to the study entitled
»Structure and enzymatic mechanism of a moonlighting dUTPase”

Ibolya Leveles*®, Veronika Németh®, Judit E. Szab6®, Veronika Harmat®, Kinga Nyiri*", Abris
Adam Bendes™®, Veronika Papp-Kadar™®, Imre Zagyva®, Gergely Rona®, Olivér Ozohanics®,
Karoly Vékey!, Judit Toth® and Beata G. Vértessy™

“Institute of Enzymology, Research Centre for Natural Sciences, Hungarian Academy of
Sciences, 29 Karolina street 1113 Budapest, Hungary, ® Department of Applied Biotechnology
and Food Science, Budapest University of Technology and Economics, 4 Szent Gellért tér,
1111 Budapest, Hungary, “Hungarian Academy of Sciences-E6tvos Lorand University,
Protein Modeling Research Group, and E6tvos Lorand University, Institute of Chemistry,
nstitute of Organic Chemistry, Research Centre for Natural Sciences, Hungarian Academy
of Sciences, Budapest, 1025, Pusztaszeri ut 59-67, Hungary

*correspondence e-mail: vertessy@mail.bme.hu

Supplementary Results: Mass spectrometry

Supplementary References

Supplementary Table S1 List of mutagenic primers

Supplementary Table S2 Spectrofluorimetic data on @11 phage dUTPase : nucleoside
phosphate complexes

Supplementary Figure S1 Mass spectrum of @11 phage dUTPase under native electrospray
conditions.

Supplementary Figure S2 Phylogenetic sequence alignment of staphylococcal phage
dUTPases

Supplementary Figure S3 Phylogenetic tree of staphylococcal phage dUTPases



Supplementary Results: Mass spectrometry

Electrospray mass spectrometry has been shown to be capable of providing relevant
information of oligomerization (protein complexation) characteristics while also having the
great advantage of not depending on molecular shape and hydrodynamic properties of the
macromolecules (Grandori et al., 2009, Heck, 2008, Ngounou Wetie et al., 2013, Benesch et
al., 2007). We wished to apply this technique to learn if it may be a convenient tool for

characterizing trimeric dUTPases.

The electrospray mass spectrum of ®11 phage dUTPase were measured on protein samples
dissolved in volatile aqueous buffer (10 mM NH4HCO3, pH 7.8) to approximate ’native’
conditions while also allowing mass spectral measurements. Spectra presented in Fig. 2
clearly show the presence of an abundant species in the 3000-5000 m/z range. Charge
distribution is narrow (mostly 16+, 17+ and 18+ charge states), which supports that the native
protein conformation does survive transfer into the mass spectrometer. Mass difference
between various charge states suggests that these are mostly ammonium ion adducts.
Molecular mass of this species is 59,500 (£100) Da, corresponding to a non-covalent trimeric
form of dUTPase, as based on the monomer molecular mass of 19,853, calculated from the
amino acid sequence (cf Materials and Methods). Dimers, tetramers or other oligomers are not
detected (their abundance is less, or much less than 5% that of the trimer). Absence of these
oligomers confirms that the trimer is not an artifact (non-specific aggregate). In the low mass
range (see insert in Fig. 2), the protonated monomer species is observed with a molecular
mass 19,854 (£2) Da, in agreement with the amino acid sequence. Based on relative peak
areas, monomer signals are only 5-10% that of the trimer, indicating high stability for the
latter. In the low mass range signals corresponding to two impurities (molecular mass 19,154
and 17,425) are also observed (peaks indicated by “A” and “B” in Fig. 2). Trimers (or other
oligomers) are observed only for the ®11 phage dUTPase monomer, and not for these
impurities. This, again, supports that @11 phage dUTPase is predominantly present in the
solution as a trimer; and supports the conclusion that the observed trimer is not due to non-

specific aggregation.
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Supplementary Table S1 List of primers used in site-directed mutagenesis experiments

Mutant Primers

®11DpyTriosH forward: 5’CTATATTACCCCGGGCGTGTGGGATATTAAAGGCGAAATTGATC3’
reverse: 5’ GATCAATTTCGCCTTTAATATCCCACACGCCCGGGGTAATATAG3’

®11DUTHe4" forward: 5’GCGAACGCGGCGAAAAAGGCTGGGGCAGCAGCGGCGTG3'

reverse: 5’'CACGCCGCTGCTGCCCCAGCCTTTTTCGCCGCGTTCGC3’

®11DUTE®®STP | forward: 5'GAATTTGAAAGCGTGAGCTAACGCGGCGAAAAAGGC3’

reverse: 5’GCCTTTTTCGCCGCGTTAGCTCACGCTTTCAAATTC3'

