
1 
 

Post-translational modification of type IV collagen with 3-hydroxyproline affects its interactions 
with glycoprotein VI and nidogens 1 and 2 

 
Nathan T. Montgomery1,2, Keith D. Zientek1, Elena N. Pokidysheva3, Hans Peter 

Bächinger1,2 
 

 

Supplemental File 

 

Supplemental Methods 

Karyotyping - All karyotyping procedures and interpretation were performed by the Oregon Health and 
Science University Research Cytogenetics Laboratory.  Confluent cells were exposed to colcemid (0.05 
ug / mL) for 2 hours to arrest cells at metaphase and then were harvested.  Cells were incubated in 75 mM 
KCl, 5% Fetal Bovine Serum for 10 minutes, then fixed in 3:1 methanol acetic acid.  The cell suspension 
was dropped onto alcohol cleaned microscope slides and baked at 90 oC for 20 minutes.  After cooling, 
the slides were trypsinized for 45 seconds, incubated with Wright stain for 80 seconds, rinsed with diH2O 
and dried.  Chromosomes were imaged using bright field microscopy, and analyzed using Cytovision 
software (Applied Imaging, San Jose, CA).  Karyotype designations were assigned according to MGI 
rules mouse nomenclature of chromosome abnormalities. 

Circular Dichroism - Measurements were all made on an AVIV CD Spectrometer Model 202, using 
AVIV CDS.EXE Version 2.88 instrument control and data acquisition software running on a Windows 
XP computer.  Samples were placed into 1 mm path length quartz cuvettes (Starna Cells, 21-Q-1).  
Samples were dialyzed into 10 mM acetic acid.  Wavelength scans were conducted over a range from 200 
to 300 nm with 0.5 nm steps, 60 second averaging per step and 1.0 nm bandwidth at 25 oC.  Temperature 
scans observed CD signal at 220 nm (1.0 nm wavelength) and were conducted over a 25 to 55 oC range 
(High concentration, Figure 2a.) or a 4 to 65 oC range (Figure 2b).  The temperature was increased at a 
rate of 10 oC / hour (36 second averaging time).  Sample concentrations for WT and 6A6 (P3H2 KO) 
PFHR-9 type IV collagen were obtained by amino acid analysis (see Methods) and normalized for 
wavelength and temperature scans, used to obtain molar ellipticities.  Melting curves were obtained from 
transformation of temperature scan data using a method found in Persikov et al. 2004 (1 ). 
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Supplemental Table 1.  Amino acid composition of type IV collagen samples from PFHR-9 cells. 

 

Amino Acid  Experimental 
Composition 
WT 

Experimental 
Composition 
P3H2 KO 

Amino Acids Per Triple 
Helix 
 

D + N  268.9  259.9  244 

T  154.8  156.0  148 

S  216.1  212.8  225 

E + Q  491.8  448  432 

A  170.8  179.4  164 

V  175.7  176.9  170 

M  94.1  95.7  93 

I  142.4  143.5  143 

L  305.5  317  253 

Y  53.2  59.3  52 

F  161.0  172  156 

H  57.5  56.7  56 

R  166.0  160.3  157 
 

Supplemental Table 1.  Amino acid composition of type IV collagen samples from PFHR-9 cells.  
Experimental concentration of amino acids was derived from peak integration and the average of three 
runs. Amino acid compositions are shown for D + N and E + Q, because the amide side chains residues 
(N or Q) are converted to the corresponding carboxylic acids (D or E)  during acid hydrolysis.  The 
predicted amino acid composition is derived from the amino acid sequence of a hetero trimeric mouse 
type IV collagen triple helix (using UniprotKB entries P02463-1 and P08122-1), lacking the N-terminal 
propeptide. 
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Supplemental Figure 1. Karyotype of PFHR-9, an Aneuploid Mouse Teratocarcinoma Derived Cell 
Line.  PFHR-9 is diploid for chromosome 16 (containing LEPREL1, the gene of interest for KO), 
effectively triploid for chromosome 8 (containing COL4A1 and COL4A2), and is missing a Y 
chromosome though the original tumor cells were from a male mouse.  Detailed interpretation of 
karyotypes is found in this supplement and karyotyping was performed by the Oregon Health & Science 
University Cytogenetics Research Core. 
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OHSU Research Cytogenetics Laboratory Karotyping Report for PFHR-9 

Chromosome Results:  Abnormal 

Karyotype:   

