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CHAPTER 1 

INTRODUCTION AND BACKGROUND 

1.0 OVERVIEW 

Cancer, the rampant growth and invasion of abnormal cells in the body, is one of 

the leading causes of death not only in the United States but also worldwide. Colon 

cancer ranks as the third leading cause of death for both men and women. Whereas, 

prostate cancer is the second leading cause of death from cancer in men, here in the 

States. It is a well-known fact that the early diagnosis is a paramount for an optimal 

patient outcome. Post-translational modifications causing an advent of abnormal changes 

in glycosylation during the onset and progression of the disease, is a cancer hallmark. 

This anomalous glycosylation allows several glycans to serve as biomarkers. This chapter 

will shed some light upon the current cancer diagnostics and the necessity for the new 

ones. It will then discuss how polymeric boronic acid-peptide conjugates: also known as 

synthetic lectins (SLs) develop as glycan sensors. Later, how an array of such cross-

reactive sensors are useful in designing a novel cancer diagnostic.  

1.1 COLON AND PROSTATE CANCER STATISTICS 

Cancer is one of the leading causes of morbidity and mortality worldwide, with 

approximately 14 million new cases in 2012.1 American Cancer Society estimates that 

there will be 1,688,780 new cases of cancer and reports 600,920 deaths in the year 2017. 

2 In the United States, Colorectal cancer is the third deadliest in both sexes and prostate
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 cancer is the second deadliest of the cancers in men. In 2017, there will approximately 

50,000 deaths and 27,000 deaths due to colorectal and prostate cancer respectively.2 

1.2 COLORECTAL AND PROSTATE CANCER DETECTION AND DIAGNOSIS 

WHO funded International Agency for Research on Cancer establishes that cancer 

mortality can reduce, provided there is an earlier detection and treatment available. 

Approximately 30-50% percent of cancers are preventable through screening and early 

detection strategies. There is a high five-year survival rate in case of colon cancer of 90% 

when the diagnosis reports the disease is localized within the bowel walls (Stage I). The 

rate of survival plummets to 68%, once cancer metastasizes in to the lymph nodes (stage 

III): thus necessitating early detection.3  

There are some non-invasive colorectal cancer screening techniques too (gFOBT, 

FIT, stool DNA test), which look for blood in the stools, collectively have an accuracy 

rate of 38-51% hence they present high false-positive rates.4 On the other hand, invasive 

visual methods of screening, such as colonoscopy are also present.5 Colonoscopy 

although quite sensitive yet it has a set of complications, e.g. bleeding, lacerations, 

increased risk of infection and high price-point.6-8 Yet, colonoscopy provides a more 

accurate detection than the non-invasive procedures like FIT and gFOBT albeit 

associated with high false-negative rates.9 While the FIT has success with identifying 

advances neoplasms, the main disadvantage with the FIT over colonoscopy is that it has 

higher false-negative results in detecting T1 cancer versus T2- T4.10  

There are invasive diagnostic techniques to determine prostate cancer, like Digital 

Rectal Exam (DRE) and Trans Rectal Ultrasound (TRUS). These involve monitoring 

abnormalities in the shape and size of the gland using touch and vision. The disadvantage 
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of TRUS is its invasive nature, leading to morbidity related to diagnosis due to infections, 

hematuria and haematospermia.11 DRE lacked sensitivity in general especially at the 

onset of prostate cancer.12, 13 Increasing the specificity and sensitivity, while at the same 

time reducing the ‘invasiveness’ of a diagnostic procedure, has been a driving factor in 

the search for colorectal cancer biomarkers.  

The other method of diagnosis is with use of biomarkers to diagnose and stage 

cancers. For example, Carcinoembryonic antigen (CEA) is a glycosylated cell-surface 

glycoprotein and in healthy patients, CEA levels can range from 2.5 to 5 ng/mL. The 

correlation of colorectal cancer with an increased CEA levels in patients with Stage I 

cancer is only 4%, while in patients with stage II cancer is 25%.14 Similarly there is CA 

19-9 test, which measures the antibody against sialylated-Lewis a (sLea) (which typically 

increases in colorectal cancer) showed lack of disease specificity  Both CEA and CA 19-

