A wnicate By-crystallin

human yS-crystallin

human yD-cystallin

+

E2 F
Lk LX
"eaV Ty

FaAth B ene nawn

Bhve

D

1o
‘s?a&%ane'fxe o= B s

’“":“955‘9=§9!9!=958:2”332“888;&333%”899

PNy

9#99“838

Ve
' Al
%3

Re E"=§e DL "R)L., \KVEcG l

--&NﬂﬂzBﬁ&ﬁﬂﬂnﬂﬂﬂ&!hﬁﬂ!?¥9338

g JEV §G W;Z

a8 ﬂ-—-==

=
2

2986

v oatdlih

NﬂﬁR&ﬁRﬁKSnﬁB?%BSGﬁSeS?

e ..ufeﬁ

A
G
v
(i d
2

Iése§§
85 2R

EHG b

ﬁhﬂﬁ&nﬂB!BShiﬂﬁxL

55 QVVLEEGEYER‘V _;_ “ 9 )

a8 3!&!#8c88!38b!&£~2!»#

9 :

<,
®

|
oG 10 1
RIRRRRERR

as B
KRR85%

S3as8u8nsss aaz 5388

L
EE £ HaSe
7

En38!665883a83385588§c

Figure S1. Multiple sequence alignment. The Deep MSA tool was used to identify conserved residues starting with A
tunicate y-crystallin B human yS-crystallin C human yD-crystallin and D zebrafish yM7-crystallin. In all cases, the
most common conserved residues are serine and glycine, along with the tryptophans commonly found in the
hydrophobic core of each Greek key domain, the tyrosines associated with the tyrosine corners, and charged residues
on the surface. Insets show the structure of each protein with strongly conserved residues highlighted. Cysteine and

methionine are generally not among the more strongly conserved residues.
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Figure S2. Sequence alignment for y-crystallin Cluster 1 (By-crystallins).
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Figure S3. Sequence alignment for y-crystallin Cluster 2 (yS-like crystallins).
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Figure S4. Sequence alignment for y-crystallin Cluster 3 (yD-like crystallins.)
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Figure S5. Sequence alignment for y-crystallin Cluster 4 (yM-crystallins).
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human (2-crystallin. As for the y-crystallins, the most common conserved residues are mostly serine, glycine, and

Figure S6. Multiple sequence alignment. The Deep MSA tool was used to identify conserved residues starting with
aromatic residues, and not cysteine or methionine.



Table S1: Cysteine and methionine content of B-crystallins in representative vertebrates.

. . . lengt Cys Met
organism protein UniProt ID method h (10./%) (1010./
/O)