37,X,Rb(1.der(1)T(1H5;3H2)),Add(3G),Dic(3;9)(9A19B::9D9F2::9F29B::3A13H4),Der(6)
T(6G3;19B)Is(?;6D),+8,Rb(8.8),Del(12E-12F2),InDp(14D2;14E2),-
19[cp10]/37,X,sl,T(14E4;15D3)[cp7]/37,X,sl,-Rb(1.der(1)T(1H5;3H2)), 
+Rb(der(1)T(1H5;3H2).der(1)T(1H5;3H2)),+14,-InDp(14D2;14E2)[cp3] 

Interpretation and Comments:   

All twenty metaphase cells examined comprised three related, complex abnormal clones, all with 37 chromosomes 
and a single sex chromosome.  The stemline contains seven structural abnormalities: 

1) a robertsonian translocation (fusion at centromeres) involving an intact copy of chromosome 1 and a derivative 
chromosome 1 

2) a chromosome 3 with additional material of unknown origin attached at band G  

3) a dicentric chromosome involving chromosome 3 and chromosome 9 (with duplicated and deleted material on 
chromosome 9) 

4) a derivative chromosome 6 from a translocation with chromosome 19 and an insertion of material of unknown 
origin at band D 

5) a robertsonian translocation involving two copies of chromosome 8 (in addition to a free copy of chromosome 8, 
thus, essentially trisomy 8) 

6) a deletion on chromosome 12 

7) an inverted duplication on chromosome 14   

Two sidelines were present in this cell line as well.  Seven cells had a translocation between chromosome 14 and 
chromosome 15.  Three other cells lost the inverted and duplicated chromosome 14 while gaining a normal 
chromosome 14, and replaced the robertsonian translocation between chromosome 1 and derivative chromosome 1 
with one between two copies of the derivative chromosome 1. 
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 Supplemental Figure 2.  Sequencing of exon 4 of PFHR-9 6A6 LEPREL1 gene.  An electropherogram 
of the region surrounding the disrupted portion of LEPREL1 (coding for P3H2) exon 4 is shown.  The 
location of the deletion (red), and location of a heterozygous base (C/T) (blue) are color coded.  The 
complementary sequence used to generate the CRISPR construct (teal) and the corresponding CRISPR 
PAM sequence (purple) are also color coded. 

  



6 
 

 