9 tests are associated with high false-positive rates of 16 and 60% respectively.15 In 2000, 

the American Society of Clinical Oncology (ASCO) recommended that the CEA and CA 

19-9 tests no longer be used as a diagnostic tool, but rather be used to monitor disease 

progression.16  

Along with DRE and TRUS, monitoring of a serum-based glycoprotein called 

Prostate-Specific Antigen (PSA) completes the diagnostic triad for prostate cancer.17 PSA 

levels above 4.0 ng/mL, meant some abnormality and the patient is recommended 

biopsy.18 Besides prostate cancer, age, level of activity and inflammation are also the 

reasons for elevated PSA, thus deeming it non-specific. PSA has notoriously high false-

positive rate and only 25% of the men that undergo biopsies actually have cancer.19 Not 

only are cancer diagnostics associated with high false positive and false-negative rates, 
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boronic acids are known to form covalent yet reversible boronate esters with 1,2- and 1,3- 

diols, which are found on glycans, to produce cyclic boronate esters. The interaction 

between boronic acids and diols commonly found on glycans 

is illustrated (Figure 1.4). When using boronic acids in glycan sensors, it is important to 

understand what influences the boronic acid-diol interaction. The equilibrium exists 

between phenylboronic acid and a diol in solution and illustrated in (Figure 1.5).  

 

The equilibrium is very dependent on pH. At lower pH, the acid and diol stay 

unbound since any boronic ester that forms, contains an empty p-orbital in Boron. At 

higher pH, (when pH increases more than pKa of phenylboronic acid: 8.8) boronic acid 

 

Figure 1.4: Interaction between boronic acids and 1,2- or 1,3-cis diols commonly 
present in glycans.  
This leads to formation of proposed reversible and covalent boronate ester bond 
between boronic acid found on SLs and cis (1, 2- or 1, 3- ) diols of the CAGs. 
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Figure 1.5: The equilibrium between phenylboronic acid and a diol lies towards 
boronate ester formation (2 &4) in basic aqueous solution.  
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N-Acetylneuraminic acid (sialic acid) → N-Acetylmannosamine + Pyruvic acid                    

Eq 1 

Pyruvic acid, in turn is reduced to lactic acid using β-NADH and lactic acid 

dehydrogenase enzyme as follows:  

Pyruvic Acid + β-NADH → Lactic Acid + β-NAD  Eq 2 

Under proper temperature conditions (37 °C), the first forward reaction predominates, 

and when coupled with β-NADH reduction of pyruvic acid, the reaction goes to 

completion. β-NADH oxidation can be accurately measured spectrophotometrically. 

Hence, the total amount of sialic acid residue obtained from each cellular extract 

correlates to the nanomoles of β-NADH oxidized. Total sialic acid counts from secreted 

proteins, isolated from the media of four different colon and five different prostate cell 

lines, are listed below in Table 4.1. 

Table 4.1: Illustrating total sialic acid residue count of secreted proteins 
extracted from media of cell lines. 

Human colon cell lines Human prostate cell lines 

Cell line name 
metastatic 
potential 

# sialic acid 
residues 
(nmol) Cell line name 

metastatic 
potential 

# sialic acid 
residues 
(nmol) 

CCD 841 CoN - 56 RWPE-1 - 102 

HCT-116 low 108 WPE1-NA22 low 102 

HT-29 low 74 WPE1-NB14 low 80 

LoVo high 77 DU 145 high 270 

   PC-3 high 240 

While other groups also have successfully quantified sialic acid from cell membrane 

proteins,2, 3 our effort to determine levels secreted into the media is unique and innovative 

providing an insight into the development of serum-based diagnostics. Metastatic 
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counteract this, in this analysis since the protein component, FITC- streptavidin, is the 

same for each glycan that is being analyzed, therefore any observed difference in the 

response from the array must be attributed to the glycan constituent and not to the protein 

(streptavidin) component. Given the structural similarities between these glycans, it is 

remarkable that there were not many misclassifications.  

In summary, these results validate our ability to differentiate structurally similar 

cancer associated glycans with high accuracy using a small, cross-reactive SL Array. 

Sialylated CAGs are the direct targets of SLs with greater number of Arginine residues. 

Loss of the SLs with greater number of Arginine residues limits the arrays’ ability to 

discern sialylated CAGs. On the other hand, fucose and SL11 show an exceptional 

binding interaction, that may be due to CH-π type interaction of pyranose ring with 

greater number of phenyl rings in SL11. 

