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VaporLIFT: On-Chip Chemical Synthesis of Glycan
Microarrays

Alexandra Tsouka, Marco Mende, Jasmin Heidepriem, Pietro Dallabernardina,
Manuel Garcia Ricardo, Tobias Schmidt, Klaus Bienert, Peter H. Seeberger,
and Felix F. Loeffler*

Laser-induced forward transfer (LIFT) of polymers is a versatile printing
method for parallel in situ synthesis of peptides on microarrays. Chemical
building blocks embedded in a polymer matrix are transferred and coupled in
a desired pattern to a surface, generating peptides on microarrays by repetitive
in situ solid-phase synthesis steps. To date, the approach is limited to simple,
heat induced chemical reactions. The VaporLIFT method, disclosed here,
combines LIFT with chemical vapor glycosylation to rapidly generate glycans
on microarray surfaces while maintaining inert, low temperature conditions
required for glycosylations. Process design and parameter optimization
enables the synthesis of a collection of glycans at defined positions on a glass
surface. The synthetic structures are detected by mass spectrometry,
fluorescently labeled glycan-binding proteins, and covalent staining with
fluorescent dyes. VaporLIFT is ideal for parallel screening of other chemical
reactions, that require inert and well-defined reaction conditions.

1. Introduction

Oligosaccharides are the most abundant biopolymers on earth,
mediating key functions in organisms.[1] Due to their structural
complexity and diversity, the understanding of their role in essen-
tial life processes is still limited compared to proteins and nucleic
acids.[2] The development of microarray technology has enabled
parallel mechanistic and functional studies in genomics and
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proteomics.[2–9] The in situ chemical syn-
thesis of nucleic acids and peptides in
the array format has revolutionized mi-
croarray production, and is meanwhile
fully automated.[10,11] However, these ap-
proaches are not compatible with glycan mi-
croarray synthesis, due to the complex syn-
thesis conditions for glycosylations, involv-
ing low temperatures and harsh chemicals.

Various methods exist for the immo-
bilization of pre-synthesized oligosaccha-
rides on the microarray format.[12] One of
the most versatile methods for microarray
fabrication is based on the synthesis of
amino-linked glycan collections, using au-
tomated glycan assembly (AGA),[13,14] fol-
lowed by covalent attachment of a termi-
nal amine on N-hydroxysuccinimide (NHS)
functionalized slides.[15] AGA has pro-
vided access to several biologically and

structurally interesting carbohydrate families of varying lengths,
substitution patterns, and complexity.[16–22] Ink-jet printing of the
synthetic glycans onto a solid support allows for high-throughput
screening of carbohydrate-binding macromolecules, such as pro-
teins, viruses, bacteria, yeast or even mammalian cells.[23–26]

Chemical synthesis of glycans via AGA produces one single
oligosaccharide at a time, making parallel on-chip synthesis of
glycans desirable, analogous to peptides and oligonucleotides.

To date, few methods for on-chip glycan synthesis of microar-
rays have been reported. Seminal work by Mrksich[27] enabled
the manual on-chip chemical synthesis of 24 different disac-
charides for subsequent enzymatic modification. On-chip enzy-
matic synthesis approaches[28,29] include the synthesis of Globo
H oligosaccharides.[28] A pH-dependent DNA linker allowed for
controlled immobilization, isolation, and purification of the gly-
can moieties at each step. These proof-of-principle methods, still
face on-chip limitations of low throughput, and availability of gly-
cosyl transferases.

The VaporLIFT method for parallel in situ chemical synthe-
sis of glycan microarrays (Figure 1) allows the parallel synthesis
of different glycans. This method combines the high-throughput
capabilities of laser-induced forward transfer (LIFT)[30] with
the vapor synthesis method (vaporSPOT) for the parallelization
of chemically demanding reactions.[31] LIFT can generate spot
patterns containing matrix-embedded chemical building blocks
(BBs) on a solid support with high precision, but is limited to
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Glucose

Figure 1. Schematic representation of the VaporLIFT process. A) Functionalization of acceptor glass slide; B) Acidic wash of the functionalized acceptor;
C) Preparation of glycosyl donor slides via spin coating. BB: building block. D) Transfer of the glycan BB in polymer matrix by LIFT. E) Computer-
controlled vapor glycosylation setup with vacuum pump, cooled reaction chamber, camera, injection and exhaust valve. F) Post-synthesis manipulation;
deprotection and validation with fluorescently labeled lectins.

robust reactions such as amide bond formation. In contrast,
the vapor synthesis method enables parallelization of tempera-
ture and moisture-sensitive chemical glycosylation reactions, but
is limited in throughput. Glycosylating agents need to be spot-
ted manually onto individual centimeter-sized membrane pieces.
Subsequently, parallel activation and glycosylation of the BBs is
achieved by reaction in a dedicated chamber, introducing an ac-
tivator vapor under controlled conditions.