Supplemental Figure 3.  Summary Gel of Purification of type IV collagen from PFHR-9 Cell Culture 
Media from WT and 6A6 (P3H2 KO) Cells.  Input volume in precipitation step is volume of thawed 
PFHR-9 culture media and output volume is the resuspension volume of the ammonium sulfate 
precipitate.  QMA flow through input volume is the input volume of clarified resuspended ammonium 
sulfate precipitate and output volume is the volume of pooled flow-thru from the QMA column.  SP 250 
mM NaCl input volume is the volume of pooled QMA flow-thru loaded onto the SP Sephorose column, 
output volume is the pooled volume from the most concentrated fractions eluted at 250 mM NaCl. Equal 
volumes of sample were loaded onto each lane of a 4-12 % BOLT MES gel. 
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1                                               50 
Human_Col4A1     (1) MGPRLSVWLLLLPAALLLHEEHSRAAAKGGCAGSGCGKCDCHGVKGQKGE 
mouse_Col4A1     (1) MGPRLSVWLLLLFAALLLHEERSRAAAKGDCGGSGCGKCDCHGVKGQKGE 
                     51                                             100 
Human_Col4A1    (51) RGLPGLQGVIGFPGMQGPEGPQGPPGQKGDTGEPGLPGTKGTRGPPGASG 
mouse_Col4A1    (51) RGLPGLQGVIGFPGMQGPEGPHGPPGQKGDAGEPGLPGTKGTRGPPGAAG 
                     101                                            150 
Human_Col4A1   (101) YPGNPGLPGIPGQDGPPGPPGIPGCNGTKGERGPLGPPGLPGFAGNPGPP 
mouse_Col4A1   (101) YPGNPGLPGIPGQDGPPGPPGIPGCNGTKGERGPLGPPGLPGFSGNPGPP 
                     151                                            200 
Human_Col4A1   (151) GLPGMKGDPGEILGHVPGMLLKGERGFPGIPGTPGPPGLPGLQGPVGPPG 
mouse_Col4A1   (151) GLPGMKGDPGEILGHVPGTLLKGERGFPGIPGMPGSPGLPGLQGPVGPPG 
                     201                                            250  
Human_Col4A1   (201) FTGPPGPPGPPGPPGEKGQMGLSFQGPKGDKGDQGVSGPPGVPGQAQVQE 
mouse_Col4A1   (201) FTGPPGPPGPPGPPGEKGQMGSSFQGPKGDKGEQGVSGPPGVPGQAQVKE 
                     251                                            300 
Human_Col4A1   (251) KGDFATKGEKGQKGEPGFQGMPGVGEKGEPGKPGPRGKPGKDGDKGEKGS 
mouse_Col4A1   (251) KGDFAPTGEKGQKGEPGFPGVPGYGEKGEPGKQGPRGKPGKDGEKGERGS 
                     301                                            350 
Human_Col4A1   (301) PGFPGEPGYPGLIGRQGPQGEKGEAGPPGPPGIVIGTGPLGEKGERGYPG 
mouse_Col4A1   (301) PGIPGDSGYPGLPGRQGPQGEKGEAGLPGPPGTVIGTMPLGEKGDRGYPG 
                     351                                            400 
Human_Col4A1   (351) TPGPRGEPGPKGFPGLPGQPGPPGLPVPGQAGAPGFPGERGEKGDRGFPG 
mouse_Col4A1   (351) APGLRGEPGPKGFPGTPGQPGPPGFPTPGQAGAPGFPGERGEKGDQGFPG 
                     401                                            450 
Human_Col4A1   (401) TSLPGPSGRDGLPGPPGSPGPPGQPGYTNGIVECQPGPPGDQGPPGIPGQ 
mouse_Col4A1   (401) VSLPGPSGRDGAPGPPGPPGPPGQPGHTNGIVECQPGPPGDQGPPGTPGQ 
