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1. 3DM INTRODUCTION
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*|n the fir‘§t__5tep of the"'gener?[ﬁm of a 3DM superfamily platform able 'Stru!ur’es for the protein family'and groupSith ti”uct_gre D\ -
subfarrﬂie%Fom these groups’o'ne template structureiis.selected that is used tofalign'sequences for which no structures are available thereby forming subfami e

alignments I ére)MO &f.stch templ&te structures arefshown for the kin@segfotein family. The resulting 140 subfamilies are combined into one large'suf)gl'”famlly

alignmentgln t8tal'the alignment for the kinases contains overdii4.000 WT‘éequences.'A 3D-numbering scheme, in which‘all striictural equivalent residu‘esﬁget
the samle number (e.g. are in the same.column.in the alignment],’is applied to all'sequences, allstructures, and to the alignments. Here, the labels of the purple

residues located at 3D-position 27 are shown. The 3D-numbers synchronize all sequences and/structures.
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MANY DIFFERENT DATA TYPES ARE COLLECTED FOR ALL SEQUENCES
IN THESE LARGE ALIGNMENTS

—  Mutation data
From literature: 264.605...
From patents: 1.683 mutations have been extrated from claimes.

—  Structure data
PPI, ligand contacts, bridges, solvent accessibility, flexibility/RMSD, ...

—  Alighment data
Conservation, correlated mutations, family specific residues, ...

—  SNP data
SNP databases, genome sequencing projects

—  Data- and tool integration
All data are stored connected to the 3D numbering scheme and thus to the alignment,
to the structures, all 3DM tools, and each other.

dBMicollectssmany differentidatartypes from allikindstofisotrnces forallitherlf4:000 proteins thatiare avallablefintthisikinase protein familySliheserare allistored!
connectedito the SB-numbers. Inis.connects allidata toreach other making it possible tormake very.complex gueries. Forexample, It nowW takes a'couple ol seconds
to findout IFmutations reported in the literature that cause effects on SpecIficity are more often found at positions that snow a correlated mutation behavior in the
alignment. Manually such comparisons can easlily be a year Work.




2. 3DM'S PATENT ANALYSIS SUITE




PATENT DATA EXTRACTION

—  Collection of patents for complete protein families
> Claimed and mentioned sequences
> Claimed sequence spaces
> Claimed mutations » Patent family information
> Bibliographic data:

Priority, filing and publication dates

| Applicants

[l Titles & abstracts

V. Many others...

Inventors

> Many other data types

v

SDNVEcollectsitne patentsiior complete protenisupenfamiliesiby:combiningicomplexipatent sequence searcheswith arsmartpatentiamilyssearcn Eorimportant
heavily patented protein families, such'as the'kinase protein family or the antibody protein family, SBM collects many: (7:944 and 4 4.859 respectively) patents:

From these patents many different data types are extracted, such as clalmed sequences and clalmed mutations. For the Kinase and antipody. protein families
SDM extracted 187.978 and 703.396 sequences, and 1.663 and o.180 mutations, respectively.




Superfamily 3DM Full Dataset

Patents

Patents

Location

mus
Wo .
EP EP (6%)
CA

%

WO (23%)

US (67%)

INPADOC Family

M Unknown

29

32

34 5%
W240

2% 9%

21

261
W448

580

106

155 55%
[ [3}

174

an

Others

4%
3%
a%

2%

2%
1%

¥ e
"\ul-.-.ll--.

Granted

B &pplication
Granted

Application (61%)

Applicant

M Novozymes
Danisco us
The procter & gamble...
Agrivida
M Monsanto technology
Kymab
Henkel & co. kgaa
Uknown Others (38%)
M University of washin...

Movozymes (16%)
Novartis
Maxygen

Genentech .