VaporLIFT allows for the transfer of matrix-embedded glyco-
sylating agents onto a solid support under ambient conditions,
since the polymer matrix protects the BB from the environment.
The glycosylation is initiated after the exposure of the pattern to
the activator vapor under controlled conditions. The main obsta-
cle was the miniaturization of the vapor synthesis approach, en-
abling glycosylation of the transferred BB patterns on the solid
support, while preventing spreading. By thorough process de-
sign and parameter optimization, the synthesis of different di-
and trisaccharides on a functionalized glass solid support is pre-
sented. The synthesized structures are characterized by stain-
ing with fluorescently labeled plant lectins, covalent attachment
of dyes, and matrix-assisted laser desorption/ionization time-of-
flight (MALDI-ToF) mass spectrometry.

2. Results and Discussion

2.1. Design of Solid Support and Building Blocks for VaporLIFT
Glycosylation

The VaporLIFT synthesis (Figure 1) begins with the function-
alization of a commercially available 3d amino glass slide with
the galactopyranoside linker 1 (Scheme 1), bearing an Fmoc-
protecting group on the C-6 position. Linker 1 was synthesized
using commercially available thioglycoside 2. Glycosylation reac-
tion of thioglycoside 2 with allyl 2-hydroxyacetate,[32] promoted

by N-iodosuccinimide (NIS) and a catalytic amount of triflic acid
(TfOH), afforded derivative 3 in 57% yield. Allyl-deprotection
in the presence of tetrakis (triphenyl-phosphine) palladium(0)
[Pd(PPh3)4], afforded the targeted galactosyl linker 1 in 76% yield
(Scheme 1A).

A variety of commercially available glass slides were tested re-
garding their stability under the conditions used in carbohydrate
chemistry. Different functionalization approaches of the accep-
tor glass slide were investigated with and without spacer prior to
linker 1 attachment, to find the optimum solid support function-
alization for array synthesis and detection (see Section SE, Sup-
porting Information). After thorough investigation and optimiza-
tion, linker 1 is directly attached on specific amino-functionalized
acceptor glass slides (3d amino slides, Polyan GmbH, Germany).
Attachment of linker 1 was achieved by forming an amide bond,
while the unreacted free amino groups of the solid support were
acetylated resulting in the acceptor glass slide 4 (Scheme 1B). Af-
ter Fmoc cleavage, the free hydroxyl group on the C6-position of
the galactopyranoside linker served as nucleophile for the first
glycosylation. An acidic wash was required to remove any resid-
ual base (Scheme 1B) prior to any subsequent steps. Donor slides
were prepared by spin coating the solution of the desired glycan
BB together with a polymer matrix (Figure 1C).

Perbenzoylated trichloroacetimidate mannose (Man) building
block 6[33] was selected to develop VaporLIFT, since disaccha-
ride product 7 (Scheme 1C) can be detected via fluorescently la-
beled lectin Concanavalin A (ConA) following laser transfer, gly-
cosylation, and deprotection of the permanent benzoyl protecting
groups. Benzoyl groups were chosen for hydroxyl group protec-
tion, as they are more stable than acetate esters during glycosy-
lation reactions. An anomeric trichloroacetimidate leaving group
can be obtained in high yield and stereoselectivity, requiring only
catalytic amounts of a Lewis acid for activation during glycosyla-
tion. The donor slide bearing glycosyl donor 6 was placed on top
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Scheme 1. A) Synthesis of building block 1 for surface functionalization. Reagents and conditions used: i) allyl 2‒hydroxyacetate,[32,34] NIS, TfOH,
anhydr. dichloromethane (DCM), −20 °C, 1.5 h, 57%; ii) Pd(PPh3)4, AcOH, THF, rt, overnight, 76%. B) Functionalization of the acceptor glass slide 5.
Reagents and conditions used: i) attachment of linker 1, DIC, HOBt, anhydr. DMF, rt, overnight; ii) 10% Ac2O, 20% DIPEA in DMF (v/v), rt, 30 min (×
2); ii) 10% Ac2O, 2% MsOH in DCM (v/v), rt, 30 min (× 2); iv) 20% piperidine in DMF(v/v), rt, 20 min; v) acidic wash using 0.5% TMSOTf in DCM (v/v),
rt, 1 min. C) Reference reaction for the optimization of the VaporLIFT process. Reagents and conditions used for the synthesis of 7: i) laser transfer of
building block 6; ii) glycosylation; iii) deprotection of the ester protecting groups using NaOMe in MeOH.