                     451                                            500 
Human_Col4A1   (451) PGFIGEIGEKGQKGESCLICDIDGYRGPPGPQGPPGEIGFPGQPGAKGDR 
mouse_Col4A1   (451) PGLTGEVGQKGQKGESCLACDTEGLRGPPGPQGPPGEIGFPGQPGAKGDR 
                     501                                            550 
Human_Col4A1   (501) GLPGRDGVAGVPGPQGTPGLIGQPGAKGEPGEFYFDLRLKGDKGDPGFPG 
mouse_Col4A1   (501) GLPGRDGLEGLPGPQGSPGLIGQPGAKGEPGEIFFDMRLKGDKGDPGFPG 
                     551                                            600 
Human_Col4A1   (551) QPGMTGRAGSPGRDGHPGLPGPKGSPGSVGLKGERGPPGGVGFPGSRGDT 
mouse_Col4A1   (551) QPGMPGRAGTPGRDGHPGLPGPKGSPGSIGLKGERGPPGGVGFPGSRGDI 
                     601                                            650 
Human_Col4A1   (601) GPPGPPGYGPAGPIGDKGQAGFPGGPGSPGLPGPKGEPGKIVPLPGPPGA 
mouse_Col4A1   (601) GPPGPPGVGPIGPVGEKGQAGFPGGPGSPGLPGPKGEAGKVVPLPGPPGA 
                     651                                            700 
Human_Col4A1   (651) EGLPGSPGFPGPQGDRGFPGTPGRPGLPGEKGAVGQPGIGFPGPPGPKGV 
mouse_Col4A1   (651) AGLPGSPGFPGPQGDRGFPGTPGRPGIPGEKGAVGQPGIGFPGLPGPKGV 
                     701                                            750 
Human_Col4A1   (701) DGLPGDMGPPGTPGRPGFNGLPGNPGVQGQKGEPGVGLPGLKGLPGLPGI 
mouse_Col4A1   (701) DGLPGEIGRPGSPGRPGFNGLPGNPGPQGQKGEPGIGLPGLKGQPGLPGI 
                     751                                            800 
Human_Col4A1   (751) PGTPGEKGSIGVPGVPGEHGAIGPPGLQGIRGEPGPPGLPGSVGSPGVPG 
mouse_Col4A1   (751) PGTPGEKGSIGGPGVPGEQGLTGPPGLQGIRGDPGPPGVQGPAGPPGVPG 
                     801                                            850 
Human_Col4A1   (801) IGPPGARGPPGGQGPPGLSGPPGIKGEKGFPGFPGLDMPGPKGDKGAQGL 
mouse_Col4A1   (801) IGPPGAMGPPGGQGPPGSSGPPGIKGEKGFPGFPGLDMPGPKGDKGSQGL 
                     851                                            900 
Human_Col4A1   (851) PGITGQSGLPGLPGQQGAPGIPGFPGSKGEMGVMGTPGQPGSPGPVGAPG 
mouse_Col4A1   (851) PGLTGQSGLPGLPGQQGTPGVPGFPGSKGEMGVMGTPGQPGSPGPAGTPG 
                     901                                            950 
Human_Col4A1   (901) LPGEKGDHGFPGSSGPRGDPGLKGDKGDVGLPGKPGSMDKVDMGSMKGQK 
mouse_Col4A1   (901) LPGEKGDHGLPGSSGPRGDPGFKGDKGDVGLPGMPGSMEHVDMGSMKGQK 
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                     951                                           1000 
Human_Col4A1   (951) GDQGEKGQIGPIGEKGSRGDPGTPGVPGKDGQAGQPGQPGPKGDPGISGT 
mouse_Col4A1   (951) GDQGEKGQIGPTGDKGSRGDPGTPGVPGKDGQAGHPGQPGPKGDPGLSGT 
                     1001                                          1050 
Human_Col4A1  (1001) PGAPGLPGPKGSVGGMGLPGTPGEKGVPGIPGPQGSPGLPGDKGAKGEKG 
mouse_Col4A1  (1001) PGSPGLPGPKGSVGGMGLPGSPGEKGVPGIPGSQGVPGSPGEKGAKGEKG 
