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ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC
ATGAGATTTCCTTCAATTTTTACTGCTGTTTTATTCGCAGCATCCTCC

GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG
GCATTAGCTAAGGAGAGTAGAGCTAAAAAGTTCCAACGTCAACATATG

ATGAAAGAATCTCGTGCTAAAAAATTCCAGCGTCAGCATATG

ATGAAAGAATCTCGTGCTAAAAAATTCCAGCGTCAGCATATG

GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GATTCCGACTCCTCTCCATCTTCATCTTCCACATATTGTAATCAAATG
GACTCTGACTCTTCTCCGTCTTCTTCTTCTACTTACTGCAACCAGATG
GACTCTGACTCTTCTCCGTCTTCTTCTTCTACTTACTGCAACCAGATG

Aglycosylated GIn codons in red
ATGAGAAGGAGAAATATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAAATATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAAATATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAcagATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAAATATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAcagATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAcagATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGAGAAGGAGAcagATGACCCAAGGTCGTTGTAAACCTGTTAATACG
ATGCGTCGTCGTAACATGACTCAGGGTCGTTGCAAACCGGTTAACACT
ATGCGTCGTCGTcaaATGACTCAGGGTCGTTGCAAACCGGTTAACACT
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TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTTGTGCACGAACCATTGGTGGACGTACAGAACGTTTGCTTCCAAGAG
TTCGTTCATGAACCGCTGGTTGACGTTCAGAACGTTTGCTTCCAGGAA
TTCGTTCATGAACCGCTGGTTGACGTTCAGAACGTTTGCTTCCAGGAA

AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTAATTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTAATTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTcaaTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTAATTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTcaaTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTAATTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTcaaTCC
AAAGTCACATGTAAAAATGGACAAGGTAATTGCTACAAGAGTcaaTCC
AAAGTTACTTGCAAAAACGGTCAGGGTAACTGCTACAAATCTAACTCT
AAAGTTACTTGCAAAAACGGTCAGGGTAACTGCTACAAATCTcagTCT

TCAATGCATATCACAGACTGTCGTCTGACTAATGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTcagGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTAATGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTAATGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTcagGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTcagGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTAATGGAAGCAGATACCCC
TCAATGCATATCACAGACTGTCGTCTGACTcagGGAAGCAGATACCCC
TCTATGCATATCACTGACTGCCGTCTGACTAACGGTTCTCGTTACCCG
TCTATGCATATCACTGACTGCCGTCTGACTcaaGGTTCTCGTTACCCG

AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGTGCATACAGAACTTCTCCAAAGGAAAGGCACATTATCGTTGCT
AACTGCGCTTACCGTACTTCTCCGAAAGAACGTCATATCATCGTTGCT
AACTGCGCTTACCGTACTTCTCCGAAAGAACGTCATATCATCGTTGCT
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TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGTGAGGGTTCACCTTATGTCCCTGTTCATTTTGATGCCTCGGTGGAA
TGCGAAGGTTCTCCGTACGTTCCGGTTCATTTCGACGCTTCTGTTGAA
TGCGAAGGTTCTCCGTACGTTCCGGTTCATTTCGACGCTTCTGTTGAA

GATAGCACT
GATAGCACT
GATAGCACT
GATAGCACT
GATAGCACT
GATAGCACT
GATAGCACT
GATAGCACT
GACTCTACT
GACTCTACT

Figure S1. DNA sequences that encode the proteins used in this work. DNA that encodes a leader
sequence is in a gray box. The codon for the initial amino acid of each mature protein is in bold

typeface.
Substitution Forward (5'—3’) Reverse (3'—5’)
Q34N GAGAAATATGACCCAAGGTCGTTGTAAA ACATTAGTTTACTACTCTTCCTCTTTATACT
Q76N GAGTAATTCCTCAATGCATATCACAGACTG CCTGTTCCATTAACGATGTTCTCATTAAGG
Q88N TCGTCTGACTAATGGAAGCAGATACCCCAA GAGTTACGTATAGTGTCTGACAGCAGACTG

CTGTGCATAC ATTACCTTCGTC

Figure S2. Oligonucleotides used for site-directed mutagenesis. To effect the Q34N substitution,
the CAG codon CAG codon of GIn34 was replaced with an AAT codon (underlined) of asparagine
(reverse complement shown in bold). To effect the Q76N substitution, the CAA codon of GIn76
was replaced with an AAT codon (underlined) of asparagine (reverse complement shown in bold).
To effect the Q88N substitution, the CAG codon of GIn88 was replaced with an AAT codon
(underlined) of asparagine (reverse complement shown in bold).
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Figure S3. Amino acid sequences of the proteins used in this work. Leader sequences are in a
gray box. Asparagine-to-glutamine substitutions are indicated in red typeface.
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Figure S4. Zymogram of human RNase 1 glycoforms. Conditioned medium from P. pastoris
cultures were evaluated for ribonucleolytic activity. Macroheterogeneity was observable in
N-glycosylated samples as additional bands.

aglycosylated (3) B NNN from E. coli B QQN from P, pastoris
B QQQ from E. coli E NQN from P. pastoris
2000 1 Ml QQQ from P. pastoris Bl NNN from P. pastoris
2 glycans
1500
1 glycan
1000
3 glycans
500 gy
A
P': 1
| J""Wm
h ‘M -“4"““ Yen L
| 4 o |1n .. [
) el NI AL e LT e ambergi -
14000 15000 16000 17000 18000 19000 20000 21000 22000 23000
miz

Figure S5. Representative MALDI-TOF mass spectra of human RNase 1 glycoforms.
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Figure S6. Deconvoluted ESI mass spectra of human RNase 1 glycoforms. Each D-mannose unit
has a mass of 162.05 Da. The mass of the lightest glycoform is listed in Table 1.
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Figure S7. SDS-PAGE gels showing the phosphorylation of human RNase 1 by P. pastoris.
Representative RNase 1 glycoforms as well as a phosphorylated pepsin standard were subjected
to electrophoresis in a polyacrylamide gel (15% w/v) and visualized by staining for either
phosphorylated proteins with Pro-Q™ Diamond phosphoprotein gel stain (A) or total protein with

Coomassie blue (B).
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Figure S8. Native gel showing cleavage of a double-stranded RNA by RNase 1 glycoforms. The
substrate i1s a DNA hairpin containing a single RNA residue (red) and a fluorophore (green) at its
5" end. The gel was visualized for fluorescence (A) and for total nucleic acids with SYBR Gold

(B).

Residue Number
14134135/60/62168/76/80/85/88191103
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Figure S9. Putative N-glycosylation sites in human ptRNases 1-8. Circles indicate an asparagine
residue within an N-glycosylation sequon. The neighbor-joining phylogenetic tree is adapted from
ref. 1 and shows bootstrap values >50. The sequon positions are adapted from ref. 2 and are aligned
with the sequence for human RNase 1.
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