of the acceptor slide 5 and mounted for a gradient laser trans-
fer inside the laser synthesizer. After vapor glycosylation, each
slide was washed, deprotected overnight in a basic solution, and
stained with ConA to visualize the product.

2.2. Optimization of VaporLIFT

The robotic LIFT synthesis of peptide microarrays[35] follows
the Fmoc-based solid phase peptide synthesis developed by
Merrifield,[36] where coupling of the transferred building blocks
is achieved by heating to 95 °C for 10 min. After washing, cap-
ping, and deprotection, the next building block layer can be cou-
pled. These conditions are incompatible with the chemical syn-
thesis of carbohydrates. Initial vapor glycosylation of the trans-
ferred mannose building block 6 failed, when using the previ-
ously reported vapor glycosylation setup and conditions.[31] We
hypothesized that this failure was a result of the glass vapor gly-
cosylation chamber and the limited cooling capacity of the air-
cooled thermoelectric element. The glass wall shields the glass
solid support and prevents direct cooling. To overcome this prob-
lem, we designed a larger and more powerful reaction chamber
(Figure 1C; Section SF, Figures S5 and S6, Supporting Informa-
tion) to contain a full microscope slide (2.5 × 7.5 cm2). A 7.5 ×

7.5 cm2 metal cooling plate was implemented for direct thermal
contact to a more powerful water-cooled thermoelectric element
in a chamber. A window in a heatable lid, preventing undesired
condensation, enables observation of the vapor process (Section
SF, Videos S1 and S2, Supporting Information). Screening vari-
ous parameters in numerous model glycosylation reactions in the
new setup showed first successful glycosylation results (Figure
S4, Supporting Information), but showing large reproducibility
issues with strong diffusion, deformation, and spreading of the
desired patterns.

Throughout the technical and chemical optimization of the Va-
porLIFT method, an empirical fluorescence-based approach was
implemented. Since the aromatic protecting groups fluoresce, a
fluorescence scanner was used to validate the acceptor function-
alization as well as the successful laser transfer and pattern sta-
bility during and after the VaporLIFT process (see Section SP,
Supporting Information).

Many different parameters had to be controlled for the va-
por generation, requiring argon bubbling through 1 mL of
temperature-controlled activator solution. To simplify vapor gen-
eration, prior to the injection of the activator solution, the re-
action chamber was evacuated under high vacuum by connect-
ing to the Schlenk line. The activator solution was evaporated
and eventually condensed on the solid support, initiating the
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glycosylation. Different amounts of activator solution and sy-
ringes were tested. Precise injection of 30 μL of activator solution
with a Hamilton syringe resulted in improved results, but still
showed some pattern deterioration. We found that the vacuum
slowly dissipated uncontrollably from the chamber after discon-
necting the high vacuum. Delayed injection after evacuation im-
proved the results further, but was difficult to control. For more
precise pressure control a vacuum pump was included in the fi-
nal technical setup (Figure 1E).

For method development, chemical parameters were thor-
oughly optimized. Initially, different vacuum pressures (50, 100,
and 200 mbar, see Section SH, Supporting Information) were
evaluated under the same glycosylation conditions. The vacuum
was applied to the system, while the reaction chamber was cooled
to −5 °C. The glycosyl donor was activated by injecting 30 μL
of 20% TMSOTf in DCM, which was maintained at −5 °C for
30 min. After completion, the remaining condensate was re-
moved from the glycosylation chamber under high vacuum and
the temperature increased to 30 °C. An inverse correlation of
pressure and amount of vapor condensing on the slide was ob-
served with the camera and confirmed by evaluation of the lectin
staining result. Under higher vacuum (50 mbar), more vapor con-
densed on the slide, leading to migration and deterioration of the
transferred patterns. Vapor glycosylation under lower vacuum
(200 mbar) was unsuccessful, since too little vapor condensed
to initiate the glycosylation, while at 100 mbar, the transferred
pattern was most consistent. This value was chosen for further
optimizations.