4.4 APPLICATIONS OF SL ARRAY TO DISCERN HUMAN PROSTATE TISSUE 

SAMPLES 

While the current array discriminates cell lines with classification accuracies that 

may be improved by refining the SLs in the array and better statistical modeling, this is 

not our ultimate goal. Cell lines do serve as acceptable in vitro models for investigating 

cancer, however they do not always represent the complexity of the tumor 

microenvironment. To examine whether our SL array could work with clinical 

specimens, patient-matched tissue from four prostate cancer patients were analyzed using 

the extended SL Array. Prostate tissue was obtained from the Prostate Tissue Core 

Facility at USC (courtesy: Ms. Ella Weinkle). Each patient tissue sample’s virulence was 

confirmed by tissue histology (courtesy: Dr. Loulia Chatzistamou) and consisted of one 
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tumor sample and one normal or healthy sample taken from an adjacent site. Out of the 

four samples, two were of patients from African American (AA) and two from Euro-

American (EA) descent. Pathologists grade prostate cancers using numbers from 1 to 5 

based on how much the cells in the cancerous tissue look like normal prostate tissue 

under the microscope. This is known as the Gleason system. Grades 1 and 2 are not used 

for biopsies, because most biopsy samples are grade 3 or higher. If the cancerous tissue 

looks much like normal prostate tissue, a grade of 1 is assigned and if cells and their 

growth patterns look very abnormal, it is assigned 5. Grades 2 through 4 have features in 

between these two extremes. Since prostate cancers often have areas with different 

grades, a grade is assigned to two areas that make up most of the cancer. These 2 grades 

are added to yield the Gleason score (also called the Gleason sum). The highest Gleason 

score can be 10. The first number assigned is the grade that is most common in the tumor. 

For example, the Gleason score written as 3+4=7, is understood as the majority of the 

tumor being grade 3 and some of it being grade 4, when they are added together, they 

make up for a Gleason sum of 7.9 Histology of the acquired tissues confirmed each 

metastatic tissue sample to contain adenocarcinoma (Gleason sum (3+4=7)).  

For the protein extraction, the tissues were pulverized using mortar and pestle in 

liquid nitrogen and the resulting powder added to lysis buffer. The resulting tissue slurry 

was centrifuged and the supernatant containing cells were collected. Membrane proteins 

were extracted using the Qiagen membrane extraction kit, labeled with FITC and 

incubated with extended SL array. Fluorescence intensity data were collected for each 

sample using fluorescence microscopy. Outliers were rejected at 1.8 interquartile 

distances (IQDs) and intensity readings were normalized to one using the brightest 
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reading for each patient sample. Using de-identified patient disease data, LDA analysis 

was carried out to determine the ability of the array to differentiate patient samples based 

on a number of factors.  

 

The previously used SLs (20 in extended lectin array) and two new SLs, found from 

newer library screenings (i.e. SL15, SL16), were used together to make a 22-SL array 

that was employed to distinguish between two African American (AA, denoted by solid 

color) and two Euro American (EA denoted by open color) prostate tissue samples. (Ref: 

APPENDIX B).  

Each tissue sample was patient-matched, making i.e. eight samples, whose histology 

was first confirmed, were pulverized and proteins were extracted from them. These 

 

Figure 4.7: Showing unguided/ (PCA) plot discerning four patient-matched 
tissue samples having prostate cancer using 22 unit SL-array. 
Green samples indicate normal and red samples indicate adenocarcinoma (Gleason 
score 3+4 =7). Open and closed symbols indicate patients with Euro-American (EA) 
and African-American descent respectively. Same symbols indicate the patient-
matched samples. Green arrow indicates sample-12 prostate tissue whose histology 
report showed presence of prostatic intra-epithelial neoplasia (PIN). 
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protein samples were then tested using the SL array. Figure 4.7 illustrates an unguided 3-

D classification. The guided (LDA) 8-class model was >99% accurate at predicting 

cancer (red) from normal tissue (green). The most useful chemical tool which correlated 

with statistical separation of healthy and adenocarcinoma samples, was phenyl ring 

gradation. This was true since SL9, SL7 and SL11-Y4F were the most useful SLs and all 

are having large number of phenyl rings in SL sequence. 

