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Abstract

The superfamily of metallo-B-lactamases (MBL) comprises an ancient group of proteins found in all domains of life, sharing a
characteristic of3po fold and a histidine-rich motif for binding of transition metal ions, with the ability to catalyze a variety of
hydrolysis and redox reactions. Herein, structural homology and sequence similarity network (SSN) analysis are used to assist
the phylogenetic reconstruction of the MBL superfamily, introducing tanglegrams to evaluate structure-function relationships.
SSN neighborhood connectivity is applied for spotting protein families within SSN clusters, showing that 98 % of the superfamily
remains to be explored experimentally. Further SSN research is suggested in order to determine their topological properties,

which will be instrumental for the improvement of automated sequence annotation methods.

Hosted file

MBLS_Proteins_refsPlainText.pdf available at https://authorea.com/users/313491/articles/443972-
structure-guided-phylogenetic-reconstruction-of-the-superfamily-of-proteins-sharing-the-metallo-
%CE/B2-1lactamase-fold

flavodoxin

appa B-CASP domain

domain domain

NDM-1 (PDB 4hI2) RNAse J (PDB 6llb)

Lt Y -
Wl o Q 3
%é} wizz ” PR y
4 3 Haa y =Py h
S D124 S | \ : oss | P, G o })
. i AR\ ity § g
LN Py - 2 ., . Q. ¥y >
) 2 dggnﬁauin / > fﬁ \-‘ C y
/c208 - (& s
{ H250 H152 D174 Hat0 .,
: \ \ > & domain



https://authorea.com/users/313491/articles/443972-structure-guided-phylogenetic-reconstruction-of-the-superfamily-of-proteins-sharing-the-metallo-%CE%B2-lactamase-fold
https://authorea.com/users/313491/articles/443972-structure-guided-phylogenetic-reconstruction-of-the-superfamily-of-proteins-sharing-the-metallo-%CE%B2-lactamase-fold
https://authorea.com/users/313491/articles/443972-structure-guided-phylogenetic-reconstruction-of-the-superfamily-of-proteins-sharing-the-metallo-%CE%B2-lactamase-fold