Mus musculus BA1-crystallin CRBA1_MOUSE X 198 8/4.0 4/2.0
gr:ggﬂﬁghymh“s BA1-crystallin F7BTY4 ORNAN X 204 10149 525
Danio rerio BA1-crystallin Q567D9_DANRE X 199 11/5.5 8/4.0
Danio rerio BA1-crystallin Q6DH14 DANRE X 196 7/3.6 9/4.6
Danio rerio BA1b-crystallin Q6DGY4_DANRE X 198 12/6.0 12/6.0
Danio rerio BA1c-crystallin B5M4A7 DANRE X 206 10/4.9 8/3.9
Latimeria chalumnae  BA1-crystallin H3AXI2_ LATCH X 199 10/5.0 12/6.0
Latimeria chalumnae  BA1-crystallin-like  H2ZY80_ LATCH X 213 9/4.2 13/6.1
Anolis carolinensis BA1-crystallin H9GJES_ANOCA X 215 4/1.9 7/3.3
Gallus gallus BA2-crystallin CRBA2_CHICK X 196 3/1.5 4/2.0
ﬁ]'i"sgs?stgirppiensis BA2-crystallin AORISINRRZA X 208 4/1.9 3/1.4
Latimeria chalumnae  BA2-crystallin H3B2W8 LATCH X 213 7/13.3 6/2.8
Danio rerio BA2-crystallin Q6DGY2_DANRE X 197 8/4.1 7/3.6
Danio rerio BA2-crystallin Q6IQU2 DANRE X 197 8/4.1 9/4.6
Macropus fuliginosis ~ BA2-crystallin CRBA2_MACFL X 197 4/2.0 2/1.0
gr:gitm;hyncus BA2-crystallin BB TONZGS_O X 241 4116 4116
Bos taurus BA2-crystallin CRBA2_ BOVIN X 197 4/2.0 1/0.5
Mus musculus BA2-crystallin CRBA2_ MOUSE X 197 7/3.6 1/0.5
Homo sapiens BA2-crystallin CRBA2_HUMAN X 197 6/3.0 1/0.5
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GAWVAYQYPG YRGFQYVL-- ERDRHGGEFR KYSELGTQAA TGQIQSIRRI QQ
GAWVGYQYPG FRGYQYVL-- EQDRHSGEFR KYSEFGTQAH TNQLQSIRRV QH
GAWVAYQYPG YRGYQYVL-- ERDHHSGEFR NYSEFGTQAH TGQLQSIRRV QH
GAWVAYQYPG YRGYQYVL-- ERDRHSGEFR TYSDFGTQAH TGQLQSIRRV QH
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GAWVAYQYPG YRGYQYVL-- ERDRQNGEFK KYSEYSSQAH TNQIQSIRRI QH
GAWVAYQYPG YRGYQYIL-- ERDKQNGEFK KYIEYSSQAH TNQIQSIRRV QH
GAWVGYQFPG YRGYQYIF-- ERDRHEGEYR ~YNDFGTQAH TNQIQSMRRI QQ
GAWVGYQFPG YRGYQYIF-- ERDRRQGEYR KYYEFGTQAH SNQIQSMRRI QH

Figure S7. Sequence alignment for B-crystallin Cluster 1 (By and BA2-crystallins).
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Figure S8. Sequence alignment for B-crystallin Cluster 2 (BA4-crystallins).

oo oo
FNGQQF I LEK
GQQFVLER
GQQFILER
GQQFTLER
GQQFILER
GQOFILER
GQQFVLER
GQQFILER
GQQFILER
GQQFVLER
FQGQQFILER
FQGQOFILER
FQGQQFVLEK
YMGQQFVLER
YQGHQFVLER
FQGQQFVLER
FQGQQFVLER
FQGQQYILER
FQGQQYVLER

Lo I I T L B

® o e
YLME D HGG
YILEFDHHGG
YIME DHHGG
YILESDHHGG
YVLEADHHGG
YIME DHHGG
YILE DHHGG
YILE DHHGG
YILE DHHGG
YILE DHHGG
YIME ERHSG
YIME ERHSG
YIME DKHSG
YIME DRHSG
YIME DRH G
YLLESDTHAG
YILE D HGG
YVLE DHHSG
YILESDHHSG

LN ]

GDYP' WEAWS
GEYPRWEAWS
GDYPRWESWS
GEYPRWDAWS
GEYPRWDAWS
GEYPRWDAWS
GDYP WEAWS
GEYPRWDAWS
GEYPRWDAWS
GEYPRWDAWS
GEYPRWEGWS
GEYPHWDAYS
GEYPQWDAYS
GEYPRWDAWS
GEYPQ DSFG
GEYP WEAWS
GEYPSWEAWS
GEYPSWDAWG
GDYPGWDAWG

[ ]
EYRHYREYG
DYKHWREWGS
EYKHYREWGS
DYKHWREWGS
DYKHWREWGS
EYKHWREWGS
DYKHWREWGS
DYKHWPEWGS
DYKHWREWGS
DYKHWREWGS
DYQRWWNWGS
DEQHWRNWGS
DYQHWKDWGS
EYKHWREWGS
EYKQFREFGS
EYKHVREWGS
DYKHFWELGS
DYKHFREWGS
DYKHFREWGS



Q52J13_DANRE
F6Z4S4_ORNAN
CRBB3_HUMAN
CRBB3_BOVIN
CRBB3_MOUSE
CRBB3_CHICK
H3AXG5_LATCH
H3AWX7_LATCH
A7E2I4_DANRE
H3A1B8_LATCH
A7E2KS5_DANRE
E7F8M1_DANRE
CRBB1_HUMAN
CRBB1_BOVIN
CRBB1_MOUSE
Q6DGZ8_DANRE
H3AS10_LATCH
CRBB1_CHICK
AOA151MUJ3_ALLMI

