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Supporting table S1: Detail of samples analyzed with multiple nzymes and
different fragmentation method using LTQ-orbitrap Velos and Q-Exactive
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Supplementary table S2 Comparative analysis of O-glycosylation sites detected in mouse and human col4al

O-glycosylation sites Mouse Collagen IV Human Collagen IV

K45 Glucosyl-galactosyl - hydroxylysine Not detected

K48 Glucosyl-galactosyl - hydroxylysine Not detected

K78 Galactosyl / glucosyl-galactosyl-hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K90 Galactosyl / glucosyl-galactosyl-hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K155 No glycosylation detected Galactosyl - hydroxylysine

K2 Glucosyl-galactosyl - hydroxylysine Not detected

K228 Glucosyl-galactosyl - hydroxylysine Not detected

K231 Glucosyl-galactosyl - hydroxylysine Not detected

K295 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K298 Not conserved Glucosyl-galactosyl - hydroxylysine

K322 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K343 No glycosylation detected Glucosyl-galactosyl - hydroxylysine

K361 Glucosyl-galactosyl - hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K393 Glucosyl-galactosyl - hydroxylysine Not detected

K460 Glucosyl-galactosyl - hydroxylysine Galactosyl - hydroxylysine

K463 Galactosyl / glucosyl-galactosyl-hydroxylysine Glucosyl-galactosyl - hydroxylysine

K497 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K527 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K573 Galactosyl / glucosyl-galactosyl-hydroxylysine Glucosyl-galactosyl - hydroxylysine

K582 Glucosyl-galactosyl - hydroxylysine Hydroxylysine

K617 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K635 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K681 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K698 Hydroxylysine Glucosyl-galactosyl - hydroxylysine

K731 No glycosylation detected Glucosyl-galactosyl - hydroxylysine

K742 Hydroxylysine Glucosyl-galactosyl - hydroxylysine

K757 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K825 Glucosyl-galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K828 Glucosyl-galactosyl - hydroxylysine Hydroxylysine

K025 Galactosyl - hydroxylysine Glucosyl-galactosyl - hydroxylysine

K 1043 Galactosyl / glucosyl-galactosyl-hydroxylysine Hydroxylysine

K 1046 Galactosyl / glucosyl-galactosyl-hydroxylysine Galactosyl - hydroxylysine

K049 Hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K 1086 Not detected Galactosyl / glucosyl-galactosyl-hydroxylysine
K081 Galactosyl / glucosyl-galactosyl-hydroxylysine Hydroxylysine

K117 Galactosyl - hydroxylysine Galactosyl - hydroxylysine

K120 Glucosyl-galactosyl - hydroxylysine Hydroxylysine

K132 Galactosyl - hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K1150 No glycosylation detected Galactosyl - hydroxylysine

K 1165 Galactosyl - hydroxylysine Hydroxylysine

K1185 Galactosyl — hydroxylysine Glucosyl-galactosyl — hydroxylysine

K1188 Hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K 1206 Glucosyl-galactosyl - hydroxylysine Hydroxylysine

K 1268 Galactosyl - hydroxylysine Hydroxylysine

K 1283 Galactosyl - hydroxylysine Hydroxylysine

K 1304 Galactosyl - hydroxylysine Galactosyl / glucosyl-galactosyl-hydroxylysine
K1319 Not detected Galactosyl - hydroxylysine

K 1328 Not detected Glucosyl-galactosyl - hydroxylysine

K 1340 Not detected Galactosyl / glucosyl-galactosyl-hydroxylysine
K137L Galactosyl - hydroxylysine No glycosylation detected

