Method Optimization for N-Glycosylation Analysis: Case Study for SynCAM 1
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To optimize sample preparation strategy for detecting N-glycosylated proteins he SynCAM 1 extracellular domain were purified from stable HEK293 cell All samples were processed as depicted in Figure 4. Starting 60ug SynCAM 501-2970 w/o ConA
and to apply these parameters towards understanding the glycosylation of lines that express the protein and glycosylated it indistinguishably from brain 1 purified sample was split into 6 equal aliquot (10ug each). 4 sets were 14+
SynCAM 1. tissue. Figure 3 shows the immunoblotting results of SynCAM 1-4 expressed targeted for enzyme digestion study (dark grey box in Figure 4); and 2 sets » 830.4102
iIn HEK293 cells. Table 1 summaries the samples utilized in our experiments (light grey in Figure 4) were targeted for deglycosylation to remove glycans 575 3050 635.3280 2+
for optimization and various N-linked glycosylation analyses. for profiling glycans and protein identification. For direct injection study on 1+ 0204549 1060 E7as . 3+ HRNESS
Introduction the 9.4T FT-ICR MS instrument, all samples were C18 ZipTip prior to infusion. 459, 1450 | 12015902 13506790 A '1006.5270
From Table 1, briefly, 60ug of purified SynCAM 1 was utilized to generate 8 For online LC MS analyses carried out on the 12T FT-ICR MS instrument —
The evolving field of mass spectrometry and glycosylation has been reviewed different sample sets for analysis (4 sets of varying enzyme digestion, 2 sets of (Bruker Daltonics, Billerica, MA), the LC separation was performed with a 1+ 9591_;,230
[1,2]. Yet, despite great interest, limited efforts have been made to optimize glycans profiling from different deglycosylation method, and 2 sets of Dionex U3000 configured in capillary mode (100:1 split ratio), using a Higgins 7333921 oom e
the analysis techniques. These approaches include the use of lectin affinity deglycosylated proteins). A set of standard proteins including Fetuin (The HAISIL 300 C18, 0.32x150mm, 5, 300A column and Piccolo HAISIL 300 e I
columns, glycoprotein specific staining of 2D electrophoresis gels for composition of bovine fetuin (weight % is polypeptide 74%, hexose 8.3%, C18, 0.3x2.5mm, 5um, 300A guard column both heated to 40°C. The flow 810.4200 N n ulu v M .
glycoprotein purification followed by enzymatic digestion, and subsequent hexosamines 5.5%, and sialic acid 8.7%), a1-Acid Glycoprotein (approximately rate was set to SuL/min starting at 2%B (MeCN, 0.1% FA) and ramped to . 1+ w/ ConA oy
MALDI-Tof or FT-ICR MS analyses. Here we devised a plan to utilize several 11-12% sialic acid, 13-17% neutral hexoses,12-15% hexosamine, and 0.7- 35%B over 5 minutes followed by a slower ramp to 85%B over 40 minutes. 489.2408 960.4514 1+ 24 o B 10520373
known glycosylated proteins in a set of different protocols to evaluate their 1.5% fucose), and a mixture of ProteoProfile™ PTM Marker (Sigma) which The electrospray source was configured with a capillary (low flow) sprayer MLMMMQM@?? PV At Y (N (N A N I
effectiveness in maximizing the assignment of site(s) of glycosylation. We will contains the proteins and their PTM as shown in Table 2. optimized for positive mode. lons were detected in the 450-2500 m/z range ,, 1336.5715 S
then utilize our findings to characterize the heavily glycosylated SynCAM 1 over the 50 minutes LC run with 512K data points per MS scan. All data were 7339091 . 13316785 52435568 2+ N - |
which plays a critical role in synapse formation of neuronal network [3,4]. processed utilizing DA Analysis Software v. 3.4, online GlycoMod (Expasy), 888.1069 3? i L, 029525 N e ————— el
and MASCOT search engine. 1+ '1341.6162 1375.5841 600 800 1000 1200 1400 1600 m/z
A HEK 293 B T T 7% S 2+ 510.4201 | h Il \Illl e H|
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InStru mentathn A/ r.Mr?‘é\g&(/ My /D ’\oo-ff;:‘b 0@ Lys-C/Trypsin (digestion) CNBRI/tryptic digest (Digestion) 606?8349 b T 135§oom$ | 37094 | B0 mC/Z m/z
pod /\V\Vy\\ﬁvﬁoy (kDa) Ny QV\ -Add 10ul 8M urea/0.4M ABC -Set up CNBR cleavage the same as above J. 1138.5398 144[‘1'7115
Two FT-ICR MS system were utilized for this work. Our 9.4 Tesla Bruker Apex kDa) Lo/ 0 or 2 1] 21314 Ll S DT, T €816i98 20 il -After O/N incubation, Speedvac dry T I R 2000
. . : : . . 11 21 31 4] 5 -Add 2ul 100mM IAN, RT 20 min. in the dark -Redry 2X from 60ul water
Qe FTMS system (Figure 1a) was utilized to obtain direct infusion MS data 118 — 100 Toul water -Add 10ul 8M urea/0.4M ABC, check pH 1+
(i.e. MS and MS/MS of peaks of interests). A similar nESI source 12T FT-ICR 118 — S — SynCAM 1 -1:20 exp ratio, or 0.5ug (Sul) 0.1mg/mliLys-C added || -Add 2ul 45mM DTT, 37 degrees 20 min 861.4512 1500
. . I - - 83 — — -Incubate 37 degrees Shrs -Add 2ul 100mM IAN, RT 20 min. in the dark
MS instrument (located at Bruker Daltonics, Billerica, MA; Figure 1b) was 83 — a SvnCAM - -Add 0.5ug (5ul) 0.1mg/mi Trypsin to the sample -Add 21ul water i,
utilized in conjunction with a Dionex Ultimate 3000 LC system for online data yn S[IBLIPEIE ST CERIEES CHR N -f*dd Sutl (%6/5[3@ tr?)y?psin @ 0.1mg/m| " 596.3535 1000
dependent ETD MS/MS analyses. 48 — Endo H (deglycosylation) _ / Bl £ 468.2928
48 _ sl -Add 10ul 8M urea/0.4M ABC Starting 1+ 1+
-Add 2ul 45mM DTT, 37 degrees 20 min SynCAM1 | CNBRcleavage 1039.4933 1231.6833 D 500
-Add 2ul 100mM IAN, RT 20 min. in the dark | ,» sample “a :I\D/I':i‘é'_‘aepzag‘rm AN AR O I PO I S |
Figure 3. SynCAM proteins are prominently expressed in brain. A) HEK 293 cells A S0mU (10U B o the samola (60ug) | -Add11ul (55nmoles) of CNBR to the sample 600 800 1000 1200 1400 m/z ; 10 15 20 25 30 35 Time [min]
were transfected with expression constructs encoding full length mouse SynCAM 1 -Incubate 37 O/N / \ -Incubate O/N RT in the dark

