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Abstract: The SPOT technique is one of the most frequently used methods for synthesis and screening of peptides on arrays. Materials 

such as polypropylene and glass are used for the preparation of peptide arrays, however the most commonly used material for SPOT 

membranes is cellulose. This paper focuses on materials and procedures used in the SPOT synthesis on cellulose membranes as a special 

type of solid phase peptide synthesis. In particular, different strategies for the modification of cellulose are described which make it more 

suitable for solid-phase peptide synthesis. This review also provides a short overview of the synthesis procedures including some impor-

tant types of peptide modification. 
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1. INTRODUCTION 

The SPOT synthesis of peptides, developed by Ronald Frank 

and co-workers, was first presented at the 21st European Peptide 

Symposium in 1990 [1]. Today, this technique has become one of 

the most frequently used methods for synthesis and screening of 

peptides on arrays. SPOT synthesis is a powerful tool for screening 

solid-phase and solution-phase assays with the size of the arrays 

varying from a few peptides up to approximately 8000 peptides and 

other organic compounds [2, 3].  

Several hundred papers regarding applications of the SPOT 

method have been published to date [4-7]. The SPOT method was 

introduced as "an easy technique for the positionally addressable, 

parallel chemical synthesis on a membrane support" [8]. SPOT 

synthesis of peptides on membranes is a special type of solid phase 

peptide synthesis (SPPS) with each spot considered as a separate 

reaction vessel. Since the publication of the first full paper in 1992, 

several protocols for synthesis of peptide macroarrays using the 

SPOT technique have been presented [9-12]. This paper focuses on 

materials and procedures used in the SPOT synthesis (see Fig. (1)). 

With such large numbers of publications using the SPOT technique, 

citations mentioned here are either publications with protocols of 

distinct methods or selected examples of applications of those 

methods.  

Cellulose membranes, the most commonly used material for 

SPOT membranes, are porous, hydrophilic, flexible and stable in 

the organic solvents used during peptide synthesis. The membranes, 

in the form of filter or chromatography paper, are a very inexpen-

sive material, which makes them very useful for biochemical and 

biological studies in aqueous and organic media. However, since 

cellulose is not stable against harsh chemical conditions, the SPOT 

synthesis was developed for the milder type of the two major SPPS 

strategies, the Fmoc synthesis [13]; all protecting groups used are 

supposed to be compatible with this strategy [14, 15]. Besides cel-

lulose, other materials are used for the preparation of peptide arrays 

such as polypropylene, polyvinylidenfluoride (PVDF), glass and 

gold surfaces [16-19]. Even synthesis methods on planar surfaces 

such as compact discs [10, 20] or by using an ink-jet or laser print-

ing system [21, 22] have been described. 

2. MODIFICATION OF THE CELLULOSE MEMBRANE 

Cellulose membranes largely consist of filter or chromatogra-

phy papers. The most common types of filter or chromatography 

paper used for SPOT synthesis are Whatman 50, Whatman 540 and 
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CHR1 [23-26]. Cellulose is a polysaccharide containing free hy-

droxyl groups. These functional groups are the only groups accessi-

ble for the build-up of peptide chains on cellulose. However, since 

the hydroxyl groups are less reactive than amino groups, the cellu-

lose must be modified in order to present amino functions. The 

amino functionalization of cellulose can be achieved by different 

approaches. The first described and easiest method is the coupling 

of Fmoc protected amino acids such as Fmoc- -Ala-OH or Fmoc-

Gly-OH [7] by using activating reagents such as N,N'-

diisopropylcarbodiimide (DIC), 1,1'-carbonyldiimidazole (CDI) in 

presence of a base, e.g. N-methyl-imidazole (NMI) [27, 28]. The 

reactions lead to an ester bond between the amino acid and the cel-

lulose (see A in Fig. (2)). A more recent report suggests the use of 

1,1'-carbonyl-di-(1,2,4-triazole) (CDT) instead of CDI that could 

cause the deprotection of Fmoc-amino acids during the coupling 

reaction [29].  