In Figure 4.7, all the four red highlighted samples were histologically confirmed to 

have moderately differentiated adenocarcinoma and were positive for elevated PSA after 

surgery. Patient sample 9 and 11 (red▲ and ○) had leftover microscopic primary tumors 

at the surgical margins at the primary tumor site, whereas patient samples 1A and 3B (red 

■ and ◊) had clear surgical margins at the primary tumor site after surgery. This indicated 

the utility of SL array as prognostic tool by indicating cancer even when it became 

invisible to the surgeon. Green samples were patient-matched normal prostate tissue, 

except for patient sample 12 (green ○, indicated by green arrow) which was low-grade 

prostatic intraepithelial neoplasia (PIN) with no adenocarcinoma. As observed, it grouped 

a bit closer to the healthy region, needing further investigation where more tissue samples 

containing PIN can be investigated and checked how they classify.  

In the future work, the proteins being expressed by these tissue samples, can also be 

investigated. For example, fucosyltransferase (FUT8) catalyzes glycan transfer of α1.6-

fucose (core fucose) to glycoproteins. It is known in the literature that both core-

fucosylation and FUT8 expression are positively correlated to prostate-tissue 

malignancy.10-11 The donor and acceptor substrates for FUT8 are GDP-fucose and a 

biantennary N-glycan, respectively. One of the ways to test for FUT8 activity is by 
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monitoring enzymatic activity by radiolabeling the oligosaccharide as the acceptor 

substrate. Literature suggests a convenient and sensitive assay method using 2-

aminopyridine (PA)-labeled asialo-, agalacto-biantennary sugar chain as an acceptor 

substrate. N-Linked sugar chains can be prepared in relatively large amounts from egg 

yolk, and after the removal of sialic acid and galactose residues by glycosidases, the 

sugar chain can be labeled with PA and analyzed by HPLC.12  

Thus making use of a 22-unit SL array, healthy and cancerous samples were 

distinguished with >99% accuracy. These initial results demonstrate that SL-array not 

only discriminates between cell types effectively in in vitro cell line models but also in 

tissue samples. This promising data suggests that the development of the array for clinical 

utility is possible. 

4.5 DESIGNING FUTURE SL TARGETS FOR COLON AND PROSTATE CANCER  

As of now the ability of SL array, not only to discriminate between healthy and 

cancerous cell lines but also between different cancer types has been discussed. In the 

beginning of this chapter, a possible chemical basis for SLs to distinguish between colon 

and prostate malignancies has also been discussed. The SLs that could bind to one type of 

carcinoma over the other, are termed as SL ‘hits’. In the light of these events, it is 

required to investigate the structural basis of the SL ‘hits’ which enables them towards 

this ability of “tissue-typing”.  

To do so, some new SLs sequences were invented by interaction of different peptide-

boronic acid based SL libraries to tissue specific targets. For e.g. two libraries (2-BA and 

3-BA) were designed where the numbers indicate the total number of the phenyl-boronic 

acid (BA) attachments per SL sequence.  
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Each SL polymeric bead consisted of multiple copies of the same peptide-BA 

sequence. The difference between the two is that 2-BA library, instead of having a third 

phenyl-boronic acid has a free –NH2 at the N-terminus. In order to keep the N-terminal 

free, it was protected using (BOC)2O anhydride (TFA sensitive). Using (BOC)2O 

protection, enabled orthogonal cleavage of ivDde (basic de-protection), The ivDde was 

the protecting group on the –NH2 side chains of (Dab), which were removed for the 

subsequent attachment of phenyl boronic acid (BA) on the diamino butanoic acid. 

Unprotected N-terminal –NH2, causes attachment of a third phenyl boronic acid residue 

on it. The rest of the peptide sequence for both libraries is generic: 

(NH2-R or R*)-X-(Dab)*-X-X-X-(Dab)*-X-B-B-R-M-Resin. 

Here, phenyl-boronic acid (BA) moieties are fixed and denoted by * while R* and 

(Dab)* denoted 2-phenyl-boronic acid functionalized R and Dab, respectively. B 

represented β-alanine and acts as spacer since it is insensitive to Edman degradation. 

Methionine (M) is added on to C-terminus to avail orthogonal cleavage of the whole 

peptide using CNBr while X is any one of the 11 random amino acids (A, N, Q, G, L, F, 

S, T, Y, V and R). R is the only positively charged amino acid, which is incorporated 

because its guanidinium charge assisted in MS/MS sequencing and creation of salt 

bridges to sialic acid as well. The standard Fmoc strategy was used for peptide synthesis.  