Q52313 DANRE
F6Z4S4_ORNAN
CRBB3_HUMAN
CRBB3_BOVIN
CRBB3_MOUSE
CRBB3_CHICK
H3AXG5_LATCH
H3AWX7_LATCH
A7E2I4_DANRE
H3A1B8_LATCH
A7E2K5_DANRE
E7F8M1_DANRE
CRBB1_HUMAN
CRBB1_BOVIN
CRBB1_MOUSE
Q6DGZ8_DANRE
H3AS10_LATCH
CRBB1_CHICK
AOA151MUJ3_ALLMI

Q52J13_DANRE
F6Z4S4_ORNAN
CRBB3_HUMAN
CRBB3_BOVIN
CRBB3_MOUSE
CRBB3_CHICK
H3AXG5_LATCH
H3AWX7_LATCH
A7E2I4_DANRE
H3A1B8_LATCH
A7E2KS5_DANRE
E7F8M1_DANRE
CRBB1_HUMAN
CRBB1_BOVIN
CRBB1_MOUSE
Q6DGZ8_DANRE
H3AS10_LATCH
CRBB1_CHICK
AOA151MUJ3_ALLMI

MSDQ
MTEQ

QGVPDQQVAG
QSVPQOARAG
HGAPEQRAAG
HSTPEQAAAG
HGAPEQARAG
QSPPEQUVTG
QSVPEQUAAG
SGTKTKYKTN

--MAKQSRRN
--MSTGGEKS

» K-

-MSQAAKASA
MSQP--AAKA
-MSQ--AAKA
-MSQTAKSA-
-MSQTTKAA-
-MSETTKTA-
-MSDTTKPA-

[ ]
EKVGSIIVES
EKVGSIQVEQ
EKVGSIQVES
EKVGSIQVES
EKVGSIQVES
EKVGSIQVES
EKVGSVQVES
DKVGSIRVD
KRVGSIRVE
DRIRSIRID
DRVRSLRVE
DRVRSLRVE
DRVRSIIVSA
ERVRSIIVTS
DRVRSLIVVS
DRVRSIIVE
DRVRSVIIE
DRVRSVIVSS
DRVRSVIINS

o oo
AVNGTWVGYM
ALNGTWVGYE
AINGTWVGYE
AINGTWVGYE
VINGTWVGYE
ALNGTWVGYE
AVNGTWVGYE
VMGGTWVGYQ
VNGGTWVGYQ
VP GTWVGYQ
VS GTWVGYQ
VS GTWVGYQ
VSSGTHVGYQ
VSSGTWVGYQ
VSGGTWVGYQ
VPGGAWVGYQ
VP GTWVGYQ
VPSGTWVGYQ
VSSGTHVGYQ

SATVAVNPGP
SATAAVNPGP
SATTAVNPGP
----TN-QGT
----TSGTDA
----APGQAA
----APSQAV

) °

GPWVGFEQKG
GPWLGFE HD
GPWLAFESRA
GPWLAFERRA
GPWLAFERRA
GPWLGFERQA
GPWIGFERQA
GPWMSYEQON
GPWVGFEQON
GPWVGYEQSN
GPWVGHWEQMN
GPEVGFEQMN
GPWVAFEQSN
GPWVAFEQSN
GPWVAFEQSA
GPEVAFEQTN
GPWVAFEQSN
GPWVAYEQAN
GPWVAFEQAN

o0 o o
YPGYRGRQFV
YPGYRGRQFV
FPGYRGRQYV
FPGYRGRQYV
FPGYRGRQYV
YPGYRGRQHV
YPGYRGHQYT
YPGYRGYQFV
YPGYRGYQYL
YPGYRGYQYL
YPGYRGSQYL
FPGYRGSQYL
YPGYRGYQYL
YPGYRGYQYL
YPGYRGYQYL
YPGYRGYQYL
YPGYRGYQYL
YPGYRGYQYL
YPGYRGYQYL