=
B Wu wei
Souter philip frank £ / 4
Genencor internation. .. 4;':,- Agrivida (5%)
Others

Ponganto technology (5%)

anisco us (B%)

fgamble company (5%)

1% o Kymab (4%

DIFFERENT ONLINE SELECTION TOOLS FOR ANALYSIS OF THE

Subtilisin (2016)

Patent Overview

Total patents

Total 3DM proteins

Total patent sequences

In Selection

# Patents

# 3DM proteins

# Patent sequences

PATENTS

SUBSE

2.464
1.635

13.894

2.464

1.635

13.894




DIFFERENT ONLINE SELECTION TOOLS FOR ANALYSIS OF THE PATENTS

Subtilisin (2016)

Superfamily 3DM - Full Dataset

Patents
Patents Patent Overview H ore 3 U_
Location Granted Reset Total patents 2408 gran ted
mus M Applicati .
Ep - Gfapngtjmn Total 3DM proteins 1.635 p d t en tS f FOM
CA
wo Total patent sequences 13.894 N OVO Zy m e S
EP (15%)
are selected.
In Selection NOVOzymeS
# Patents 115 haS 1 1 5
# 3DM proteins 61 g ra N t e d
US (77%) # Patent sequences 714 p a t e n tS | n
this protein
family.
INPADOC Family Applicant Reset
291 B Novozymes
B Unknown Kymab
3 1% Novartis Movozymes (100%)
21 Danisco us
389 26% Genencor internation...
W43 Maxygen
157 ' M Ceres
188 ' The procter & gamble...
243 b M Ness jon e _—
W15 Cognis —
118 Kao corporation
280 B Wu wei —
67 M University of washin...
W76 M Paas yoav \\;\
363 13% Henkel kommanditgese... \
Others Others / / l l \\\\

Tns



DIFFERENT ONLINE SELECTION TOOLS FOR ANALYSIS OF THE PATENTS

Subtilisin (2016)

Superfamily 3DM = Full Dataset

B Claimed B No Mutations B Aligned
i Mot Claimed B Mutations M Not Aligned

Patent Overview

Claimed (51%)
MNo Mutations (64%)

Dates

Publication Dates

4

I | T T T T 1 | | 1 | 1 f g = . T
1084 1686 1688 1650 1602 1604 1056 1504 2000 2002 2004 2006 2008 2010 202 2014 2016

Filing Dates

ﬁ... - | j..l!.a.. P J..I_ abia I - . .r... ‘J—l T I la

208

I T T T T T T B | T T T T
1884 1986 1888 1880 1962 1884 1956 1968 2000 2002 2004 20086 2008 2010 20m2 2014 2016 2018
Priority Dates
T T T T 1 = I|J . . II' { | T T Ly gy I T T
1984 1986 1988 1930 1992 159594 1996 1958 2000 2002 2004 2006 2008 2010 202 2014 2018 2018

Aligned (78%)

Total patents

Total 3DM proteins

Total patent sequences

In Selection

# Patents

# 3DM proteins

# Patent sequences

2.464

1.635

13.894

92

23

437

Of which 92
have been
published
since 2008




DIFFERENT VISUALISATION OPTIONS

Patent sequence mutation positions @ Reset

-y

mutations
3
1

o I I ! I I I | ] ! I 1 I ] I | I ] ] I ! I ! 1 ] ! ] ! ] ! 1 I

1
Fe R ow e A N el DS YD DB By R N DD % %% T

Search

Text search Search patent identifier Search Applicant

Patents

Export phylogenetic tree iTol tree options

Patent Overview

Total patents

Total 3DM proteins

Total patent sequences

In Selection

# Patents

# 3DM proteins

# Patent sequences

2.464

1.635

13.894

221

13

235

Interactive
histogram
visualising
mutations
claimed by
Nnovozymes.




MANY OPTIONS FOR VISUALIZING PATENT DATA

Patent sequence mutation positions @ Reset

&) Patent Overview
Total patents 2.464
100 3
80 - Total 3DM proteins 1.635
80
@ T0 -
5 60 Total patent sequences 13.894
o 50
30 In Selection
20 5 —
10 -
0= e —— e e————t—F . f—T—F—TTTT T ————F—T # Patents 221
Fog 3 - )
# 3DM proteins 13
# Patent sequences 235
Search
Reset All
Text search
SEA
LEAI
Patents

Export phylogenetic tree

The selected
mutation
data can
iInstantly be
visualized In
any available
protein
structure or
homology
model.