K 1380 Glucosyl-galactosyl - hydroxylysine No glycosylation detected

K 1407 Glucosyl-galactosyl - hydroxylysine Not detected




E HSQTTDDPLC PPGTKILYHG YSLLYVQGNE RAHGODLGTA GSCLRK 1 LFCNINNV CNFASRNDY

KRGEAGLPGP PGTVIGTMPL GERGDRGYPG APGLRGEPGP KGFPGTPGOFP GPPGFPTPGD AGAPGEPGER

GEEGDOGE PG VELPGPSGR L x v 0 i fiz0 1 u 0 . GLPGRDGLEG LEPGPOGSPGL

LEGERGPPGG VGFPGSRGDI GPPGPPGVEP 1GPVGERGQA GFPGGPGEFG LPGPR

AG GPOGDRGE PG TPGRF SIE-_S? RGAVGOR eRE GSPGREGENG LEGNPGERQGQ K GQPGLPGI PGTPGERGSI GGPGVEGEQS LTGPFGLOGI
R 2 AGPPGVEG IGPPGAMGPF GGOGPFGSSG PPGIRGERGE PGFPGLDMEG FK:
GD PGTEGVEGK 2 2 GSVGEMGLEG SPGERGVPGI PGEQGVEGEP
GERGARGER 2 GDOG LAGEPGSPGE KGEFRGSAGTF GMPGSPGPRG SPGNIGHPGS PGLPGERGDE
VEGEQG FHGPPGPQGO PGLPGTPGHP VEGPRGDR: DGO ¥ GDRGN QGWPGAPGVE GPRGDPGFQG MPGIGGSPGL
TGSEGDHGLE GV QG0 QEV 2 2 2 GEPG LPGPEGPPGL KGLOQGPPGPE GQOGVTGSVE LEGPPGVEGF DGAFGQORGET GPFGPPGPRG FPGPFGPDGL
GEMGPPGTP EVDHGFLVTR HSQTTDDPLC PPGTEILYHG YSLLYVQGNE RAHGODLGTA GECLRE LFCHNINNV CNFASRN
APFIECHGR: E MFE QVCHR

Supporting figure S1: A representative diagram showing improved sequence coverage of
mouse col4al by optimizing the number of allowed posttranslational modifications and
miscleavages in the database search using MyriMatch. A. A MS data file from a trypsin digested
EHS collagen sample was searched with a standard database search using carbamidomethylation
as static modification, oxidation of methionine as dynamic modification and allowing for only 2
dynamic modifications per peptide. B. The same MS data file searched with MyriMatch, but
increasing the number of miscleavages (up to 4) and dynamic modifications (up to 10) using the
hydroxylation and O-linked glycosylation motifs described in Table 1.




Supporting figure S2: Peptide spectrum matches (PSMs) of 35 O-glycosylation,l
hydroxyproline site at Xaa position of Gly-HyP-GIn motif and 7 3-hydroxyproline sites in

mouse cold4al chain. PSMs were annotated using pLABEL! or IDPicker utility software lon
Matcher?.



m/z= 780.3089 charge=+4 PSM showing the identification of Glucosylgalactosyl-HyK*>48 Mouse col4al chain
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m/z= 1191.5593 charge=+4 PSM showing the identification of Glucosylgalactosyl-HyK”2°0 Mouse col4al chain
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Mouse col4al chain

PSM showing the identification of Galactosyl-HyK?17:228.231

m/z= 915.5043,

charge
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Orbitrap-Velos, ETD Fragmentation
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m/z= 690.5574, PSM showing the identification of Glucosylgalactosyl-HyK®> Mouse col4al chain
charge=+4
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Mouse col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK322:343

=+4

m/z= 1157.5483 charge

1700

89°9F9T +¥ 10

.
i—

1200

8L78LST +[U]TASDI0RTRITAS0INTY+Z-02Y

1500

122671 +214

I Jup

S ey _.h.__»tc.*(c_ct_zcc. = _.=._

1400

—_—
R R L —

Q Exactive, HCD Fragmentation

8921 ++8524

9571021 ++[A][A5030RRF [4500NE-G20 mm

+4[1] 1450108 R [ASOON]Y-F21
2211 480

1100

[T 1450900 [RB[AS00NTY-520+ [Y] (450700 [RF [ASOON[H+Z-GT]
W LU Lttt (A ] Lasugoe es (axIT[D- ]
Ll tp 1Y

—— S A L4 4o |28 s e

X
)
\Q
(@]
<
™M
+
(&4
Ll
O]
= r G1UGEE 4++4 [Y][AS0J0R[RFTAS0ONTA] 866 + (] (420300 [RFTASOININ=2-F [0 [I] Tam - oo - i (U 0y g
D:J AL e g ] Euu.ﬂadddj1
= \

S V1176 +T:_Ecta_au_EE_:c*o-oEl

+[1] 1450908 (B [AS0ON]H-6TY

200

=

\Q

el :