— 4. Total cell lysates were prepared, and equal lysate fractions were analyzed by
immunoblotting (lanes 1- 4). Twenty micrograms of adult rat forebrain proteins
were analyzed as positive control (lane 5). B) SynCAM proteins are distinctly
glycosylated and prominently expressed in brain during early postnatal
development. SynCAM proteins are differentially glycosylated and equal protein
amounts were subjected to enzymatic de-glycosylation at 37°C with sialicdase to
remove sialic acids or PNGase F to remove N-linked carbohydrates. Control
samples were incubated in parallel as indicated. The numbers on the left indicate
positions of molecular weight markers. Figure obtained with permission from

Figure 6. Broadband FT-ICR MS mass spectrum of four different enzymatic
digestion of purified SynCAM-1 (non-deglycosylated). 10ug of SynCAM-1 was
utilized for each digestion of A) CNBr, B) CNBr+Trypsin, C) Lys C+Trypsin, and D)
Protease Type Xlll. Digested samples were C18 RP ZipTip clean/desalted prior to
collecting MS data. The * indicate one of the several peaks that will be targeted for
further MS/MS fragmentation experiments. Based on FT-ICR accurate mass and
GlycoMod [5] prediction, the * indicate the glycopeptide that corresponds to N63 of
the extracellular domain portion of SynCAM-1.