Next, three different amounts of activator solution were in-
jected (60, 70, and 100 μL; Section SH, Supporting Information).
A 70 μL injection showed optimum stability of the transferred
pattern, whereas the other amounts resulted in high background
noise or no distinguishable pattern.

As described above, the temperature was maintained at ‒5 °C
for 30 min and afterward, the temperature was rapidly increased
to 30 °C. While the starting temperature of −5 °C was already op-
timal, instead of maintaining the temperature at ‒5 °C for 30 min,
we investigated heating gradients from ‒5 to 30 °C, directly after
injection (1 or 7 °C min−1; Section SH, Supporting Information).
The slow temperature gradient resulted in pattern deterioration,
while the faster gradient significantly increased the fluorescence
signal and pattern stability.

In addition, the concentration of the activator solution was in-
vestigated. Glycosyl trichloroacetimidates require only catalytic
amounts of activator for activation. Despite the intense fluores-
cence signal obtained using 20% TMSOTf in DCM (Section SH,
Supporting Information), it was necessary to reduce the amount
of Lewis acid used to minimize potential side reactions, while
ensuring sufficient activation of the glycosylating agent. Five dif-
ferent concentrations of activator (5%, 10%, 15%, and 20%) in
DCM were tested. Using 5% TMSOTf in DCM, no successful gly-
cosylation was observed, while 10% and 15% resulted in similar
fluorescence intensities upon lectin staining. Thus, 10% was suf-
ficient for activation of the building block.

Different building blocks and polymer concentrations were
investigated for cost-effective donor slide preparation. Reducing
both, the amount of glycosylating agent and polymer matrix, re-
sulted in only slightly lower fluorescence intensities (Section SH,
Supporting Information). To ensure protection of the BB by a suf-

ficiently thick polymer layer from the heat generated during LIFT
and environmental moisture, 5 mg of BB 6 were mixed in 25 mg
of polymer matrix in 500 μL DCM for one donor slide.

For lectin staining, deprotection of the benzoyl groups with
sodium methoxide and potassium carbonate in methanol was in-
vestigated. Sodium methoxide was selected, since the low solu-
bility of potassium carbonate in methanol results in scratches on
the functionalized glass surface (see Figure S4, Supporting In-
formation). Validation of disaccharide 7 was accomplished after
selective staining with fluorescently labeled ConA (red fluores-
cence channel, excitation 635 nm). The final lectin concentration
for staining was reduced to 20 μg mL−1. All further studies were
performed under the optimized conditions (Figure 2).

2.3. Validation by Mass Spectrometry

Encouraged by the reproducible synthesis and detection of dis-
accharide 7 patterns via ConA, product validation by mass spec-
trometry (MS) via two different approaches was explored: glyco-
sylation in solution on the glass solid support (Scheme 2A; Sec-
tions SJ and SK, Supporting Information) and via laser trans-
fer (Scheme 2B) in our custom-built vapor setup under the opti-
mized conditions. First, a commercial photocleavable linker (see
Section SE, Supporting Information) was covalently attached via
amide bond to the slide prior to linker 1 and glass slide 8 was
subjected for in solution glycosylation under inert conditions in
a glass chamber (Figure S8, Supporting Information) using ex-
cess mannopyranoside 6. Detection of disaccharide product 9
was achieved after cleavage under UV-light irradiation (365 nm)
and analysis by MALDI-ToF MS. For direct glycosylation without
prior attachment of a sugar moiety on the solid support, another
photocleavable linker was synthesized,[31] and covalently attached
to the amino-functionalized glass slide (Section SE, Supporting
Information). Acceptor slide 10 was glycosylated after transfer of
glycosylating agent 6 over the entire acceptor slide, followed by
vapor glycosylation. The result was validated by in situ MALDI-
ToF MS on the glass slide for the detection of monosaccharide
11. Further characterization of the compounds was not possible
due to low yield from the solid support (Section SK, Supporting
Information).