motif 1

UniProt

B
1x8h Ahydophia  B2Z8LCpiA

[GGHD P26918
4n12 K pneumoniae  B1ZBLNDM-, plasmidic LVVBT A MSHS  C7C422 80—
1a8t B fragiis B1 ZBLCorh ALLDTP I PGHG 25910
3113 B B1 Z8L Bell VLVBSS PGHG  P0£190
65va  metage B1 ZBLVNB-1, plasnidic HM 1T P PGHG  6ava
5acs B1 ZBLGIM, piasmidic  B1&B2 v | 18P PGHG 704Vl
w6 P stutzer B1 LD pasmide  zBLg  FIVBTP PGHG  D5JGFE
Smmd B1 ZBL TMB-1, plasmidic FLIBTP! PGHG  T2HNVO
1ddk i B1 ZBLIMP-1, plasmicic YLifTeF PsHs|  Q7oMP6
316n Cindologenes BT ZBLIND- VLFBVP PGHD  AdGRE2
n2x  E meningosoptica B1 ZBLBlaB vvigce AGHD 008498
6qwo T maritima Ozbinding dion protein, ODP iLLBres PQHG  RANP3L
4dik T mariina Flavodoxinke VL 1BGWK PGHG  QoWZL4
2q9u  G.infesinalis  Fpra TVIgs vk SAHG  Q86Z1
le5d D gigas Rubredoxin0z osdoreductase, ROO TLEBTVK PDHG  QUFOTE
1ycf M themoacetica NO reductase FDPs  ALVETVY PSHG  QIFDNT
2ohh M marburgensis  FprA S ALIBNSY PSHG 050497
6£xm M themaiiforophicss Coenzyme FA20H2 oxdase, Fprk ALIBNTY PSHG| AtsacSHB
6etb E cof Anaerobio NO reduciase vLigTvo TSHG 046877
6h0c FDP class C, type i ALFBPPG P74373
4fek  Nostoc sp. FDP class C, type 2 (non iron binding) AlLIBPPY Q8z0C1
3adr S, tokodai putative quorum sensing VMIBAGY Q7012
Sevd S.malophiia B3 ZBLL1 tpe ll vLLPGGM 52700
6ul0 S, maltophila B3 ZBLL1 VLLDGGM B2FTML
tawy Paengnosa B3 ZBLANM, pasmicc ILVBAAT 50CA0
5igk  uncultured B3 ZBLRm3 VL IBGGL, AORO59QSE8
6e0s metagenome B3 ZBLMEM-AT 1L1gses 6E0S
6kat S mamescens B3 ZBLSB-1 B3 1LVBGTT GSELM3
6aut . pentaromatiorans B3 ZBLMINH1 vLiBsce GEEHN2
6nfi . agarivorans ZBLs vLIDseT! 4R71
6dnd  C. sakazakii 1LiIBAGL AOR3B4EQSE >—
2gun B, diazoeficiens 1LMDT AN P L ——
119y . gomani 1L iflsoL QUK78
5aeb uncultured [N GL BSLSVS;*—
5kOw E. meningoseptica ILINTGT Q4JRBE
6aol P phymatum TIvVBCG! B2JKI6
5uo B, mulivorans TvvBCG! mnsm%
2z04 T themophilus ALVET AL Q5S1ES
4ad9  H. sapiens ILIBTGE Q53H82
2903 Poenginosa  PosE ALVEGG | 20581
4pdk E cof 6 ViBeLY 32717
5aij P aerginosa SdsA alkylsulfatase alkyl-aryl 1vvBTLT Q9I5I9
2yhe Pisat VLIBTLT FOKAYT
4nur  Pseudomonas sp.  SdsA alkylulfatase TIFBPLI F2WP51
2x£4 S typhimuium  pulalive ghyoraase I, YcbL. ALVBPGG BSCE28
2zwr T thermophius MBLike: VLIBPGD Q5SHVT
3r2u S aureus ML MIIBP IR AUAOR2KOTB
3tp9 A acdocaldarvs  ETHE ke cVIBPAR
aysb M xanus ETHET persulfide dioxygerase PSD0) VL 1BlP VL QIpacy
2gcu A thaliana AETHE1 LLIBPVD| Q9c8L4
achl  H sapiens Human ETHEY PSDO & VLIBPVL 095571
5veS P phytofimans  PSDO Gixl vLIBPVF B2TEQ2
4efz B pseudomallei  MBLIike ALIBSVL] Q3JRV4
aysk P puiida Sd0APSDO ALIBSVL A5VWI3
2p18 L infantum Leishmania Gl AAVBVNA Q2pYNO
1gh3 sapiens. fuman Gl AlVBPVQ Q16775 [
1xm8 A thaliana Arabidopsis GlxlI GVVBPSE Q9SID3
2qged  §. typhimurium Salmonella Ghl LT2 VIVBPGE Q8ZRM2
4v0h  H.sapiens RMBLACT 1LVBTGE A4D2B) =]
1zte T mantima Tm08%4 111BPGN QIWZZE
3dha B thuingiensis  AHL 1LvBTeM P0CI63
3a33 M. japonicum 4P lactonase FLIBTGY 0988B9Y
2r2d A fabrum iB. VLYBTGC| A9CKY2
6n9q Padonisiyies QOLike  Lactonases ILERTSC A0R023DFE8
6cgy A acioterestis  QQlLlke ILFBTSC
4le6 Pokowrans  OPCHZ vLigTeA Q5503
Shif  synihetic ACTMPH vLvBTGA SHIF
4xuk  Avietobactersp.  AbOPH vLiBscA 676018
4z02  Chryseobacterium sp. AidC QAL 1LMBTGM I7HR71
2bib S, preumoniae AMVBTGE 08062 |
50t S, coelcoor Livhcoy HTGDFK 086842
3zqd B, subtilis VLIBAGI S| HTGDFK 045493
xwe . radodurans VVVBGGL S| HTGDFK HOCZLT
3t30 T thermophilus FVLBGGL, S| HTGDFK Q72337
Shab M. psychrophilus 11IBNG | S| YACDFK KAMAFY
2azd  E faecalis I1FFRFGT JAY YTGDLR Q82223
2i7x S cerevisiae CPSF 100 LLIBPG! cP| Y AKRIWN 012102
2dkE T themophius  RNAse viLBcen LP YSGDLG Q5SLE1
6ild S, cerevisige Ysh1 VMLBAG | VL FTGDYS Q06224
237t H.sapions CPSFT3 CPSF 1MLPCG | VL YTGDFS QUUKF! L |
655 C. hominis CPSF3 VMFBCG | VL YTGDYS A0S
2ycb M ihemauotughicus CPSE viLgcev 1L YTGDFK 027271
2xr1 M. mazei CPSF 100 1Lipcey 1L FTGDYK 8P203
3a£5 P horkoshi PSF VLVBFGY 1L ITGDFK 050112
5aho  H.sapiens Apollo 5-ex0. 1AVD- - - CP YTGDFR Qomgl6———————————|
403V S, cerevisiae 1 1AVEGG A 61 veeDVE P22434 )
3qh8 B abortus MBLike PhnP vvigTer 6D YCTDVS Q2v074
6b9v K versatilis PhnP DP VLIBTTP [GE YLTDFS QJIHBQE }
3glp E ool PhnP TLIBAGL Sk WLSDTA P16692
smtz S cosie Tzl RNAseZ IMLBAGE A1 YSGDTR 36159
1yd4  B. subtiis RNAseZ WLFBCGE GV FSGDTR P54548
2cbn coli Zipd WLFBCGE! PL IFGDTG POABVO
3zwf  H sapiens ELACt tRNAse Z WLFBCGE R1 1LGDCS QOHTTT
6kns B sublilis Yhil LLv@ces PV YTADSS zomm::’_
1zkp B anthracis ELACHe LLvBCGs! PV YSADSS A0ITIV201
1wwl T mantima RNAseZ ILFBAGE VS 1SGDSL 8 »—
3bv6 V. cholerae MBL-ike LS1BFwe RT HSGDSH QOKMS2 bootstraps
2uyl E ool UaGlike vevirwe RT HSGDSH 39300 © 100
4qn9  H. sapiens NAPE-PLD FLTBP | F| KR FAGDTG Q6IQ20 ° 90
3K17 P dstasonis 1avBP VS TT 1AGDTE A6LCT2 o 80
6hrg I hospitaiis 1A1BPWI 5 HAGDTG ABABXS
3x2x T mariima 111BPFI GS HAGDTG Q9X0P5 ° 70
4300 S, venezuelae FLVBPVL HG FAADST F2RB8O . 60
2pdz  C. subterraneus 1VVBTGQ 1P VTGH Q8R8V2 - 50
3h3e T mariina VLEBTGK RK 1 TECSH Qo207 9