Figure 8. FT-ICR MS Spectral comparison for w/ (blue spectrum) and w/o (red
spectrum) ConA enrichment for alpha-1-acid glycoprotein. The lower (yellow/red)
ion map shows the complex spectral feature for on online LCMS profile of tryptic
digest of alpha-1-acid glycoprotein.

Protease Type Xlll (Digestion)

-Add 20ul 1% formic acid
-Make-up a 12mg/ml soln of Protease Type XIll|

-Add 20ul of this solution to the sample
-Incubate 2 min RT, then FREEZE sample at -80

PNGase (deglycosylation)

-Add 10ul 8M urea/0.4M ABC

-Add 2ul 45mM DTT, 37 degrees 20 min
-Add 2ul 100mM IAN, RT 20 min. in the dark
-Add 6ul water

-Add 20ul (10 units) PNGase

-Incubate O/N at 37 degrees Trypsin (digestion of “FT")

‘ -Add 10ul 8M urea/0.4M ABC
-Add 16ul water

=1 -Add 0.5ug (5ul) 0.1mg/ml Trypsin

-Incubate 37 degrees O/N

Conclusion

¢\\Ve have shown that in order to be effective at maximizing protein coverage
for N-glycosylated protein a multi digestion scheme is necessary.

Carbograph Column

1.Wash column w/ 3 X 600ul 80% ACN, /0.1% TFA, then with 2X 600ul water
2.Add 600ul water to the 40uL sample and load onto column

3. Add 600ul water on top of column, and begin collecting the “FT” (Protein)

Cleanup of eluate

4.Repeat step 4 w/ additional 600ul water and keep collecting as “FT”. -reconstitute in 50uL 0.1% FA. 1+ ) e Our predicted glycosylation site has been validated by site mutagenesis and
5.Elute the N-glycans (“eluate”) with 2X 600ul 25% ACN/0.05% TFA | _use 10uL for C18 RP ZipTip. 623.1349 0155288 ot 7 dditi | bioch aal df f | stud
_ _ Table 1: SynCAM 1 and Standard Samples utilized 6.Speedvac dry the FT and the eluate and re-dry w/ 30uL water -Elute in 20uL 60% ACN w/ 0.1% FA . d Iitiona locnemical an unctional stu y
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A PNGase treated (flowthrough) Carbograph/reduction/alkylation/tryptic digestion/C18 ZipTip Standard proteins utilized (see Table 1) were all reduced, alkylated, and tryptic | ‘ | ase- fractions. A more thorough washing step is necessary to minimize this.
( A EndoH treated (flowthrough) Carbograph/no reduction/ no alkylation/ tryptic digestion/C18 ZipTip : . - : O S T . e : : : :
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Table 2: ProteoProfile'™ PTM Marker (Sigma). Figure 5: Top Tip (Glygen Corp.) is a pipette tip with

Protein Carbohydrate Phosphate a fine slit at the bottom (slit width: 1-2 ym which Figure 7. Glycan profiling by direct infusion analyses. Direct infusion of FT-ICR References
Figure 2. lon optics of 9.4T FT-ICR MS showing the Apollo Il ESI source which _ (ng) (pmole) permits liquid tQ pass th_rough but reta!ns the_ Chromatographic MS comparison spectrum of _N-Iinked QligossachariFIes from PNQase (upper MS) 1] Morelle, W.: et al. (2006). Proteomics 6(14): 3993-4015.
provided >10X improvements in spectral signals. Note that the generated ion beam g@;gﬁ%m ngge nzge chromatographic material (20-30 pm) in the tip. edia and Endo H (lower MS) showing a multitude of positively charged ions observed. 2] David, J. H. (2009). Mass Spectrometry Reviews 28(2): 273-361.
exiting the glass capillary is 90° off axis from the remainder of the ion optics; this . 1 | 3] Biederer, T.; et al. (2002) Science 297, 1525-1531.
reduces that number of contaminations that enter into the mass spectrometer. BR'S:SS:'S nzoonoe n06n0e > 4] Fogel, A.l.; et al. (2007) J. Neuroscience 27, 12516-12530.
Typical ion accumulation time ranges from 100 to 400 ms. \am».——— Closed 5] Cooper, C.A.; et al. (2003) Nucleic Acids Res. 2003 January 1; 31(1): 511-513.
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