DTKGKGAPPA
DGKGKAGPPP
DGKGKGAPST

[ °
FLGEQFVLEK
FRGERFVLEK
FRGEQFVLEK
FRGEQYVLEK
FRGEQFVLEK
FAGEQFVLEK
FGGEQFVLEK
FCGEMFMLEK
MAGEMFMLER
FGEMFIMEK
F GEMYILEK
F GEMYILEK
FRGEMFILEK
FRGEMFVLEK
FRGEMFVLEK
FRGEMFILEK
FRGEMFILEK
MRGEMFILEK
LRGEMFILEK

o0 LN
FEHGDYKHWN
FEKGEYGHWN
FERGEYRHWN
FERGEYRHWN
FERGEFRHWN
FEKGEYRHWN
FEKGEYRHWN
FE GPYKHWN
FEFGSYKHWN
FEKGEYHHWN
LEKGDYRHEN
LEKGEYRHEFN
LEPGDFRHWN
LEPGDFRHWN
LEPGDFRHWN
FE GDYRHYN
FE GDYRHWN
FETGDEFRHWN
FERGDERHWN

GTSPSPGTTL
GPAPGSGPAP
GPAPAPGPTP

o0 o o
GEYPRWSTWT
GDYPRWDAWS
GDYPRWDAWS
GDYPRWDAWS
GDYPRWDAWS
GDYPRWDSWS
GDYPRWDSWS
GEYPRWDSWS
GDYPLWATWS
GEYPRWD WT
GEYPRWD WS
GEYPRWDSWS
GEYPRWNTWS
GEYPRWDTWS
GEYPRWDTWT
GEYPRWDTWS
GEYPRWDTWS
GEYPRWDTWS
GEYPRWDTWS

o o o
DWGATEPQLQ
EWGAGQPLVQ
EWDASQPQLQ
EWDANQPQLQ
EWDANQPQLQ
EWDANQPLMQ
EWAANQPQTQ
EWGA QPQIQ
EWGANHPQTQ
DWNARHPQMQ
EYGARHPQFQ
EYGAR PQFQ
EWGAFQPQMQ
EWGAFQPQMQ
EWGAFQPQMQ
EF AFQPQIQ
EW AFQPQMQ
EW AFQPQIQ
EWSAFQPQTQ

---MSHTAVQ
----V--PAP
-K--PAS
----K--TAS
APTTVPIT--
APAPAPAQ--
VPASVPRP--

L]
NSQNSF LLS
NSHRSDSLLS
NSRDSDSLLS
NSHHSDSLLS
SSRRSDILLS
NSHNSDSLMS
NSHNSDSLMS
NSYRTDRIMS
NSYR DHLMS
NSYRNEWMMS
N HRNDYLLS
N QKNDYLLS
SSYRSDRLMS
SSYRSDRLMS
SSYRSDRLMS
NSYRSD LMS
NSYRSD FMS
SSYRSD FMS
SSYRSD FMS

e o
SVRRVRDMQW
SVRRVRDQKW
SVRRIRDQKW
SVRRIRDQKW
SVRRIRDQKW
SVRRVRDQQW
SIRRIRDMQW
SIRRVKDMQW
SVRRVRDMQT
SMRRIRDMQW
SVRRIRDMQW
SVRRIRDMQW
SLRRLRDKQW
AVRRLRDRQW
AVRRLRDRQW
SVRRVRDMQF
SMRRIRDMQW
SIRRIRDMQW
SIRRIRDLHW

FAT-
V--DQRQTLS
QPDGKARQTQ
QTDGKGA-PS

ART---SKAS
ARTPAASKAT
SSDPTPVTNS
VADPIPVSNS

e
IRPLRVDS-A
LRPLHVDG-P
LRPLNIDS-P
LRPLHIDG-P
LRPLHIDG-P
LRPLQIDS-P
VRPLRIDS-S
FRPVRMDN-Q
VRPVRMNP-Q
FRPVLMDP-E
FRPIRMDP-E
FRPVRMDP-E
FRPIKMDA-Q
FRPIKMDA-Q
FRPIRMDS-Q
LRPFRMDP-M
FRPIRMQDSQ
MRPIRMEA-E
MRPIKMEA-E