®11DUTA0122 | forward: 5'GCGATTGCGAGCAACTATGGCACCTATCAGATTAACGAAG3'

reverse: 5'CTTCGTTAATCTGATAGGTGCCATAGTTGCTCGCAATCGC3'

Supplementary Table S2 Fluorescence spectral characteristics of dUTPases containing Trp

residues in the apoenzyme and upon ligand binding

hDUT WY | o11DUTYT | ®11DUT W ®11DUT W
F o SOMP 0.64° 1 0.96 0.897
Frax 010 0.2 0.97 1 0.67
F o OPVEP 0.4° 0.94 0.94 0.64
Amax ™ (nM) 3532 342 346 347
Amax O (nm) 347" 342 346 347
Amax T (nm) 339° 342 346 344
Amax O (nm) 343" 343 346 342

*Published in (T6th 2007 JBC)

Fimax values indicate maximal fluorescence intensities observed upon saturation with the
corresponding ligand, as compared to the fluorescence intensity of the apoenzyme, Amax values
indicate the wavelength of maximum fluorescence in the emission spectrum. Note
fluorescence intensity changes and blue-shift of emission maximum in the ®11DUT"'**Y and

the corresponding human dUTPase F158W construct, but not in the other ®11 dUTPases.



Supplementary Figure Legends

Supplementary Figure S1 Mass spectrum of ®11 phage dUTPase under native
electrospray conditions.

T17+, T16+ etc indicate trimer signals and 17+, 16+ etc charge states. Molecular mass of this
species is determined to be 59,560 Da, corresponding to a trimer of the monomeric molecular
mass of 19,854 Da. Inset: Monomer signals (M) and two small protein impurities (A and B)
are also indicated; the numbers (e.g. A9+) indicate charge states. Molecular masses
determined from the spectrum are 19,854, 19,154 and 17,425, for the dUTPase (M) and the

two minor impurities (A and B), respectively.

Supplementary Figure S2 Phylogenetic aligment of staphylococcal phage dUTPases

Supplementary Figure S3 Phylogenetic tree of staphylococcal phage dUTPases
Phage dUTPase sequences were analyzed by the ClustalX 2.1 with the neighbor-joining
algorithm (cf Supplementary Fig. S2). Clusters of similar sequences are shown in different

colours.
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I II III

sLT 00 e MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
tp310-3  ———mm——————— MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
80 0000 mmmmmmm e MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
tp310-2 —==-MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKTVIKTDVAVSIPEGYVGLLTBRSGVYSSKTHLVIETGKIDAGYHG]
tp310-1  —--—---- MRRSRKMTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
PVL108 @ —————-— MRRSRKMTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTPRSGYSSKTHLVIETIGKIDAGYHG]
PVL-CN125 -—-—-—---- MRRSRKVTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSILEGYVGLLTERSGNSSKTHLVIETGKIDAGYHGN
PpVL  —=—=—- MRRSRKVTNTLQVKLLSENARMPERNHKTHAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTERSGYSSKTHLVIET[GKIDAGYHG
42 —==——— MRRSRKVTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTERSGNSSKTHLVIET|GKIDAGYHG|
52A 00 === MRRSRKVTNTLQVKLLSENARMPERNHKTAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTERSGYSSKTHLVIET[GKIDAGYHG
29 0 e MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
MR11 ~  mmmm——————— MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
71 mmmmmm————— MTNTLQVKLLSENARMPERNHKTOAGYDIFSAENVVLEPQDKTVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
P11l 0 mmmmmmm MTNTLQVRLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHGN
Sa2usa @ ———————————- MTNILQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
Sa3usa @ @ ———————————- MTNILQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
Mu50A MNWLELMRRTRKMTNILQVKLLSENARMPERNHKTHAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTERSGYSSKTHLVIET[GKIDAGYHG
Mu50B MNWLELMRRTRKMTNILQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETGKIDAGYHGN
Avl  mmmmmmmm———= MTNTLQVRLLSETARMPERNHKTOAGYDIFSAETVLLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
Avl = mmmm——————— MTNTLQVRLLSETARMPERNHKTOAGYDIFSAETVLLEPQEKAVIKTDVAVSIPEGYVGLLTPRSGVSSKTHLVIETIGKIDAGYHG]
3A ~MTNILQVKLLSKDARMPERNHKTOAGYDIFSAKTVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIET[GKIDAGYHG
ETA2 ~ ——mmmm————— MTNTLQVKLLSENARMPERNHKTOAGYDIFSAESVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTYLVIETGKIDAGYHG]
187 0 mmmmm——————— MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSISEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYQG]
80 0 mmmmm—————— MTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
53 0 mmmmmm—— MTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGVSSKTHLVIETGKIDAGYHGN
NM3  mmmm——————— MTNTLQVRLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
Sa2mr252A ———————————-— MTNTLQVRLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTPBRSGYSSKTHLVIETIGKIDAGYHG]
Sa3mr252B @ -—-———————-—-—-—-— MTNTLQVRLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHG]
47 0 memmmeemm——e MTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTYLVIETGKIDAGYHGN
77 mmmmm—————— MTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTYLVIETIGKIDAGYHG]
85 0 mmmm——————— MTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTYLVIETIGKIDAGYHG]
COL mmmmem——————— MTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTYLVIETIGKIDAGYHG]
12 —==——- MRRNRKMTNTLQVKLLSKNARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTYLVIETIGKIDAGYHG]
ROSA == MTNTLQVKLLSENARMPERNHKTOAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTBRSGYSSKTHLVIETIGKIDAGYHGN
P954 0 o ———mm—————— MTNTLQVKLLSKDARMPERNHKTEAGYDIFSAETVVLEPQEKAVIKTDVAVSIPEGYVGLLTEBEEJSSKTYLVIETSKIDAGYHG
Phage specific linker region IV