2.4. Parallel VaporLIFT Synthesis

To show the versatility of the vapor glycosylation, simultane-
ous glycosylation reactions of different glycosylating agents on
the same solid support were investigated. A collection of BBs
was synthesized, either following established protocols (12, 13,
15‒20)[31,37–39] or prepared from commercially available pre-
cursors (Figure 3A; Section SD, Supporting Information, for
mannopyranoside 14). Each BB contains permanent protecting
groups such as benzyl ethers, benzoyl esters, as well as tempo-
rary Fmoc and Lev protecting groups to identify candidates for
chain elongation with good glycosylation efficiency.

Ten different donor slides bearing building blocks 6 and 12‒20,
were prepared for the parallel synthesis and transferred on sub-
strate 5 in a gradient pattern, varying the lasing power and du-
ration with our automated system.[35] Lasing parameters were in
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Figure 2. Optimized VaporLIFT parameters. A) The microarray is functionalized with a linker containing a glycosyl acceptor. B) The donor slide is
prepared with 5 mg BB in 25 mg polymer. C,D) The pressure in the glycosylation chamber is set to 100 mbar and 70 μL of 10% TMSOTf in DCM is
injected, while the heating starts from −5 to 30 °C with a rate of 7 °C min−1. E) Deprotection of the protecting groups is performed in NaOMe in MeOH,
and fluorescent-lectin staining with 20 μg mL−1 ConA. F) Screening of the formed dimer 7 via fluorescent scan.

the range of 110–190 mW and 21–25 ms per spot, with a spot
density of 100 cm−2. Perbenzoylated mannose building block 6
was used as a positive control and building block 13 as a neg-
ative control, bearing permanent benzoyl protecting groups on
the C-3 and C-4 positions. The ester and carbonyl protecting
groups (-Bz, -Fmoc, -Lev) can be readily removed under basic
conditions for lectin recognition. A single simultaneous vapor
glycosylation on the functionalized glass slide with mannopy-
ranosides 6, 12‒15, followed by deprotection and ConA stain-
ing, showed successful synthesis of disaccharide 7. Promising
candidates were identified for chain elongation, while repetition
of the glycosylation process (double coupling) was required for
BBs 12 and 15 for successful staining. Glycosyl imidate 14 was
identified as a good candidate from the first glycosylation cycle
and double glycosylation was not required. However, mannopyra-
noside 13 unexpectedly gave a positive fluorescence signal, lead-
ing to the consideration that the used 10% TMSOTf in DCM so-

lution might be too acidic, potentially leading to acidic cleavage
of the benzyl groups (Figure 3B). Despite the successful glyco-
sylation observed for the synthesized mannopyranosides, lectin
staining reproducibility issues were encountered with glucopyra-
nosyl imidates 16 and 17. For these two BBs, single and double
glycosylation cycles were implemented. However, after acceptor
glass slide 21 was subjected to deprotection, no ConA staining
was observed (Figure 3B). Therefore, we followed a covalent val-
idation approach as detailed in the next section. For the termi-
nal galactopyranoside BBs 18‒20, after single glycosylation and
Ricinus communis agglutinin‒I (RCA‒I) staining, galactopyra-
noside dimer 22 and the trisaccharide 23 were not recognized by
the lectin. Repetition of the glycosylation cycle, deprotection and
staining of the formed structures with the same lectin showed
that all target structures can be successfully recognized by the
lectin(s). Future investigations into repetitive glycosylations will
have to rule out potential side products and may require further