                     1051                                          1100 
Human_Col4A1  (1051) QAGPPGIGIPGLRGEKGDQGIAGFPGSPGEKGEKGSIGIPGMPGSPGLKG 
mouse_Col4A1  (1051) QSGLPGIGIPGRPGDKGDQGLAGFPGSPGEKGEKGSAGTPGMPGSPGPRG 
                     1101                                          1150 
Human_Col4A1  (1101) SPGSVGYPGSPGLPGEKGDKGLPGLDGIPGVKGEAGLPGTPGPTGPAGQK 
mouse_Col4A1  (1101) SPGNIGHPGSPGLPGEKGDKGLPGLDGVPGVKGEAGLPGTPGPTGPAGQK 
                     1151                                          1200 
Human_Col4A1  (1151) GEPGSDGIPGSAGEKGEPGLPGRGFPGFPGAKGDKGSKGEVGFPGLAGSP 
mouse_Col4A1  (1151) GEPGSDGIPGSAGEKGEQGVPGRGFPGFPGSKGDKGSKGEVGFPGLAGSP 
                     1201                                          1250 
Human_Col4A1  (1201) GIPGSKGEQGFMGPPGPQGQPGLPGSPGHATEGPKGDRGPQGQPGLPGLP 
mouse_Col4A1  (1201) GIPGVKGEQGFMGPPGPQGQPGLPGTPGHPVEGPKGDRGPQGQPGLPGHP 
                     1251                                          1300 
Human_Col4A1  (1251) GPMGPPGLPGIDGVKGDKGNPGWPGAPGVPGPKGDPGFQGMPGIGGSPGI 
mouse_Col4A1  (1251) GPMGPPGFPGINGPKGDKGNQGWPGAPGVPGPKGDPGFQGMPGIGGSPGI 
                     1301                                          1350 
Human_Col4A1  (1301) TGSKGDMGPPGVPGFQGPKGLPGLQGIKGDQGDQGVPGAKGLPGPPGPPG 
mouse_Col4A1  (1301) TGSKGDMGLPGVPGFQGQKGLPGLQGVKGDQGDQGVPGPKGLQGPPGPPG 
                     1351                                          1400 
Human_Col4A1  (1351) PYDIIKGEPGLPGPEGPPGLKGLQGLPGPKGQQGVTGLVGIPGPPGIPGF 
mouse_Col4A1  (1351) PYDVIKGEPGLPGPEGPPGLKGLQGPPGPKGQQGVTGSVGLPGPPGVPGF 
                     1401                                          1450 
Human_Col4A1  (1401) DGAPGQKGEMGPAGPTGPRGFPGPPGPDGLPGSMGPPGTPSVDHGFLVTR 
mouse_Col4A1  (1401) DGAPGQKGETGPFGPPGPRGFPGPPGPDGLPGSMGPPGTPSVDHGFLVTR 
                     1451                                          1500 
Human_Col4A1  (1451) HSQTIDDPQCPSGTKILYHGYSLLYVQGNERAHGQDLGTAGSCLRKFSTM 
mouse_Col4A1  (1451) HSQTTDDPLCPPGTKILYHGYSLLYVQGNERAHGQDLGTAGSCLRKFSTM 
                     1501                                          1550 
Human_Col4A1  (1501) PFLFCNINNVCNFASRNDYSYWLSTPEPMPMSMAPITGENIRPFISRCAV 
mouse_Col4A1  (1501) PFLFCNINNVCNFASRNDYSYWLSTPEPMPMSMAPISGDNIRPFISRCAV 
                     1551                                          1600 
Human_Col4A1  (1551) CEAPAMVMAVHSQTIQIPPCPSGWSSLWIGYSFVMHTSAGAEGSGQALAS 
mouse_Col4A1  (1551) CEAPAMVMAVHSQTIQIPQCPNGWSSLWIGYSFVMHTSAGAEGSGQALAS 
                     1601                                          1650 
Human_Col4A1  (1601) PGSCLEEFRSAPFIECHGRGTCNYYANAYSFWLATIERSEMFKKPTPSTL 
mouse_Col4A1  (1601) PGSCLEEFRSAPFIECHGRGTCNYYANAYSFWLATIERSEMFKKPTPSTL 
                     1651           1669 
Human_Col4A1  (1651) KAGELRTHVSRCQVCMRRT 
mouse_Col4A1  (1651) KAGELRTHVSRCQVCMRRT 
 