Besides the esterification of cellulose membranes with amino 

acids, many publications describe the use of epibromohydrin as an 

activating reagent to introduce a reactive bromine moiety attached 

to the cellulose via an ether bond (see B in Fig. (2)). The bromine 

moiety is able to react with amines and the ether bond is stable with 

no loss of peptide observed during synthesis and probing [30]. An 

amino functionalization of the membrane can be achieved by using 

diamines [17] such as DAP (1,3-diaminopropane) [31] or TOTD 

(4,7,10-trioxa-1,13-tridecanediamine), an aminated polyethylene-3 

(PEG-3) [32, 33]. DAP modified cellulose membranes are de-

scribed as N-CAPE (N-modified cellulose 3-amino-2-hydroxypro-

pylether) membranes [30, 34], while membranes modified with 

TOTD, are referred to as trioxa or TOTD membranes [7, 35]. Un-

modified CAPE membranes can be prepared by the treatment of the 

cellulose paper with N-protected 2,3-epoxypropylamine (see C in 

Fig. (2)) [36, 37]. 

Another approach for the amino functionalization of a cellulose 

membrane is the activation of the membrane by treatment with 

tosyl chloride under common heating or microwave irradiation. The 

consecutive reaction with a diamine, such as TOTD, leads to a sta-

bile amino functionalization (see D in Fig. (2)) [38, 39].  

Several companies already offer already modified cellulose 

membranes. Specially prepared cellulose membranes with a stably 

attached aminated spacer of 8 to 12 PEG units (PEG300-500) were 

developed by AIMS (Braunschweig, Germany) and distributed by 

Intavis (Cologne, Germany) [40, 41]. In contrast to common cellu-

lose membranes, this material is stable under strong acidic and ba-

sic conditions [16].  

Often spacer molecules such as -alanine were introduced in 

order to improve the accessibility and conformational flexibility of 

the growing peptide chain on the membrane [38, 42]. As an alterna- 
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Fig. (1). Schematic process of the SPOT synthesis. 
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Fig. (2). Different methods of amino functionalization of cellulose membranes: A) Esterification of the membrane with amino acid (R = side chain, H); B) 

Treatment with epibromohydrin and subsequent reaction with 4,7,10-trioxa-1,13-tridecanediamine (left) or 1,3-diaminopropane (right) giving TODT or N-

CAPE membranes; C) Treatment with N-protected 2,3-epoxypropylamine (Prot = protecting groups Fmoc, phtaloyl), followed by deprotection to obtain CAPE 

membrane; D) Treatment with tosyl chloride and subsequent reaction with 4,7,10-trioxa-1,13-tridecanediamine giving a TOTD like membrane functionaliza-

tion. 

 

tive to -alanine, the use of -aminohexanoic acid [43] and 11-

aminoundecanoic acid [44] has been described. In order to adjust 

the density of accessible amino groups, it is possible to couple a 

solution of Fmoc- -alanine containing a distinct amount of acety-

lated -alanine [24, 45, 46]. 

Another development in SPOT synthesis is the use of 

trifluoroacetic acid (TFA)-soluble cellulose membranes. Peptides 

synthesized as a SPOT macroarray on those membranes can be 

dissolved as peptide-cellulose conjugates and transferred onto large 

number of copies of microarrays on glass slides. The re-arrayed 

spots preserve their three-dimensional architecture which allows for 

good accessibility of the cellulose-bound peptides (CelluSpots
TM

, 

Intavis AG, Cologne, Germany) [47-49]; see also chapter IV. 

3. LINKER STRATEGIES 

For experiments in solution [23, 50], for quality control [33], or 

for the preparation of peptide microarrays [51] free peptides are 

necessary. Therefore, it is required to release those peptides from 

the cellulose matrix. Two major ways are described: the cleavage of 

the peptides directly from the cellulose or the cleavage from a 

linker molecule attached to the membrane. 