L]
HKRG FTVPT
HRRG YPSS-
HKRGREPSS-
HKRGVFLSS-
HKRG FLSS-
HQRGSFENS-
HKRG FASS-
YRRG FEFTN
HHRG FELA-
HQHG YTYAS
HPDG YTMAT
HPHG YTMAS
HLEGSFPVLA
HREG FPVLA
HQEG FPVLT
HQRG FNMTA
HQKG FTFAS
DQKGTEVTPE
DRKGTYDTPE

K-SQGGAGAT
K-AHGGLGGS
K-SHGDLGGS
K-SHGGLGGS
K-SHGGLGGS
E-GAGERGGN
K-SHGGIEGN
-KGTMLSVHF
------ GKSS
L-ALT LSLL
K-KTEMGMGN
K-KSEMGMMS
K-AAELPPGN
A-KAELPPGS
K-VGDLPPGS
KTGDPGFMGN
K-TGEPSVGS
K-GEEPSTEA
K-GEDSALEG

[ ] ® e
DHKLHLFEN
DHKLHLFENP
HHKLHLFENP
DHKLHLFENP
DHKLHLFENP
DHKIHLFENA
DHKIHLFENA
DHKI LYE V
DHNI LYE M
KHKI LYEMG
KHKI LYEVG
KHKI LYEVG
EHKISLFEGA
EHKL LFEGA
EHKI LFEGA
EHKI LFELS
EHKI LFE A
DHKISLYESA
DHKITLFESA

PDPAPKPNPN

o
YKVSLYEFEN
FKITVFELEN
YKVILYELEN
YKVIVYEMEN
YKVTVYELEN
YKITIYELEN
YKMIIYELEN
IQIIFYEYEN
HRIYLFEYEN
FQTIFDQEN
YKMYVEDQEN
YRMYVEDQEN
YRLVVFELEN
YKLVVFEQEN
YRLIVFEQEN
YKIFLFDQEN
YRIIIFEQEN
FRIVIFEQEN
FRIVVFEQEN

[ ]
SFAGRKMEIV
GFGGRKMEIV
AFSGRKMEIV
AFGGRKMEIV
AFSGRKMEIV
GYTGRKMEIV
GYNGRKMEIV
NFEGRKMEV
NFDGRKMEVS
EFKGRKMEIM
DFKGRKMEI I
DYKGRKMEIM
NFKGNTIEIQ
NEKGNTMEIQ
NFKGNTMEIQ
DFKGNKMETQ
DFQGNKMETF'
DFKGNKMDIQ
DFKGNKMEIQ

PNPNPNPNPN

o0

FRGKKLELSA
FQGKRYDLTR
FQGKR ELSA
FQGKR ELTA
FQGKR ELSA
FQGRR ELSE
FQGKKSELSG
FQGRKMEEFTS
FQGHMMELSG
FQGR MEFSG
FQGRMIEISN
FQGRMIEINA
FQGRRAEFSG
FQGRRVEFSG
FQGRRVEFSG
FQGRMMEVQN
FQGRHMEFMN
FQGRQMEFTS
FQGKKMEFTA

LN J
DDDIPSLWVH
DDDVPSLWAH
DDDVPSLWAH
DDDVPSLWAH
DDDVPSLWAH
DDDVPSLWAH
DDDVPSLWAH
DEDIPTLWSY
DEDIPSLW H
DDDVPSLFAY
DDDVPSMYTF
DDDVPSLFSY
GDDAPSLWVY
EDDVPSLWVY
EDDVPSLWVY
EDDVPTLWAH
EDDVPSLWAY
EDDVPSLWAY
EDDVPSLWAH