 

Supplemental Figure 4.  Sequence alignment of mouse and human Type IV collagen α1 chain.  X-
position prolines predicted to be 3-hydroxylated in mouse, based on the mass spectrometry data reported 
here, are highlighted in blue. Sequences with identity between mouse and human are highlighted in 
yellow, similar amino acids (i.e. I/L, T/S) are highlighted in green. 
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1                                               50 
human_Col4A2     (1) MGRDQRAVAGPALRRWLLLGTVTVGFLAQSVLAGVKKFDVPCGGRDCSGG 
mouse_Col4A2     (1) MDRVRFKASGPPLRGWLLLATVTVGLLAQSVLGGVKKLDVPCGGRDCSGG 
                     51                                             100 
human_Col4A2    (51) CQCYPEKGGRGQPGPVGPQGYNGPPGLQGFPGLQGRKGDKGERGAPGVTG 
mouse_Col4A2    (51) CQCYPEKGARGQPGAVGPQGYNGPPGLQGFPGLQGRKGDKGERGVPGPTG 
                     101                                            150 
human_Col4A2   (101) PKGDVGARGVSGFPGADGIPGHPGQGGPRGRPGYDGCNGTQGDSGPQGPP 
mouse_Col4A2   (101) PKGDVGARGVSGFPGADGIPGHPGQGGPRGRPGYDGCNGTRGDAGPQGPS 
                     151                                            200 
human_Col4A2   (151) GSEGFTGPPGPQGPKGQKGEPYALPKEERDRYRGEPGEPGLVGFQGPPGR 
mouse_Col4A2   (151) GSGGFPGLPGPQGPKGQKGEPYALSKEDRDKYRGEPGEPGLVGYQGPPGR 
                     201                                            250 
human_Col4A2   (201) PGHVGQMGPVGAPGRPGPPGPPGPKGQQGNRGLGFYGVKGEKGDVGQPGP 
mouse_Col4A2   (201) PGPIGQMGPMGAPGRPGPPGPPGPKGQPGNRGLGFYGQKGEKGDIGQPGP 
                     251                                            300 
human_Col4A2   (251) NGIPSDTLHPIIAPTGVTFHPDQYKGEKGSEGEPGIRGISLKGEEGIMGF 
mouse_Col4A2   (251) NGIPSDIT--LVGPTTSTIHPDLYKGEKGDEGEQGIPGVISKGEEGIMGF 
                     301                                            350 
human_Col4A2   (301) PGLRGYPGLSGEKGSPGQKGSRGLDGYQGPDGPRGPKGEAGDPGPPGLPA 
mouse_Col4A2   (299) PGIRGFPGLDGEKGVVGQKGSRGLDGFQGPSGPRGPKGERGEQGPPGPSV 
                     351                                            400 
human_Col4A2   (351) YSPHPSLAKGARGDPGFPGAQGEPGSQGEPGDPGLPGPPGLSIGDGDQRR 
mouse_Col4A2   (349) YSPHPSLAKGARGDPGFQGAHGEPGSRGEPGEPGTAGPPGPSVGDEDSMR 
                     401                                            450 
human_Col4A2   (401) GLPGEMGPKGFIGDPGIPALYGGPPGPDGKRGPPGPPGLPGPPGPDGFLF 
mouse_Col4A2   (399) GLPGEMGPKGFSGEPGSPARYLGPPGADGRPGPQGVPGPAGPPGPDGFLF 
                     451                                            500 
human_Col4A2   (451) GLKGAKGRAGFPGLPGSPGARGPKGWKGDAGECRCTEGDEAIKGLPGLPG 
mouse_Col4A2   (449) GLKGSEGRVGYPGPSGFPGTRGQKGWKGEAGDCQCGQ---VIGGLPGLPG 
                     501                                            550 
human_Col4A2   (501) PKGFAGINGEPGRKGDRGDPGQHGLPGFPGLKGVPGNIGAPGPKGAKGDS 
mouse_Col4A2   (496) PKGFPGVNGELGKKGDQGDPGLHGIPGFPGFKGAPGVAGAPGPKGIKGDS 
                     551                                            600 
human_Col4A2   (551) RTITTKGERGQPGVPGVPGMKGDDGSPGRDGLDGFPGLPGPPGDGIKGPP 
mouse_Col4A2   (546) RTITTKGERGQPGIPGVHGMKGDDGVPGRDGLDGFPGLPGPPGDGIKGPP 
                     601                                            650 
human_Col4A2   (601) GDPGYPGIPGTKGTPGEMGPPGLGLPGLKGQRGFPGDAGLPGPPGFLGPP 
mouse_Col4A2   (596) GDAGLPGVPGTKGFPGDIGPPGQGLPGPKGERGFPGDAGLPGPPGFPGPP 
                     651                                            700 
human_Col4A2   (651) GPAGTPGQIDCDTDVKRAVGGDRQEAIQPGCIGGPKGLPGLPGPPGPTGA 
mouse_Col4A2   (646) GPPGTPGQRDCDTGVKRPIGGGQQVVVQPGCIEGPTGSPGQPGPPGPTGA 
                     701                                            750 
human_Col4A2   (701) KGLRGIPGFAGADGGPGPRGLPGDAGREGFPGPPGFIGPRGSKGAVGLPG 
mouse_Col4A2   (696) KGVRGMPGFPGASGEQGLKGFPGDPGREGFPGPPGFMGPRGSKGTTGLPG 
                     751                                            800 
human_Col4A2   (751) PDGSPGPIGLPGPDGPPGERGLPGEVLGAQPGPRGDAGVPGQPGLKGLPG 
mouse_Col4A2   (746) PDGPPGPIGLPGPAGPPGDRGIPGEVLGAQPGTRGDAGLPGQPGLKGLPG 
                     801                                            850 