If the peptide is coupled via an ester bond, the peptides can be 

cleaved by aminolysis or alkaline hydrolysis directly from a mem-

brane. Several reagents are reported, such as aqueous solutions of 

sodium hydroxide [29] or triethylamine [52], however the most 

frequently used method for releasing peptides from a membrane is 

the treatment of dry membranes with ammonia vapor [53]. For all 
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types of membranes functionalized without an ester bond to the 

cellulose, an additional modification with linker molecules is neces-

sary to yield free peptides (see Table 1) [15, 54]. If linkers were 

used it might be possible to release the peptide from the membrane 

during the final deprotection step (see Section 6.). 

A special type of ester-linkage system represented by the Boc-

Lys-Pro sequence, which in lieu of -alanine or glycine, is subse-

quently directly built up on the unmodified cellulose membrane. 

The first amino acid of the peptide sequence is coupled to the side-

chain amino group of the N -protected lysine. After final deprotec-

tion peptides can be released by forming diketopiperazines (DKPs) 

in aqueous buffers at a pH around 7.5 [15, 66]. However, DKPs can 

be biologically active and may influence the probing results [67, 

68]. 

An interesting approach is the use of linkers for the synthesis of 

cellulose-bound peptides with a free C-terminus. In these cases, the 

peptides are synthesized on scaffold, which consists of an amino 

acid with a reactive group on its side chain (e.g. glutamic acid or 

lysine) and a linker molecule. After the build-up of the peptide 

chain, a cyclization towards the additional amino acid is carried out. 

After final cleavage from the linker, the cellulose-bound peptides 

have switched their direction by presenting a free accessible C-

terminus [57, 64]. 

4. COUPLING OF AMINO ACIDS AND OTHER BUILDING 
BLOCKS 

Coupling of amino acids onto the growing peptide chain in-

volves using small volumes of solutions of activated amino-acid 

derivatives dissolved in low volatility solvents such as 1-methyl-2-

pyrrolidinone (NMP), or N,N-dimethylformamide (DMF). The 

absorption of the delivered liquid by cellulose forms spots with a 

distinct size. This size depends on the volume applied, the physico-

chemical properties of the solution, and the type of cellulose mem-

brane used [11, 54]. 

Like all other chemical peptide syntheses, SPOT synthesis is 

not restricted to the 20 common amino acids. Many publications 

have reported SPOT synthesis using D-amino acids [69], unnatural 

and phosphorylated amino acids [42, 70], or peptoidic moieties [3], 

as well as peptide nucleic acids [71], glycopeptides [61] and other 

natural product-derived building blocks [59]. 

Cellulose also shows a high thermostability of temperatures up 

to 180 °C, which opens the possibility to use cellulose membranes 

for reactions at elevated temperatures [72]. SPOT syntheses of or-

ganic compound libraries have been published [26, 62]. 

The couplings of building blocks are mostly carried out either 

by in situ activation using activating reagents, or by using pre-

activated derivatives of building blocks. The most common ap-

proach of in situ activation is the use of DIC and 1-hydroxy-

benzotriazole (HOBt) forming the corresponding HOBt esters of 

protected building blocks, which are able to react with free amino 

groups on the cellulose [40]. Some publications describe the use of 

other activating reagents in the presence of a base like N,N-

diisopropylethylamine (DIPEA) [36, 38]. For difficult couplings of 

building blocks such as phosphorylated amino acids [70], or pseu-

doproline dipeptides [73], the use of 2-Ethoxy-1-ethoxycarbonyl-

1,2-dihydroquinoline (EEDQ) seems to be favorable [63]. 

For the other major coupling strategy, the most commonly used 

pre-activated amino acid derivatives are pentafluorophenyl (OPfp) 

esters [50, 74]. Additional pre-activated amino acid derivatives 

used are 2,4-dinitrophenyl (ODNp) esters [24], and 3,4-dihydro-4-

oxo-1,2,3-benzotriazin-3-yl (ODhbt) esters [9]. Usually, activated 

solutions are delivered twice to each spot, but a delivery of solu-

tions up to four times per cycle has been reported [57]. Molina et al. 
investigated the coupling efficiency of selected activation methods 

and found a higher coupling yield using the DIC/HOBT strategy 

[75]. 