-3

organophosphorus Neighborhood connectivity
hydrolases
OPH 0 200 400 600
4\‘ [ -
quorum
quenching B SwissProt
lactonases r

B Protein Data Bank (PDB)

aat B SwissProt & PDB

persulfide <
. dioxygenases

sec-alkyl
sulfatases

ODP
oxygen
sensor

DNA
internalization
and competence

ComEC / CPSF
B-CASP

° flavodiiron
' H,MP tRNAsez proteins
biosynthesis
CbpE
Apollo pl_lospho-
5"-exo DNAse cholinesterase

B_phg

-4

cAMP/cGMP CPSF2 CmIA\PhnP UlaG ElaC1
PDE NAPE phospholipase D




Component size

10° 600
z Z k
.. A § S 4004 £ 500
. 3 8 3 B
. £ 1074 £ 53004 ‘| E400
g H 35 :
LY 8 8= 200 g %0
o] £2 £
2 10 ° 5 200
3 8 2
g 5 1004 5
-~ 3 2 2100
- = z =
- e T8 0 — o
10' 10°  10° 0 200 400 600 800 0 200 400 600 800 1000 0 200 400 600 800 1000
Connected components Degree Degree Degree

2z

z

B

3

£

8

9

8

S

£ A —— —————

é :

=l

(5] P

z T T T T T T T 1 r T T T r T T
250 500 750 0 100 200 300 400 O 100 200 300 0 100 200

Degree Degree Degree Degree