human_Col4A2   (801) DRGPPGFRGSQGMPGMPGLKGQPGLPGPSGQPGLYGPPGLHGFPGAPGQE 
mouse_Col4A2   (796) ETGAPGFRGSQGMPGMPGLKGQPGFPGPSGQPGQSGPPGQHGFPGTPGRE 
                     851                                            900 
human_Col4A2   (851) GPLGLPGIPGREGLPGDRGDPGDTGAPGPVGMKGLSGDRGDAGFTGEQGH 
mouse_Col4A2   (846) GPLGQPGSPGLGGLPGDRGEPGDPGVPGPVGMKGLSGDRGDAGMSGERGH 
                     901                                            950 
human_Col4A2   (901) PGSPGFKGIDGMPGTPGLKGDRGSPGMDGFQGMPGLKGRPGFPGSKGEAG 
mouse_Col4A2   (896) PGSPGFKGMAGMPGIPGQKGDRGSPGMDGFQGMLGLKGRQGFPGTKGEAG 
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                     951                                           1000 
human_Col4A2   (951) FFGIPGLKGLAGEPGFKGSRGDPGPPGPPPVILPGMKDIKGEKGDEGPMG 
mouse_Col4A2   (946) FFGVPGLKGLPGEPGVKGNRGDRGPPGPPPLILPGMKDIKGEKGDEGPMG 
                     1001                                          1050 
human_Col4A2  (1001) LKGYLGAKGIQGMPGIPGLSGIPGLPGRPGHIKGVKGDIGVPGIPGLPGF 
mouse_Col4A2   (996) LKGYLGLKGIQGMPGVPGVSGFPGLPGRPGFIKGVKGDIGVPGTPGLPGF 
                     1051                                          1100 
human_Col4A2  (1051) PGVAGPPGITGFPGFIGSRGDKGAPGRAGLYGEIGATGDFGDIGDTINLP 
mouse_Col4A2  (1046) PGVSGPPGITGFPGFTGSRGEKGTPGVAGVFGETGPTGDFGDIGDTVDLP 
                     1101                                          1150 
human_Col4A2  (1101) GRPGLKGERGTTGIPGLKGFFGEKGTEGDIGFPGITGVTGVQGPPGLKGQ 
mouse_Col4A2  (1096) GSPGLKGERGITGIPGLKGFFGEKGAAGDIGFPGITGMAGAQGSPGLKGQ 
                     1151                                          1200 
human_Col4A2  (1151) TGFPGLTGPPGSQGELGRIGLPGGKGDDGWPGAPGLPGFPGLRGIRGLHG 
mouse_Col4A2  (1146) TGFPGLTGLQGPQGEPGRIGIPGDKGDFGWPGVPGLPGFPGIRGISGLHG 
                     1201                                          1250 
human_Col4A2  (1201) LPGTKGFPGSPGSDIHGDPGFPGPPGERGDPGEANTLPGPVGVPGQKGDQ 
mouse_Col4A2  (1196) LPGTKGFPGSPGVDAHGDPGFPGPTGDRGDRGEANTLPGPVGVPGQKGER 
                     1251                                          1300 
human_Col4A2  (1251) GAPGERGPPGSPGLQGFPGITPPSNISGAPGDKGAPGIFGLKGYRGPPGP 
mouse_Col4A2  (1246) GTPGERGPAGSPGLQGFPGISPPSNISGSPGDVGAPGIFGLQGYQGPPGP 
                     1301                                          1350 
human_Col4A2  (1301) PGSAALPGSKGDTGNPGAPGTPGTKGWAGDSGPQGRPGVFGLPGEKGPRG 
mouse_Col4A2  (1296) PGPNALPGIKGDEGSSGAAGFPGQKGWVGDPGPQGQPGVLGLPGEKGPKG 
                     1351                                          1400 
human_Col4A2  (1351) EQGFMGNTGPTGAVGDRGPKGPKGDPGFPGAPGTVGAPGIAGIPQKIAVQ 
mouse_Col4A2  (1346) EQGFMGNTGPSGAVGDRGPKGPKGDQGFPGAPGSMGSPGIPGIPQKIAVQ 
                     1401                                          1450 
human_Col4A2  (1401) PGTVGPQGRRGPPGAPGEMGPQGPPGEPGFRGAPGKAGPQGRGGVSAVPG 
mouse_Col4A2  (1396) PGTLGPQGRRGLPGALGEIGPQGPPGDPGFRGAPGKAGPQGRGGVSAVPG 
                     1451                                          1500 
human_Col4A2  (1451) FRGDEGPIGHQGPIGQEGAPGRPGSPGLPGMPGRSVSIGYLLVKHSQTDQ 
mouse_Col4A2  (1446) FRGDQGPMGHQGPVGQEGEPGRPGSPGLPGMPGRSVSIGYLLVKHSQTDQ 
                     1501                                          1550 
human_Col4A2  (1501) EPMCPVGMNKLWSGYSLLYFEGQEKAHNQDLGLAGSCLARFSTMPFLYCN 
mouse_Col4A2  (1496) EPMCPVGMNKLWSGYSLLYFEGQEKAHNQDLGLAGSCLARFSTMPFLYCN 
                     1551                                          1600 
human_Col4A2  (1551) PGDVCYYASRNDKSYWLSTTAPLPMMPVAEDEIKPYISRCSVCEAPAIAI 
mouse_Col4A2  (1546) PGDVCYYASRNDKSYWLSTTAPLPMMPVAEEEIKPYISRCSVCEAPAVAI 
                     1601                                          1650 
human_Col4A2  (1601) AVHSQDVSIPHCPAGWRSLWIGYSFLMHTAAGDEGGGQSLVSPGSCLEDF 
mouse_Col4A2  (1596) AVHSQDTSIPHCPAGWRSLWIGYSFLMHTAAGDEGGGQSLVSPGSCLEDF 
                     1651                                          1700 
human_Col4A2  (1651) RATPFIECNGGRGTCHYYANKYSFWLTTIPEQSFQGSPSADTLKAGLIRT 
mouse_Col4A2  (1646) RATPFIECNGGRGTCHYFANKYSFWLTTIPEQNFQSTPSADTLKAGLIRT 
                     1701    1712 
human_Col4A2  (1701) HISRCQVCMKNL 
mouse_Col4A2  (1696) HISRCQVCMKNL 
 