Previous lab members established this generic library design to contain the greatest 

bead sequence diversity at the same time also maintaining the ease of sequencing while 

using MS/MS or Edman techniques. Sequence diversity of each SL bead is introduced by 

five randomized amino acid spot (X) in the peptide sequence. Since there are 11 different 

amino acid choices, it would mean 115 sequence diversity of each SL bead. 
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Both the libraries were devoid of C-terminal acylation because that hindered with 

sequencing. Dab was used in place of Lysine because the shorter side chain of the former 

assists to reduce background binding and increase interactions between the glycoproteins 

and the peptide backbone. (Dab)* moieties also were fixed to further aid in MS/MS 

sequencing. The randomized amino acids were coupled using a split-and-pool method as 

described in Figure 4.8. To do so, the polymeric resin was split into 11 tubes and a 

different amino acid is added to each tube. After the amino acid was coupled, all of the 

resin is combined again for a collective de-protection, before splitting again. 

The remaining nine amino acids (out of 20), i.e. M, C, I, P, H, D, E, K and W, were 

excluded from the randomized positions. Methionine was not repeated in the rest of the 

peptide sequence and cysteine was not used in the randomized amino acid positions to 

eliminate the chance of cutting the peptide sequence into pieces due to CNBr cleavage. 

Isoleucine was omitted to eliminate the chance of disambiguation with leucine when 

sequencing for the unknown SLs. Proline was excluded to avoid having ‘kinks’. 

Histidine, glutamic acid, aspartic acid, and lysine were avoided to reduce interference of 

charge during MS/MS. Tryptophan was not included because of its big and bulky side 

chain. Glutamate and Aspartate were not used to remove molecular weight 

disambiguation with their corresponding amine counter parts. 

In order to identify SLs that could bind differently to non-cancerous versus cancerous 

samples, the protein extracts (from healthy and cancerous samples) were fluorescently 

labeled with two different colored tags, then combined together and interacted with the 

SL libraries. 
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This procedure of competing non-cancerous and cancerous analytes to identify SL 

beads that are selective hits for cancer: is termed as a DUAL DYE LIBRARY 

SCREENING (see Figure 4.9). The SL that bound specifically to healthy and cancerous 

proteins was termed a ‘healthy hit’ and ‘cancerous hit’ respectively. After these SL ‘hits’ 

were manually isolated under the microscope, the individual SL beads were prepared for 

peptide sequencing. In order to look out for colon as well as prostate specific hits, 

different healthy and metastatic protein targets that were used against the two libraries, 

and are below:  

1. Colon cell secreted proteins (CCD 841 CoN versus LoVo) 

2. Prostate cell secreted proteins (RWPE-1 versus DU-145) and 

3. Prostate patient-matched tissue proteins (including race related diversity) 

 

Figure 4.8: Illustrating Split and Pool combinatorial method. 
Portion of polymeric beads are split. Different colors indicate different amino acids. 
The procedure enhances bead sequence diversity by allowing attachment of random 
amino acids to create all possible 115 peptide sequences in the library.  
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The healthy protein analyte was labeled with FITC (green) and metastatic analyte was 

labeled with rhodamine (red). All the three different targets were separately incubated 

with 3-BA and 2-BA SL libraries. Figure 4.9 shows a typical workflow of incubation. 

This process generated tissue-specific, healthy and metastatic hits.  

 

To ensure that there was no specific dye-based discrepancy while finding SL hits, 

reverse dual-dye screening was carried out as well, where healthy protein analyte was 

labeled with rhodamine (red) and metastatic analyte was labeled with FITC (green). It 

was noted that there were no impartialities related to dye charge towards affinity for a 

specific analyte. There are advantages to using secreted proteins rather than proteins 

extracted from cell membranes because once a membrane-bound protein is extracted, the 

native protein tends to lose its integral structure. Using cell-secreted proteins rather than 

 

Figure 4.9: Flowchart showing the incubation of different SL libraries with 
different healthy and metastatic dual-labeled protein analytes. 
Both the libraries (2-BA and 3-BA) underwent the same treatment of incubation, 
subsequent imaging, manual bead picking of hits and edman degradation. Two hits 
were generated, SL17 (healthy hit) and SL20 (metastatic hit). Individual bead 
intensities in APPENDIX E. 
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cell membrane isolated proteins also tests the ‘sensitivity’ of SLs (because the actual 

protein of interest is low in concentration in a secreted protein mixture). 