PNPNPNPAPN

°

E KDLIEKNL
E PNLTEDRL
E PSLTDSLL
E PNLTESLL
E PNLTDSLL
ELPNVVDKAL
E QONLSEKGL
E_KNL DRGF
E RNV DKGL
E MNV DRGF
ECMNV_EMGM
E MNV DMGM
E SNLADRGF
E LNLGDRGF
E LNLGDRGF
ECMNV ERGM
ECVNL DRGF
E LNLAD GF
E LNLGERGF

oo 000 ©

GFQDRVASAK
GFQDRVASVR
GFQDRVASVR
GFQDRVASVR
GFQDRVASIR
GFQDRVASVR
GFQDRVASVK
GFQDRVASIQ
GFQDRVGSIQ
GFTDRVGSVS
GFTDRVGSIM
GFTDRVGSIM
GFSDRVGSVK
GF DRVGSVR
GF DRVGSIT
GF DRVGSVR
GF DRVGSVR
GF DRVGSVK
GF DRVGSVK

PAPAPAPPAP

Figure S9. Sequence alignment for B-crystallin Cluster 3 (BB1- and BB3-crystallins).
Q52JI3_DANRE has an additional 7 amino acids (SATAASS) that were truncated to limit the
figure to one page.



Q52JI4_DANRE MATDHONPAT KQKQPVASAF KLVIYEQENE QGR HELTGP NNLQEAGVE KVGSVLVQ G PWVGFEQPG KGEQYVFEKG EYPRWDSWIN SRRSD IVAF
CRBB2_CHICK MASEHQMPAS KQQP---ASP NIAIFEQENF QGR HELSGA  PNLKDAGVD KVGSILVHSG PWVGYEQAS KGEQFVFEKG EYPRWDSWTN SRRSDSITSL
AOA151NSD4_ALLMI MASEHHLPLS K-QQ---TNP KIAIFEQENF QGR HEINGS TSLKEAGVE KVGSILVHSG PWVGYEQAN KGEQFVFEKG EYPRWDAWTN SRRSDIIGSL
H3AY34_ LATCH MASDHQAPAS KQQQ---1SS KIVLFEQENF QGR HELSGP SNLKEAGIE KVGSILVH G PWVGYEQPN KGEQYVFEKG EYPRWDSWTN SRRSDSISSL
F7A5Y5_ORNAN ~  -======--- -- -ITVFEQENE QGRSHELSGP SNLKETGME KVASVLVHSG PWVGYEQTN KGEQFVFEKG EYPRWDSWTN SRRSD IGSL
B2ZF66_MACFL MASDYQTQSS KIVIFEQENEF QGRSHELSGP SNLKETGME KAASILVQSG PWVGYEQAN KGEQFVFEKG EYPRWDSWTN SRRTDALSSL
CREEZ_MDUSE MASDHQTQAG KITIFEQENF QGHSHELSGP PNLKETGME KAGSVLVQAG PWVGYEQAN KGEQFVFEKG EYPRWDSWTS SRRTDSLSSL
CRBB2_HUMAN MASDHQTQAG KITIFEQENE QGHSHELNGP PNLKETGVE KAGSVLVQAG PWVGYEQAN KGEQFVFEKG EYPRWDSWTS SRRTDSLSSL
CRBB2_BOVIN MASDHQTQAG KIIIFEQENE QGHSHELNGP PNLKETGVE KAGSVLVQAG PWVGYEQAN KGEQFVFEKG EYPRWDSWTS SRRTDSLSSL
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052J14_DANRE
CREB2_CHICK
AOA151NSD4_ALIMI
H3AY34_LATCH
F7A5YS5_ORNAN
B2ZF66_MACFL
CREB2_MOUSE
CREB2_HUMAN
CREB2_BOVIN

Q52JI4_DANRE IQSVRRIRDM QYHPRGAFQA TS
CRBB2_CHICK IQSVRRIRDM QWHQRGAYHP SN
AOA151NSD4_ALILMI IQSVRRIRDM QWHQRGAFHP TN
H3AY34 LATCH IQSVRRIRDM QWHQRGAFHP TN
F7A5Y5_ORNAN IQSVRRIRDM QWHQRGAFHP AN
B2ZF66_MACFL VQSVRRIRDM QWHQRGAFHP TN
CRBB2_MOUSE VQSVRRIRDM QWHORGAFHP SS
CRBB2_HUMAN VQSVRRIRDM QWHQRGAFHP SN
CRBB2_BOVIN VQSVRRIRDM QWHQRGAFHP SS

Figure $10. Sequence alignment for B-crystallin Cluster 4 (BB2-crystallins).