Supplemental Figure 5.  Sequence alignment of mouse and human Type IV collagen α2 chain.  X-
position prolines predicted to be 3-hydroxylated in mouse, based on the mass spectrometry data reported 
here, are highlighted in blue. Sequences with identity between mouse and human are highlighted in 
yellow. Similar amino acids (i.e. I/L, T/S) are highlighted in green. 
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Supplemental Figure 6.  Wavelength Scan comparison of wt and P3H2 ko (6A6) PFHR-9 Circular 
Dichroism Spectra.  Circular dichroism signal is normalized by concentration to molar ellipticity with 
standard units and are shown on the y-axis.  Wavelength scans were acquired at 25 oC from 200 to 300 
nm in 0.5 nm steps with 60 second signal averaging per scan.  Baseline was set by averaging signal over 
the range from 240 to 300 nm for each scan.  The curve for P3H2 ko type IV collagen scans is shown in 
red, while the curve for the wt scans is shown in blue. 
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Supplemental Figure 7.  Comparison of wt (a.) and PFHR-9 P3H2 ko (b.) type IV collagen melting 
transition.  Unfolding curves were modeled using two-transition model with the indicated melting 
temperatures as input parameters.  Data points are shown as red dots, fit as a black line.  Absolute CD 
signal was transformed to fraction of folded collagen IV using a relation found in the methods section of 
(1). 
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Supplemental Figure 8.  Surface Plasmon Resonance Binding of SPARC with Truncation of Inhibitory 
Domains  (BM40-ΔI-αC) to type IV collagen from wtor P3H2 ko PFHR-9 cells.  Injection was from 0 to 
600 seconds, dissociation was from 600 to 1200 seconds.  Lighter curve for each experiment indicates a 
lower concentration (307 vs 114 nM) Each curve is from an average of 3 injections.  Response was 
normalized for the amount of bound collagen IV. 
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Supplemental Figures 9 –40.  Mass Spectra of Diverse type IV collagen Peptides.  See Table 2 for 
correspondence between Supplemental Figure #, and the relevant site of modification.  Top Panels: MS1 
spectra for each peptide. Peaks are labeled to indicate the number of 4-Hyp present, methionine sulfoxide 
if resent, and 3-Hyp together with the residue number containing the putative modification.  The sequence 
of the putative peptide is shown above the spectrum, with residues underlined to indicate oxidation to 4-
Hyp, 3-Hyp or methionine sulfoxide, and residues are numbered to indicate modified residues of special 
interest, including all of the 3-Hyp modifiable residues.  Lysine residues modified to 
galactosylhydroxylysine are also indicated with an -Gal or indicated for glucosylgalactosylhydroxylysine 
with an adjacent -GluGal. C-terminal methioinine residues are present in CNBr digested peptides, where 
they are modified to homoserine lactone (mass shift = -31 Da) unless otherwise indicated. Bottom Panels: 
MS2 spectra for each observed peptide.  The predicted b- and y-ions are annotated within the spectrum 
with their mass and charge state.  Multiple related spectra which are differently modified but with the 
same amino acid sequence are vertically stacked, to easily compare mass differences arising from 
differential modification. The amino acid sequence is shown above each spectrum, with residue letters 
separated by lines that indicate the location of b- or y-ion related fragmentation events.  
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Supplemental Figure 9. 
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Supplemental Figure 10. 
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Supplemental Figure 11. 
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Supplemental Figure 12. 
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Supplemental Figure 13. 
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Supplemental Figure 14. 
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Supplemental Figure 15. 
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Supplemental Figure 16a. 
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Supplemental Figure 16b. 
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Supplemental Figure 17. 
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Supplemental Figure 18. 
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Supplemental Figure 19. 
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Supplemental Figure 20 
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Supplemental Figure 21. 
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Supplemental Figure 22. 
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Supplemental Figure 23. 
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Supplemental Figure 24. 
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Supplemental Figure 25. 



33 
 

Supplemental Figure 26 
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Supplemental Figure 27. 
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Supplemental Figure 28. 
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Supplemental Figure 29. 
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Supplemental Figure 30. 
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Supplemental Figure 31. 
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Supplemental Figure 32. 
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Supplemental Figure 33. 
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Supplemental Figure 34. 
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Supplemental Figure 35. 
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Supplemental Figure 36a 
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Supplemental Figure 36b 
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Supplemental Figure 37 
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Supplemental Figure 38 
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Supplemental Figure 39 
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Supplemental Figure 40 

 

 

 

 



49 
 

References 

1.  Persikov, A.V., Y. Xu, and B. Brodsky, (2004) Equilibrium thermal transitions of collagen model 
peptides. Protein Sci. 13(4): p. 893‐902. 

 