MANY OPTIONS FOR VISUALIZING PATENT DATA

Patent sequence mutation p Save/resto

& iew
2.464
1$: 1.635
The patented 2 o 13894
sequences 2 .
can instantly ] | o
be Visua[ized U o ' ;' .La.;; i 221
In the 13
phylogenetic -
tree of the Search P
. ﬁ g
Superfamll'y Text search .
for FTO o
analysis. .
Patents

Export phylogenetic tree

<o




SUMMARY OF THE SELECTED PATENTS IS PROVIDED

Patent List
) ) ) Patent Overview
_ A list of the selected patents is provided.
Total patents 2.464
P Mext Last
. Total 3DM proteins 1.635
Link to
i ﬂ t e ra Ct |Ve PrEmeriRIn Bemion Total patent sequences 13.894
ana I.yS 1S tool == [ Family:115 - US7951573 B2 Frematines In Selection
for each |
Subtilases # Patents 92
p a t e n t Applicant: Novozymes Publication type: Granted Sequences: 8
# 3DM proteins 53
Published: 31/05/2011
;'r'l*’::lw ]li:: ;;Eg;g # Patent sequences 437
Reset All
Abstract

Patented sequences Show more. .
The present invention relates to novel subtilases from wild-type strains of Bacillus,

especially the Bacillus strains ZI344, EP655, P203, EP63, ZI120, ZI130, ZI1342 and SEQID Claimed Mutations  Linked protein Similarity ~ Claimed seq.
Z1140, and to methods of construction and production of these proteases. Further, in 3DM iy
the present invention relates to use of the claimed subtilases in detergents, such as a
laundry detergent or an automatic dishwashing detergent.
2 0 SSVEFD 81.87%
4 m 0 SSVEFD BZ.93%
6 m 0 SSVEFOD 82.93%




INTERACTIVE TOOL FOR ANALYSIS A PATENT SHOWING CLAIMED

SEQUENCES AND MUTATIONS

Subtilisin (2016)

Superfamily 3DM - Full Dataset =~ ! ibMm -

. -Jan Joosten
== Henk-Jan Joosten

patent US9133423 B2

SUBTILASE VARIANTS

Applicant: NOVOZYMES A/S,

Abstract

The present invention relates to novel subtilase variants exhibiting improvements relative to the parent
subtilase in one or more properties including: wash performance, thermal stability, storage stability or
catalytic activity. The variants of the invention are suitable for use in e.g., cleaning or detergent
compositions, such as laundry detergent compositions and dish wash compositions, including automatic
dish wash compositions.

Linked patent sequences
SEQ ID Claimed Linked protein in 30M @)  Similarity ()
1 m N 100%

Residues i . , VBE ; A : ; f i ;
Mutations ; . N i ; i .

Claimed Seq. space

Type: Granted
Published: 15/09/2015
Filed: 15/01/2010
Priority: 08/07/2005

Linked mutations

21

A os vIRVEIVIRC | k ALERIL s oy TEYs n vIBIV Av i oskYi 055 [0t kvAlKEA sPUVEs E T nEdF oo nlills HIAT OALIT v A A LN S i [

2 100%

A oS VEAWE | s Ry o ARJAAHNREGL TRIsHdv kv AV LD TR s T HID Ln | REIA S FvERIERYs 1o oRANEdHIT H v ARIT | A ALNNS |V L]

Simple family members

UsS20100120091 A1

Claims

1. A variant of a subtilisin 309 comprising the following set of
modifications: S9R, A15T, VB84, 599G, A228V, Q245R, N261D
wherein the variant has protease activity and each position

o

corresponds to a position of the amino acid sequence of SEQ ID

MO

2. The variant of claim 1, which further comprises one or more of
the modifications K27R, *360, S56FP N62ZD. N76D, SBETM. G9TN,
S101G, S101R, S103A, V104A, V1041, V104N, V104Y, 51064
H1Z200, H1200M, N1235% G1590 Y1678, B1/705 B1 /0L, A194P