Scheme 2. A) Glycosylation reaction in solution under inert conditions on acceptor glass slide 8, functionalized with a photocleavable linker. Disaccharide
9 was characterized by MALDI. Reagents and conditions: i) Man 6 (30 mg), TMSOTf, DCM, −15 °C to rt, 30 min; ii) cleavage under UV-light irradiation
(365 nm), 30 min prior to MALDI detection. B) VaporLIFT synthesis of monosaccharide 11 using the optimized conditions on a functionalized acceptor
slide 10. Monosaccharide 11 was detected by in situ MALDI. Reagents and conditions: i) Man 6 transferred via laser transfer on the glass solid support;
ii) vapor glycosylation reaction, 10% TMSOTf in DCM, −5 °C to 30 °C, 30 min; iii) direct detection via in situ MALDI.
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Figure 3. A) Synthesized building blocks for VaporLIFT synthesis. B) Parallel VaporLIFT synthesis of disaccharides 7, 22 and trisaccharide 23, synthesized
from mannosyl 6, 12‒15, galactosyl 18‒19, and lactosyl donor 20, respectively. Screening of the synthesized structures achieved with their corresponding
fluorescently labeled plant lectins (ConA staining represented in red and RCA-I staining in green). Disaccharide 21 was not detected after glycosylation
with 16 and 17 and staining with ConA (17 was validated by covalent dye staining). Reagents and conditions: i) laser transfer, laser power 110–190 mW,
pulse duration 21–25 ms; ii) vapor glycosylation, 10% TMSOTf in DCM, vacuum 100 mbar, −5 °C to 30 °C, 30 min; iii) NaOMe in MeOH, rt, overnight;
iv) ConA (20 μg mL−1) and RCA-I (10 μg mL−1) staining; Scanning parameters: 635 nm excitation, Photomultiplier (PMT) gain 600, pixel size 5 μm for
ConA and 532 nm excitation, PMT gain 400, pixel size 5 μm for RCA‒I.

optimization of activator concentration. These results demon-
strate that the method is compatible with more complex glyco-
sylating agents in the future (Figure 3B).

Finally, to further validate the VaporLIFT glycosylation ap-
proach and to overcome reproducibility issues in lectin stain-
ing, glycosyl imidates 12, 17, and 19, bearing the same leav-
ing groups and temporary Fmoc-protecting group, were glyco-
sylated in parallel on-chip using the already optimized condi-
tions. Fmoc-deprotection was followed by Steglich esterification
between the free hydroxy group of the C-6 position and a Fmoc-
propargylglycine. The successful glycosylation and esterification
reaction of all used building blocks was detected via covalent
bond formation between the synthesized structures and a flu-
orescent dye using copper-catalyzed azide-alkyne cycloaddition
(CuAAC) as reported in the literature[41,42] (see Section SM, Sup-
porting Information). In addition, to verify the versatility of our
vaporLIFT method, two additional glycosyl phosphate building
blocks were synthesized for direct labeling via CuAAC and amide
bond formation[35] respectively. Staining with the corresponding
fluorescent dyes (TAMRA-azide and DyLight 633-B2 NHS ester)
revealed a successful glycosylation of both building blocks on
chip (see Sections SN and SO, Supporting Information).

3. Conclusion

The VaporLIFT method was developed for on-chip parallel chem-
ical synthesis of glycans under inert and temperature-controlled

conditions. A custom-built vapor glycosylation setup was de-
signed and process parameters were optimized. We investigated
the laser transfer parameters, the required vapor glycosylation
conditions, and developed an efficient deprotection protocol, to
ensure successful glycosylation and detection, while maintain-
ing the desired pattern. The VaporLIFT method is the first paral-
lel on-chip chemical synthesis of oligosaccharides automatically
maintaining low temperature for stereochemical control in an in-
ert environment. Detection and validation of the glycan products
was performed by mass spectrometry, non-covalent lectin stain-
ing, and covalent staining via fluorescent dyes.

Further optimization of this method, including other BBs
and leaving groups, will lead to more complex and branched
structures, with different protecting groups, opening a path to
high-throughput synthesis of O- and N-glycans or glycopeptides
on-chip.

The use of an automated laser-based synthesizer[35] and the
newly developed hematite absorber for donor generation[40] can
further increase parallelization, accelerating the screening of
multiple biomolecular interactions.

4. Experimental Section
Preparation of Donor and Acceptor Slides: Donor Slide: Microscope

glass slides (Marienfeld Superio, Germany; size 76 × 26 × 1 mm, ground
edges, pure white glass) were covered on one side with self-adhesive poly-
imide foil (Kapton, DuPont, USA, CMC Klebetechnik GmbH, Germany;
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thickness of polyimide layer approximately 25 μm, thickness of glue layer
approximately 45 μm). A thin layer of the transfer material was placed on
top of the polyimide foil by spin coating (80 rps, Schaefer Technologie
GmbH, Germany; KLM Spin Coater SCC-200). All spin coating solutions
were prepared in the same way. Glycosyl donors (5.00 mg), and inert poly-
mer matrix (25 mg) (SLEC PLT 7552, Sekisui Chemical GmbH, Germany)
were dissolved in dichloromethane (DCM) (500 μL), resulting the spin
coating solution.