= 887880 +4 Y] [AS0I0R[RE [AZ0IN[H4-F 1]

o\
: M
+

a

= m

VO \

2

I ’ Fo 89y +mn

Gl/
H 81986 ++[] 450308 BB [A500TH2- 11
o\

2 BES ++90md-g

o 1'682
M
+ M
_——
—

I e e e e e e L e L e e e e e e o L e s mo s s s ey e
0ol 06 ] 0L 09 [ OF 0g oz

2 1e+005

O

(@4 (u) Mpsuaju] aanejay
©

=

™

miz



PSM showing the identification of Glucosylgalactosyl-HyK36! Mouse cold4al chain
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Mouse col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK3?3
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Relative Intensity (%)

m/z= 956.9242 charge=+4

505,70

++ 505,70 W16-HH3+++

5,70 b1E-H20+

3
" 1
1.4e+005 @
=
2 3
= +
&
5
o
2
=
=
o
o |
=
24
=
2
2
24
@
]
5 o~
Z =
- o o
5 . o2
£ H i o T
=] g = 9 4
g i . i 93 =
u o Lol = =
+ i = ES
& K o N
I~ B I
fS : o o1 T 5t}
2 o & = <r =
4 == — o = i
: ] <
o S g | = o =1
ISk ™ B o
. 9 A 4 -
=4 . I = S o
s(] 2 I
2 +
5
- i =
&
3 o b
— = =y
5
o +
] 1 =
o 5
= —
o *Y_L‘u
500

100 200 300 400

PSM showing the identification of Glucosylgalactosyl-HyK#60:463 Mouse cold4al chain
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Mouse col4al chain
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PSM showing the identification of Glucosylgalactosyl-HyK#&!
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Mouse col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK4%7
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m/z= 1248.57, PSM showing the identification of Glucosylgalactosyl-HyK527 Mouse col4al chain
charge=+3
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Mouse col4al chain

o Of5 e GffCfL s SfE

PSM showing the identification of Glucosylgalactosyl-HyK>73>82

m/z= 1248.5738 ,
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m/z= 655.5620 charge=+4
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m/z= 1140.2943 charge=+4 PSM showing the identification of Glucosylgalactosyl-HyK®17,63> Mouse col4al chain
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m/z= 866.9266charge=+4 PSM showing the identification of Glucosylgalactosyl-HyK®8! Mouse col4al chain
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Mouse col4al chain
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PSM showing the identification of Glucosylgalactosyl-HyK”>’
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m/z= 502.5 charge=+7 PSM showing the identification of Glucosylgalactosyl-HyK&?> Mouse col4al chain
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Mouse col4al chain
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PSM showing the identification of Galactosyl-HyK®2> & Glucosylgalactosyl-HyK8?8
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m/z= 627.9313 charge=+6 PSM showing the identification of Glucosylgalactosyl-HyK92> Mouse col4al chain
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m/z= 702.6838 PSM showing the identification of Galactosyl-HyK94¢ & Glucosylgalactosyl-HyK04?
charge=+6
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m/z= 791.01 charge=+6 PSM showing the identification of Galactosyl-HyK%8! Mouse col4al chain
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Mouse col4al chain

PSM showing the identification of Galactosyl-HyK*11’
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Mouse col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK120
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Mouse col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK!120,1132
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m/z= 997.968 charge=+4
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Relative Intensity (%)

m/z= 1014.0001 charge=+2
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m/z= 655.5620 charge=+4 PSM showing the identification of Galactosyl-HyK2681283

Mouse col4al chain
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Mouse col4al chain

PSM showing the identification of Galactosyl-HyK?!283:1304

m/z= 956.6473,
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m/z= 489.4524, PSM showing the identification of Galactosyl-HyK!371 Mouse col4al chain
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Mouse col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK*380,1407
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m/z= 1141.5 (+2)
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m/z= 767.34 (.|.3) PSM showing the identification of 3-HyP478 Mouse col4al chain
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m/z= 682.33 (+2)
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Mouse col4al chain

PSM showing the identification of 3-HyP®02,605
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m/2= 830.744 (+3) PSM showing the identification of 3-HyP®4’ Mouse col4al chain
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m/Z= 1038.1483 (+3) PSM showing the identification of 3-HyP1424 3-Hyp143¢ Mouse col4al chain
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Supporting figure S3: Peptide spectrum matches (PSMs) of 39 O-glycosylation, 14 3-hydroxyproline and
3 hydroxyproline sites at Xaa position of Gly-HyP-GIn motif in human col4al chain. PSMs were annotated
using pLABEL? or IDPicker utility software lon Matcher?.



Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK78°
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Human col4al chain

PSM showing the identification of Galactosyl-HyK’80

charge=+5

m/z= 957.6457
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK'>®

charge=+5

m/z= 1001.8837
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK?2>:2%8

charge=+4

m/z= 775.5952
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK321:343

charge=+4

m/z= 920.4349
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK36?

charge=+3

m/z= 1247.923
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Human col4al chain

PSM showing the identification of Galactosyl-HyK361

=+4

m/z= 942.94; charge
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Human col4al chain

PSM showing the identification of Galactosyl-HyK#60
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m/z= 926.9843 charge
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m/z= 881.4156; charge=+3 PSM showing the identification of Glucosylgalactosyl-HyK#%7 Human col4al chain
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK>?’

=43

m/z= 1229.9143; charge

506D GV Arc;j\/jpﬂgrc;jPrQ Jrc;jTJrPﬂgc;J Lh6Q JrPﬂJG A K, 240/G EJer GEFYF D,L RS3®

=

7.0e+003

1800

A
T emal ++[I]1480108 (B3 [ aouai - (W

]
5 FEAT ++0ZF II%T

1700

oa

5

!

1

— —]
6 9551 ++[T]T450]e[BR [A500019-TE81 M

- o

oa

i

1

]

LS L) e §

1400

LT
(|

1200

By
bl
=
T
E
By

1200

Q16T ++02H-E224 u

Z'RGTT ++[T]145030e ReTas0am -5z & 5911 +EI4
B 1ZT1 +++[X] 1450370 (B2 14500018 [[T]

PrEOTT ++ [T 11450338 (ST AS0INIE-F20

¥ o501 +2ld

6°BEDL ++ (1] 45030 24500019528

1'Fa3 +DEW

1100

1000

200

200

700

['65949

800

0219 ++¥1d 0°219
0'66F  +94

500

400

—
ook

(%) Asuau|

+a1
+&
'18F +02H-99
1'ooF  +54
0

aAnefey

m/z

51



Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK>"3

charge=+5

m/z= 566.2649
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK®17:635
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Human col4al chain

—

EjK+34

PSM showing the identification of Glucosylgalactosyl-HyK®8!
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK®%8
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m/z= 1001.8720 charge=+5 Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK”4?
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m/z= 568.6699 charge=+5 Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK”>’
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m/z= 763.3694 charge=+3 PSM showing the identification of Glucosylgalactosyl-HyK825 Human col4al chain
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK102>
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Human col4al chain

PSM showing the identification of Galactosyl-HyK1046
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK04°
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK066
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Human col4al chain

PSM showing the identification of Galactosyl-HyK106®
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Human col4al chain

PSM showing the identification of Galactosyl-HyK111/
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m/z= 909.2668 charge=+5 PSM showing the identification of Glucosylgalactosyl-HyK1132
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Human col4al chain

PSM showing the identification of Galactosyl-HyK1188
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK!18>1188
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK!26>
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Human col4al chain

PSM showing the identification of Galactosyl-HyK1304
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m/z= 929.8210 charge=+6 PSM showing the identification of Galactosyl-HyK!319.1328 Human col4al chain
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+5 psv showing the identification of Glucosylgalactosyl-HyK!3041328 3nd Galactosyl-HyK®31? Human col4al chain

m/z= 992.8703 charge
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Human col4al chain

PSM showing the identification of Glucosylgalactosyl-HyK'340
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m/z= 575.8043 charge
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m/z= 957.6498(+5 i
+5) PSM showing the identification of HyP’! and 3-HyP’4 Human col4al chain
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m/z= 957.63(+6 :
(+6) PSM showing the identification of 3-HyP74 Human col4al chain
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m/z= 1200.8142 (+4 .
) PSM showing the identification of 3-HyP% Human col4al chain
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m/z= 1253.2531 (+3)