204D, V2051 QZ06E, L2170, M2185, N218D, M2225, M2224,
12245, AZ232V. K235L, OQ236H, NZ24BD. N252K, TZ274A,
S1071G+V104N, S87N+5S101G+V 104N

KZ7R+V104Y+N12354T274A, and NY6D+S103A+V1041

3. A cleaning or detergent composition, comprising a variant of

claim 1 and a surfactant

4 The oo mposition « f elaim 3, which additionally « Omprises a
cellulase, a lipase, an amylase, a cutinase,
hemicellulase, an esterase, a lactase, a glyco:
polygalacturonase, a beta-galactosidase, a

theraot

5. An isolated DNA sequence encod iy d &




MOVING MOUSE OVER DATA WILL HIGHLIGHT THE CLAIM IN WHICH 3DM

FOUND THE SELECTED DATA POINT

Subtilisin (2016)

superfamily 3DM w Full Dataset = ibM

patent US9133423 B2

SUBTILASE VARIANTS

Applicant: NOVOZYMES A/S,

Abstract

The present invention relates to novel subtilase variants exhibiting improvements relative to the parent
subtilase in one or more properties including: wash performance, thermal stability, storage stability or
catalytic activity. The variants of the invention are suitable for use in e.g. cleaning or detergent
compositions, such as laundry detergent compositions and dish wash compositions, including automatic
dish wash compositions

Linked patent sequences

SEQID Claimed Linked protein in 30M @@  Similarity @)

1 Cinimed N 100%
Found in claim 2
Residues ¢ , N62, V6B ,N76, , : ; . I . ;

Mutations . : ,N62D, | ,S87N, 1, ,  Y167A,

Claimed Seq. space

Type: Granted
Published: 15/09/2015
Filed: 15/01/2010
Priority: 08/07/2005

Linked mutations

21

(A as vigvIgvERa | K ALERIL Hs oy THds v viBlv AV I DsElI 0s s HEgD LKV AGRIA sEIvERs E T NEJF o0 nils HEGT HBRARET v A A LOEN S | L)

2 - 100%

(A as vIEIWIY s R vaaldaannREIL TV kvaviorfdisTnldon i RERSA s F vERIERds T o ofd N[ T H v ARYT I AA LN NS (VL]

2 Henk-Jan Joosten

Simple family members

1
Usa

Claims

1. A variant of a subtilisin 309 comprising the following set o

45R, N261D

. R G i o o ) A o e S
modifications: S9R, A15T, V68A, S99G, A228V Q.

¥

wherein the variant has protease ZE-.Z'II'J:l:,-' and each position

corresponds 1o a Paa tion of the aminog afd id VB U

MO: T,

2. The variant of claim 1, which further comprises one or more of

ice of SEQ ID

the modifications K27R, *36D, S56P, N62D, N76D, S87N, G97N,
51016, S101R, S103A, V104A, V1041, V104N, V104Y, S106A,
H120D, H120N, N123S, G159D, Y167A, R1705, R170L, A194P
N204D, V2051, Q206E, L217D, N218S, N218D, M222S, M222A,
T224S, A232V, K235L, Q236H, N248D, N252K, T274A,

S101G+VI104N, SE7N+5101G+V104N,

K27R+V104Y+N123S5+T274A, and N76D+5103A+V104I1.

3. A cleaning or detergent compaosition, comprising

claim 1 and a surfactant

4. The composition of claim 3, which additionally

cellulase, a lipase, an amylase, a cutinase, a prot
hemicellulase, an esterase, a lactase, a glycoany
polygalacturonase, a beta-galactosidase, a lignin

thereof

6. An isolated DNA sequence encoding a subtilas

C |||'I|"Z'IZ.|"- ol

Q

Interactively
analyse
claimed
sequences
and
mutations

INn a patent.