Acceptor Slide: The 3D-Amino glass slides (according to vendor 1–
5 nmol cm−1) were obtained from PolyAn GmbH, Berlin, Germany. For
in situ chemical synthesis slides were functionalized for lectin screening
with one galactopyranoside BB while for MALDI-ToF two different func-
tionalizations were acquired a) with a commercially available photocleav-
able linker and the galactopyranoside BB and b) with a photocleavable
linker for direct glycosylation. For further information, please see Support-
ing Information.

Laser Transfer Parameters: For Process Optimization: A laser scanning
system with 488 nm wave-length and 120 mW maximum output power
was used,[41,42] with a laser focus diameter of ≈20 μm. A laser power of
80 mW with a pulse duration range of 20–27.5 ms was applied for the
optimization experiments.

For VaporLIFT Glycosylation: A laser scanning system with 488 nm wave-
length and 120 mW maximum output power was used,[41,42] with a laser
focus diameter of ≈20 μm. A laser power of 80 mW with a pulse duration
range of 20 ms was applied.

For Parallel Synthesis: For the array synthesis, a spot pitch of 1 mm was
used. A laser scanning system with 405 nm wavelength and 210 mW max-
imum output power with a laser focus diameter of 50 μm was used.[35]

The automated transfer of the donor slides to the acceptors, placed in the
slide holder with a robot with 20 μm precision. A laser gradient from 110
to 190 mW was applied with a pulse duration range of 20–25 ms.

Laser Transfer System for Method Optimization: The laser system con-
sists of a 200 mW TOPTICA iBeam smart 488-S laser with a wavelength
of 488 nm (TOPTICA Photonics, AG, Gräfelfing/Bayern, Germany), which
is passed through a 1:10 beam expander and a Racoon 11 laser scanning
system (ARGES GmbH, Wackersdorf/Bayern, Germany), equipped with
an f-Theta lens (S4LFT5110/322, Sill Optics GmbH, Wendelstein/Bayern,
Germany). High quality laser transfer with reproducible 60 results at var-
ious positions is achieved with scanning the laser beam in a 66 mm ×
66 mm plane. The acceptor slide in the lasing areas was aligned with three
mechanical springs and a vacuum mechanism.[41]

Laser Transfer System for Parallel Synthesis: The lasing system con-
sists of a 405 nm wavelength diode laser with a Gaussian beam pro-
file and a maximum of 300 mW power (iBeam smart 405-S, TOPTICA
Photonics AG), lead through a laser scanning system (intelliSCAN III
10, SCANLAB), linked to an f-theta- lens (JENar 170-355-140, JENOP-
TIK Optical Systems GmbH). The measured maximum power in the las-
ing area is 210 mW. Transport of donor slides between the slide holder
and the lasing area is achieved with a KUKA AGILUS six KR 3 R540
robot (KUKA AG), with 20 μm precision. A robot tool, a gripper (with
four 2 mm diameter rubber suction cups) is incorporated connected to a
pneumatics system that initiates and releases vacuum for transportation.
Within the lasing area, simple pressure is produced to ensure mechan-
ical alignment, controlled by the pneumatics system. A strong vacuum
(−80 kPa) suction is applied to keep the acceptor slide in place during the
process.[35]

Vapor Glycosylation Setup: The optimized vapor glycosylation setup
(Figure 1C) consisted of six components: a reaction chamber; a Hamil-
ton syringe; a vacuum pump (PC 3001, VARIO, Vacuubrand GmbH & Co
KG, Wertheim, Germany); two valves; a camera to visualize the deposition
of the activator solution, and a computer system for temperature regula-
tion of the glycosylation chamber. The temperature is ensured inside and
on top (lid) of the chamber by a software installed on a computer. The
two valves provide control over the atmosphere inside the setup. The left
one is responsible for the applied vacuum from the vacuum pump and
the right one for the atmosphere inside the setup after the completion of
the glycosylation reaction (air, high vacuum and argon from the Schlenk
line). The vapor of the activator solution is formed after injection of the de-

sired amount via a Hamilton syringe. The progress of the entire process
is visualized through a window in the lid by a camera placed on top of the
reaction chamber, which is connected with the control software. Further
details about the technical characteristics of our custom-built setup, the
temperature profile and the regulation system can be found in Supporting
Information.