In order to reduce the number of side products caused by in-

complete coupling, remaining free amino groups can be blocked by 

acetylation after amino acid coupling (capping). The capping is 

generally performed using acetic anhydride at various concentra-

tions with or without added base like DIPEA [9, 11, 46].  

The cleavage of the amino protecting Fmoc group is most fre-

quently carried out by treatment with 20% piperidine/DMF [45, 

54]. Recently, the use of 1,8-Diazabicyclo[5.4.0]undec-7-ene 

(DBU) as Fmoc-deprotecting reagent in SPOT synthesis has been 

published [68]. 

Due to the large number of peptides on a membrane, a direct 

monitoring of all spots is not possible. The most convenient tool for 

monitoring the coupling process is staining the spots with bromo-

phenol blue after Fmoc removal [43, 76]. 

Since a large number of different peptide sequences can be syn-

thesized on a macroarray, coupling rates and yields, as well as the 

purity of the peptides may vary. SPOT synthesis of peptides is 

comparable to other SPPS methods until a length of 15 amino acids. 

Although the synthesis of longer peptides may lead to significant 

lower quality and quantity [17], peptides with 31 amino acids can 

be synthesized with purities between 40 and 85% [77]. The use of 

pseudoproline building blocks allows the synthesis of 37mers with 

up to 65% purity [73]. The reliability of the SPOT technology re-

garding coupling efficiency, peptide purity and detection was inves-

tigated by several authors [24, 37, 45]. 

Another interesting approach to synthesize large peptides is the 

combination of SPOT synthesis with native chemical peptide liga-

tion [78]. Using this technique, Toepert et al. synthesized 38-mers 

Table 1. Linker Types Used for SPOT Synthesis Including the Cleavage Methods Used to Release the Peptides from the Membrane 

 

Linker Type Cleavage Conditions C-Terminus References 

Boc-imidazol linker (Frank linker) TFA + aq. buffer free carboxyl group [55, 56] 

HMB linker ammonia gas amide [36, 57] 

Photolabile linker UV irradiation amide [32, 58, 59] 

TFA [34, 60] 
Rink-amide linker 

TFA vapor 

amide 

[61, 62] 

Hydroxymethylphenoxy linker TFA free carboxyl group [63, 64] 

ammonia gas amide [31] 
Thioether (thiol + 1

st
 amino acid coupled as bromoethyl ester) 

aq. NaOH solution free carboxyl group [31] 

Wang linker TFA vapor free carboxyl group [65] 
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by coupling pre-synthesized fragments to peptides synthesized on 

the membrane [70]. Similarly, the TASP strategy (template assem-

bled synthetic proteins [79]) was applied in order to couple peptide 

building blocks onto cyclic 10mer peptide templates synthesized on 

cellulose membranes using the SPOT technique [60, 80]. Due to the 

coupling of the peptides onto the membrane attached template, and 

the interaction between the assembled peptide chains, a highly 

structured molecule could be built. 

5. SELECTED PEPTIDE MODIFICATIONS 

The most common modification of synthesized peptides is N-

terminal acetylation that can improve the proteolytic stability of the 

peptides. N-terminal acetylation is carried out like capping by 

treatment of the protected peptide with acetic anhydride at various 

concentrations [27, 54] and often with DIPEA as a basic additive 

[69] after final Fmoc deprotection. The N-terminal amino group can 

also be used for the attachment of other molecules like fluorescence 

labels [31] or biotin [81].  

One very important modification is the cyclization of peptides. 

Most common cyclization reactions are cyclizations forming an 

amide bond [82] or a disulfide bridge [83]. Most cyclizations, like 

those by the way of forming an amide bond and thioether bridge, 

are carried out with the protected peptide using orthogonal protect-

ing groups in order to selectively remove the protection from func-

tional groups which are involved in the formation of the cyclic 

structure. The amide cyclization could be achieved similar to com-

mon coupling using an activator in presence of a base such as N-

methylmorpholine [84]. The thioether bridge is formed via a cys-

teine side chain and a bromine moiety by treatment with Cs2CO3 

[64].  Single disulfide bridges are usually formed after the side-

chain deprotection by treatment with aqueous dimethyl sulfoxide 

(DMSO) at a pH of about 7.5 [84].  