 

The bound protein was washed away from the SL (by alternatively washing the resin 

using 70% TFA in H2O and 0.1 M NaOH). To sequence hits from library screenings 

against different protein analytes, Edman degradation was used. Edman peptide 

sequencing, involves immobilization of resin bound peptide followed by removal of one 

amino acid at a time and subsequent analysis using high-performance liquid 

chromatography (HPLC). 

In the first step of Edman Degradation, the N-terminal –NH2 reacted with phenyl 

isothiocyanate to form a phenyl thiocarbamyl-peptide derivative (Figure 4.10). If the N-

terminus is acylated, this reaction cannot take place, making sequencing obsolete.  

The presence of phenyl-boronic acid causes difficulty at obtaining peptide sequences 

using MALDI due to H-bonding with water causing messy signal with great signal-to-

noise ratio. To avoid this situation several techniques for removing the PBA moiety from 

 

Figure 4.10: Schematic depicting Edman degradation. 
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the SL prior to MS-based sequencing, were used. One of them was treating resin bound 

SL with hydrogen peroxide in water to enable oxidation of BA to phenol.13 Since Edman 

method was used and the location of boronic acid was already known, there was no need 

to cleave off boronic acids prior to sending them for sequencing. 

The 2-BA library peptide hits were easier to sequence than 3-BA hits. In all of the 

hits procured from 3-BA library, the N-terminal R, was inconclusive from the 

chromatogram, probably due to signal interference from the attached third boronic acid. 

Nevertheless, the position of the N-terminal R was fixed in the library design thus 

confirming the attachment of third BA there. To verify the presence of R on the N-

terminus, while making the SL library, R was manually coupled and its complete 

attachment was verified through a subsequent ninhydrin test. It is also hard to distinguish 

the Dab positions when referring to the sequencing chromatograms but it is similar to the 

last AA position. It is most important to look for changes from cycle to cycle within the 

SL sequence. The absolute quantities of the AAs in a single cycle is not as important due 

to the fact that different AAs have different background levels. 

Proteins concentrated from normal cell lines of prostate (RWPE-1) were labeled 

green using FITC and proteins from metastatic non-androgenic, non-PSA expressive (DU 

145) were labeled red with rhodamine. Competitive binding dual dye tests were done on 

two libraries one involving an extra boronic acid at the N-terminus, thus having three 

boronic acid residues on SLs(3-BA) and the other having free N-terminus (2-BA). 3-BA 

libraries consequently have one extra phenyl ring in SL sequences and both the libraries 

were tested on prostate and colon cell proteins.  
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It was observed that, more variable the fluorescent intensity of library beads, better 

suited is the library to find a ‘hit’. In Figure 4.11, a binning chart with bead population 

diversity has been shown by plotting fluorescent intensity of each bead in 3-BA and 2-

BA SL libraries. Where, Figure 4.11A is SL library against human prostate metastatic 

(DU 145) and Figure 4.11B against human prostate normal cell line (RWPE-1). After 

calculating the fluorescent intensity of each individual bead in the library, it was observed 

(Figure 4.11A) that 3-BA library had greater binding variability with prostate cancer 

cells and 2-BA had better diversity with normal prostate cell lines (Figure 4.11B). This 

might be due to extra phenyl rings in 3-BA library, causing greater CH-π type interaction 

with metastatic prostate proteins (which have greater fucosylation expression than normal 

prostate cell lines). 

 

Figure 4.11: Binning chart representing population diversity of bead fluorescent 
intensity in 3-BA and 2-BA SL libraries 
with A. human prostate metastatic (DU 145) and B. human prostate normal cell line 
(RWPE-1). More variable the fluorescent intensity of library beads, better suited the 
library is to find a ‘hit’. Hits are highlighted using red boxes 
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Similarly, normal cell colon cell lines (CCD 841 CON) and metastatic (LoVo) were also 

labeled green and red, respectively. Figure 4.12 shows a binning chart representing 

population diversity of bead fluorescent intensity in 3-BA and 2-BA SL libraries under 

the same dye (rhodamine) and same microscope filter set (DSR), with human colon 

metastatic (LoVo). More variable the fluorescent intensity of library beads, better suited 

the library is to find a ‘hit’. This concludes that 2-BA library had better fluorescent signal 

diversity with metastatic colon cell proteins. Since increased virulence in colon cells is 

understood by change in sialylation, using a library with lesser number of phenyl rings 

(e.g. 2-BA) proves useful. 