I |
SLT LGINIKN GDKLAQILVIVPIWTPELKQVEEFESVS
tp310-3 LGINIKN GDKLAQILVIVPIWTPELKQVEEFESVS
80 LGINIKN GDKLAQILVIVPIWTPELKQVEEFESVS
tp310-2 LGINIKN GDKLAQILVIVPIWTPELKQVEEFESVS
tp310-1 LGINIKN GDKLAQILVIVPIWTPELKQVEEFESVS
PVL108 LGINIKN GDKLAQILVIVPIWTPELKQVEEFESVS
PVL-CN125 LGINIKNDAIAS------— NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFECVSHR
PVL LGINIKNDAIAS-----~- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFECVS
42E LGINIKNDAIAS-----~- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFECVS
52A LGINIKNDAIAS-—-—-—-—- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFECVS
29 LGINIKNDAIAS-—-—-—-—- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFECVS
MR11 LGINIKNDAIAS-----~- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFESVS
71 LGINIKNDAIAS-----~- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFESVS
11 LGINIKNDAIAS-—-—-—-—- NGYITP--GVFDIKGEID----LSDAIRQ----YGTYQINEGDKLAQLVIVPIWTPELKQVEEFESVS
Sa2usa LGINIKNDNET----- L-ESEDMS--NFGRSPAGIDGKYARLPVTDKILCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
Sa3usa LGINIKNDNET- L-ESEDMS--NFGRSPAGIDGKYARLPVTDKILCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
Mub50A LGINIKNDNET----- L-ESEDMS--NFGRSPAGIDGKYARLPVTDKILCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
Mu50B LGINIKNDNET----- L-ESEDMS--NFGRSPAGIDGKYARLPVTDKILCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
Avp LGINIKNDNET----- L-ESEDMS--NFGRSPAGIDGKYARLPVTDKILCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
Avl LGINIKNDNET- L-ESEDMS--NFGRSPAGIDGKYARLPVTDKILCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
3A LGINIKNDNET----- L-ESEDMS--NFGRSPSGIDGKYTLLPVTDKFLCMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
ETA2 LGINIKNDIET----- L-EIWDDG--NFSRNVAGIDGKYAPPHPSDKILFMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
187 LGINIKNENET----- L-ENWVTY--NFSRNVAGIDGKYAPPPVTDKILFMNGSYVINKGDKLAQLVIVPIWTPELKQVEEFESVS
80a LGINIKNDHE--=-==—==-~ DDKMQT--IFLRN---ID--NEKIFEKERHLYKLGSYRIEKGERIAQLVIVPIWTPELKQVEEFESVS
53 LGINIKNDHE--=-==—==-~— DDKMQT--IFLRN---ID--NEKIFEKERHLYKLGSYRIEKGERIAQLVIVPIWTPELKQVEEFESVS
NM3 LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG-—-—---— IRRIYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
Sa2mr252A LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG----- IRRIYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
Sa3mr252B LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG----- TIRRIYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
47 LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG----- TIRRVYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
77 LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG-—-—---— IRRVYQINKGDKLAQLVIVPIWTPELKQVEEFESVSHR
85 LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG----- TIRRVYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
COL LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG----~— TIRRVYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
12 LGINIKNDEERDGIPFLYDDIDAELEDGLISILDIKGNYVQDGRG —IRRVYQINKGDKLAQLVIVPIWTPELKQVEEFESVS
ROSA LGINIKNDMEHDGITSLYEDLD----DKLVNTLDIKGNYINEGEG-----. ARKVYKINKGDKLAQILVIVPIWTPELKQVEEFESVS
P954 LGINIKNDMEHDGITSLYEDLD----DKLVNTLDIKGNYINEGEG-----. ARKVYKINKGDKLAQILVIVPIWTPELKQVEEFESVS
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