TOOL FOR PROJECTING PATENT DATA ON A CUSTOM TARGET SEQUENCE

GENERAL SEQUENCE SEQUENCE PROJECTION (BETA)
Sequence Visualizations
Qg PWGITRVQAPAVHNRG I TGSGVRVA I LDSGISAHSDLNIRGGASFVPGEPTTADLNGHGTHVAGTVAALNNSIGV I &0
GVAPNAELYAVKVLGANGSGSVSGI AQGLEWAATNNMHI ANMSLGSDFPSSTLERAVNYATSRDVLVIAATGNNGSGSVG a0 . Cgreregigns » Here the
YPAR‘I’ANAMAVGATDGNNRRANFEQYGTG|D|?APG\I’]QSTYPGNR?VEMNGTEMETPHVAEAA.&LUKQR\'F‘SWNATQ| 240
RNHLKNTATNLGNSSQFGSGLVNAEAATR cut-off was
. Patent mutations BLAST ~ X set on 300/0
seguence
Custom sequences can be uploaded to 3DM . _ : _
3DM connects the sequence to the alignment o e identity. So,
Blast searches can be performed against the all mutations
|
patented sequences 0 9 _ _
Patented mutations are visualized in the target claimed In
sequence (purple residues)
’ PHITP ¥ sequences

that are >30%
identical are
plotted on
the target
sequence.

INIstistarscreensnotof8Misisequence projectionitooiinisttoolallowsironthevisualizationtoirdatarirom nomologuesisequences dinectly;ontyourtarget proteln:
[his featurelis unigue to:sBMrand makes SMisuchia'powerfulitools Asdifferenthomologues proteins nave differenttnuUmbpering schemes this s very difficultand
time consuming to do manually. Forinstance, Ifyou are interested N a certain amino acld in your target, It s very difficult to find all patents that claim a mutation

at that specific position. The SD-numbering scheme synchronizes the patented sequences to any protein target making such complex searches very easy:.




CLICKING ON A PURPLE RESIDUE PROVIDES A LIST OF PATENTS THAT
HAVE CLAIMED MUTATIONS AT THE SELECTED POSITION

GENERA SEQUENCE SEQUENCE PROJECTION (BETA)
Seqguence Visualizations

jF’WG I TRVQAPAUHNRG I TGSGVRVA I LDSGI SAHSDLM IRGGASFVYPGEPTTADLNGHGTHVAGTVAALNNSIGY I =0
GUAFHAEL'\‘AUHULGANE.GS‘USGIAGELEWAATNNMHIﬂNMSLGEDFPSETLERAVN‘I"ATBRD"JLUIAATGNNGSGSVG 160 . CGI‘EI’EQiﬂHS »

YPARYANAMAVGATDQNNRRANFSQYGTGIDIVAPGVNMOSTYPGNRYVSMNGTSMATPHVAGAAALVKQRYPSWNATQI 240
RNHLEKNTATNLGNSSQFGSGLYVNAEAATR

. Patent mutations BLAST ~ X
1 99 Valine (Val)
Alignment position: 191 (4 (aligned in core region) Similarit‘ 30
(%)
2 Patents in simple family B |
STORAGE-STABLE LIQUID DISHWASHING DETERGENT CONTAINING PROTEASE AND AMYLASE 0 g
In a liquid dishwashing detergent comprising a protease and amylase, storage stability is to be improved. us ' Al &3
This is achieved through the use of a protease comprising an amino acid sequence having at least 70% Publication: 2015-01-15 :
: : ; : R S e Conservation of V. 6.224 +
identity over its total length with the amino acid sequence specified in SEQ ID NO. 1 and having, in the listing Applicant: BASF SE
according to SEQ ID NO. 1, the L211D amino acid substitution in combination with at least two further amino (20,38%)

acid substitutions selected from the group consisting of S3T, V4l, V193M and V1991

Mutations

SEQID NO:1  Similarity: 91% V1991 V

SEQ ID NO:1  Similarity: 91% V1991 V P2809/63B1 8 " Granted
Publication: 2017-01-04
Applicant: BASF SE
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