PSM showing the identification of 3-HyP372
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m/2z= 889.1826(+4) PSM showing the identification of 3-HyP*21 Human col4al chain
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m/z= 886.748 (+3)
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m/z= 902.7432 (+3) PSM showing the identification of 3-HyP478484 Human col4al chain
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m/z= 922.687 (+4)
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m/z= 566.7737 (+2)

PSM showing the identification of 3-HyP587 Human col4al chain
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m/z= 927.9346(+2)
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m/z= 618.9572(+3)
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m/z= 854.7567 (+3)
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m/2z= 849.429 (+3) PSM showing the identification of HyP®%2

0

Human col4al chain

S VP LP, 16 G PP,y GAEGLP,, G S P16 G/F PG P15 Q G D R

N

4000

y7
3500 74237

3000
b13

1230.57
2500

2000 659.42

Intensity

y10

1500 1059.42

1000
b16

y13 ~ 1487.52

500

272.15

1805.85

1711.93

J

0 500 1000 1500

85

2000



m/z= 797.7227 (+3)
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m/z= 782.3984 (+3)
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m/2=782.8649 (+4) PSM showing the identification of 3-Hyp1424,1436 Human col4al chain
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444 478 602,605 647

1424 1436
1 1669
Mouse
coldal
7495 372421 478 484587602 647 786 803 1367 1424 1436
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Supporting figure S4: Comparison of 3-HyP sites identified in col4al from mouse, human and
bovine. The horizontal box represents the full length col4al sequence and the vertical red lines
indicate the corresponding 3-HyP sites. The information for 3 HyP sites from bovine lens capsule (C)
were summarized from Pokidysheva et al* and Hudson et al*. The 3-HyP sites marked with green
represents the conserved sites among mouse, human and bovine.

89



1

61

121 NFA  SQMSYGYDEK
181 PPGAPGPQGF QGPPGEPGEP GGSGPMGPRG PPGPPGKNGD
241 ARGLPGTAGL PGMKIGHRGFS GLDGAKZGDAG PAGPI%GEPGS
301 RPGPPGTAGA RGNDGAVGAA GPPGPTGPTG PPGFPGAVGA
361 EPGPPGPAGA AGPAGNPGAD GQPGAKSGANG APGIAGAPGF
421 NSGEPGAPGN P7(GDTGAKSGEP GATGVQGPPG PAGEEGKRGA
481 SRGFPGADGV AGPIQ(GPSGER GAPGPAGPI:I(.g SPGEAGRPGE
541 KTGPPGPAGQ DGRPGPAGPP GARGQAGVMG FPGPKGTAGE
601 KDGEAGAQGA PGPAGPAGER GEQGPAGSPG FQGLPGPAGP
661 PSGARGERGF PGERGVQGPP GPAGPRGNNG APGNDGAI%%SD
721 ERGAAGLPGP ]l.<3GDRGDAGP]k4 GADGSPGKDG ARGLTGPIGP
781 PTGARGAPGD RGEAGPPGPA GFAGPPGADG QPGA:IKGGEPGD
841 PIGNVGAPGP I%(SSPRGAAGPP GATGFPGAAG RVGPPGPSGN
901 ETGPAGRPGE VGPPGPPGPA GEZK%SPGADG PAGSPGTPGP
961 FPGLPGPSGE PGKQGPSGSS GERGPPGPMG PPGLAGPPGE
1021 A%(]GDRGETGP AGPPGAPGAP  GAPGPVGPAG KNGDRGETGP
1081 PRGD%(ZGETGE QGDRGIszGHR GFSGLQGPPG  SPGSPGEQGP
1141 KDGLNGLPGP IGPPGPRGRT GDSGPAGPPG PPGPPGPPGP
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Supporting figure S5: Summary of prolyl 3-hydroxylation and glycosylation sites in mouse collal*”.
The matured collal sequences are shown in black. The 23 potential lysine sites for O-glycosylation are
numbered. Bold ‘K’ indicates O-glycosylated residue in the Yaa position of Gly-Xaa-Yaa motif. Bold

‘P’ indicates 3 hydroxyproline in the Xaa position of Gly-Xaa-HyP.
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