General VaporLIFT Process: The laser transfer and the oligosaccha-
ride synthesis was conducted as previously reported in the literature for
peptides.[30,35,41,42] The process begins with the preparation of different
glycosyl donor slides that are readily prepared by spin coating a solution
of polymer matrix and glycosyl donor BB onto the polyimide absorbing foil
(Kapton) on microscope glass slides. For the patterning process, a donor
slide bearing the desired glycosyl donor is placed on top of a functional-
ized acceptor slide and a focused laser transfers the desired number of
spots (every spot consists of glycosyl donor-solid polymer matrix) from
the donor to the acceptor. The polyimide foil absorbs the laser energy and
it heats up leading to each expansion. Eventually, the expanding polyimide,
touched the surface of the acceptor slide, transferring of nanometer thin
spots. The transfer is repeated with different donor slide in different de-
fined positions. Afterward, the acceptor slide is placed into our vapor gly-
cosylation setup (see respective section) and cooled to −5 °C while evac-
uated to 100 mbar (≈30 min). To initiate the vapor glycosylation, 70 μL of
10% TMSOTf-DCM solution were injected, and the temperature was in-
creased from ‒5 to 30 °C (7 °C min−1 temperature ramp rate). Upon com-
pletion, the acceptor slide is washed, removing unreacted glycosyl donor-
residual polymer, and hydrolyzed glycosyl donor. The glycosylation reac-
tion can be repeated for increased coupling yield and to minimize deletion
sequences. Then, deprotection of the permanent benzoyl ester groups is
achieved with NaOMe and the result can be screened via fluorescent la-
beled lectins.

Synthesis of Glycosyl Donor BBs: Glycosyl donor 14 was prepared from a
commercially available precursors as reported in Supporting Information,
while all remaining glycosyl donors (6, 12, 13, 15‒20) where synthesized
following already established protocols.[31,33,37–39]

Plant Lectin Assay: Before lectin staining, acceptor slides were incubated
with a blocking buffer for 30 min (Rockland, USA; blocking buffer for flu-
orescent western blotting MB-070). Fluorescently labeled plant lectins,
Concanavalin A (ConA; CF633 ConA, Biotium, Inc., USA) was diluted
to 20 μg mL−1 in lectin buffer (50 mm HEPES, 100 mm NaCl, 1 mm
CaCl2, 1 mm MnCl2, 10% blocking buffer, 0.05% Tween 20, pH 7.5),
and Ricinus communis agglutinin I, (RCA-I, Rhodamine labeled, Lectin
kit 1, Vector laboratories, USA) was diluted to 10 μg mL−1 in lectin
buffer and incubated for 1 h at rt. Subsequently, each stained well was
washed with PBS-T buffer (3 × 3 min). Then, the acceptor slide was
rinsed with Tris buffer (1 mm Tris-HCl buffer, pH 7.4) to remove all the
remaining salt residues, and dried by a jet of air. Fluorescence scan-
ning was used to detect the lectin binding on the corresponding sugar
moieties.

Fluorescence Scan: Molecular Devices microarray scanner, GenePix
4000B, San Jose, USA, was used for the screening of the obtained oligosac-
charides. The detection wavelength was 𝜆 = 523 nm (for Rhodamine RCA-
I, TAMRA-azide), with photomultiplier (PMT) gain of 500, and 𝜆 = 635 nm
(for CF633 ConA, DyLight 633-B2 NHS ester), with PMT gain 600. The
laser power was 33% for every measurement and the pixel size was 5 μm
for high-resolution scans.

MALDI-ToF Mass Spectrometry: Mass spectra were obtained from a
MALDI-ToF autoflexTM (Bruker) instrument. For in-situ/direct MALDI, the
slide was placed on a MTP-TLC adapter obtained from Bruker. On the
edges between the slide and the adapter small pieces of (≈1 cm2) of alu-
minum (3m, aluminum foil tape 425, silver, 75 mm × 55 m, 0.12 mm)
and copper foil tape (True Components, 20 m × 50 mm) were placed to
increase the conductivity.

Supporting Information
Supporting Information is available from the Wiley Online Library or from
the author.
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