6. FINAL SIDE CHAIN DEPROTECTION METHODS 

The side chain deprotection of the peptides bound to the cellu-

lose is carried out by treatment with TFA. In contrast to other mate-

rials like polypropylene, common cellulose membranes are limited 

in treatment with high concentrated TFA [16]. The first published 

and widely applied cleavage procedure is the treatment of mem-

branes with a mixture of about 50% TFA and additional scavengers 

(e.g. water, triisopropyl- or triisobutylsilane, m-cresol, thioanisole, 

ethanedithiol) in dichloromethane (DCM) for 1 to 3 hours [15, 54]. 

But the cleavage of some protecting groups like those for arginine 

requires higher TFA concentrations. That is why several research 

groups described the use of cleavage mixtures with 80% TFA [44]. 

The optimum treatment of a common cellulose membrane is to use 

90% TFA for 30 minutes up to 1 hour and subsequent treatment 

with 50-60% TFA for another 2.5 to 3 hours [31, 74]. Under these 

conditions, the best peptide purity can be obtained [45]. The use of 

commercially available acid-stable cellulose membranes allows the 

treatment with approximately 90% TFA for 16 hours and more [16, 

46]. 

7. CONCLUSION 

The SPOT synthesis is a multiple solid-phase synthesis of large 

number of peptides. Additionally, it is a powerful tool for screening 

peptides in solid-phase as well as solution-phase assays. There are 

large numbers of publications reporting modifications of this 

method, but unfortunately due to the limited space it was not possi-

ble to refer to all of them. The synthesis chemistry is similar to 

other SPPS methods and, with the use of common filter paper, the 

SPOT synthesis is a convenient and inexpensive method of generat-

ing peptide arrays. Since the membranes are relatively stable to 

most organic and aqueous solutions, and are biocompatible, this 

method has a permanent place in the repertoire of researchers in 

chemistry and biology for the synthesis and screening of peptides. 

ABBREVIATIONS 

CAPE = cellulose 3-amino-2-hydroxypropylether  

CDI = 1,1'-carbonyldiimidazole  

CDT = 1,1'-carbonyl-di-(1,2,4-triazole)  

DBU = 1,8-diazabicyclo[5.4.0]undec-7-ene  

DCM = dichloromethane  

DIPEA = N,N-diisopropylethylamine  

DIC = N,N'-diisopropylcarbodiimide  

DKP = diketopiperazine  

DMF = N,N-dimethylformamide  

DMSO = dimethyl sulfoxide  

EEDQ = 2-Ethoxy-1-ethoxycarbonyl-1,2-

dihydroquinoline  

HATU = O-(7-azabenzotriazol-1-yl)-N,N,N ,N -

tetramethyluronium hexafluorophosphate  

HBTU = O-(benzotriazol-1-yl)-N,N,N ,N -

tetramethyluronium hexafluorophosphate  

HOBt = 1-hydroxybenzotriazole  

MSNT = 1-(2-mesitylenesulfonyl)-3-nitro-1H-1,2,4-

triazole  

NMI = N-methyl-imidazole  

NMP = 1-methyl-2-pyrrolidinone  

ODhbt = 3,4-dihydro-4-oxo-1,2,3-benzotriazin-3-yl  

ODNp = 2,4-dinitrophenyl  

OPfp = pentafluorophenyl  

PVDF = polyvinylidenfluorid  

PyBOP = (benzotriazol-1-

yloxy)tripyrrolidinophosphonium hex-

afluorophosphate  

SPPS = solid phase peptide synthesis  

TASP = template assembled synthetic protein  

TBTU = O-(benzotriazol-1-yl)-N,N,N ,N -

tetramethyluronium tetrafluoroborate  

TOTD = trifluoroacetic acid TFA; 4,7,10-trioxa-1,13-

tridecanediamine 
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