 

Figure 4.12: Binning chart representing population diversity of bead fluorescent 
intensity in 3-BA and 2-BA SL libraries 
under the same dye (rhodamine) and same microscope filter set (DSR) with metastatic 
human colon cell line (LoVo). Dye does not interfere with bead binding, it is the type 
of analyte that matters to binding. More variable the fluorescent intensity of library 
beads, better suited the library is to find a ‘hit’. SL 16 (red) was isolated from colon 
metastatic 2-BA library. Dotted white squares over the image represent region-of 
interest under fluorescent microscope with maximum pixel information. 
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In Figure 4.12 both libraries are interacting with proteins from metastatic colon cell 

line, thus showing that type of fluorescent dye used does not interfere with the binding 

affinity of SL hit with the analyte. SL 16 was isolated from colon metastatic 2-BA 

library. Dotted white squares over the image represent region-of interest under 

fluorescent microscope with maximum pixel information. 

 

 SL dual-dye library was also used to further investigate genetic health disparities 

amongst African American (AA) and Euro American (EA) prostate cancer patients (see 

Figure 4.13). Left pool shows proteins pool using normal prostate tissue of AA patients 

(green) and EA patients (red):  

 

Figure 4.13: SL dual-dye library screens to investigate racial health disparities 
between African American (AA) and Euro-American (EA) prostate cancer 
patients. 
Left panel shows library-screening results using normal AA (green) and EA (red) 
pooled prostate tissue. Right panel shows library screening results using pooled 
adenocarcinoma (Gleason score 7) prostate tissue from EA (green) and AA patients 
(red). SL 18 hit (bead E) was isolated from healthy pool and SL 19 hit (bead G) was 
isolated from adenocarcinomia pool. Bar graphs indicate corresponding red and green 
fluorescence for the same bead under different filters (DSR and GFP). No error bars 
indicated because each bar is representing individual bead fluorescence. 
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SL hit 18 was found and isolated from healthy tissue pool and could be used for 

investigation of race-related normal health disparities in future. Right pool shows proteins 

pooled using adenocarcinoma (Gleason score 7) prostate tissue of EA patients (green) 

and AA patients (red): SL hit 19 was found and is unique in nature because it could 

discriminate between complex tissue protein mixtures of different cancer patients. This 

can be used as a future target to investigate personalized vectors for chemotherapeutic 

targets. Sequences in Table 4.2. 

Table 4.2: Showing Malignancy specific SL ‘hits’. 
Hits from 2BA and 3BA library screens using secreted proteins from human prostate 
or human colon cell lines, or membrane extracts from human prostate tissue samples 
(patient-matched normal and adenocarcinoma GS7), illustrating amino acid 
composite trends, e.g. charged amino acids, number of aromatic rings and boronic 
acids. (EA+AA): stands for Euro-American plus African-American patient sample. 
(2xAA): two African-American patient sample pool. 

Name #BA Sequence #(R) 
#Ph 
ring

s 

Polar 
S,T, 
N,Q 

Library Proteins 
from 

SL15 2 NH2-
RT(Dab)*RGG(Dab)*TBBRM 3 2 2 colon  

cell 
healthy 
colon 

Bead B 2 NH2-
RS(Dab)*NLS(Dab)*QBBRM 2 2 4 colon  

cell 
healthy 
colon 

SL17 2 NH2-
RA(Dab)*NAQ(Dab)*NBBRM 2 2 3 prostate 

tissue 

healthy 
prostate 

(EA+AA) 

SL18 2 NH2-
RN(Dab)*VLS(Dab)*GBBRM 2 2 2 prostate 

tissue 

healthy 
prostate 
(2XAA) 

SL16 3 R*R(Dab)*AYR(Dab)*YBBRM 4 5 0 colon  
cell 

metastatic 
colon 

SL19 2 NH2-
RY(Dab)*RYF(Dab)*LBBRM 3 5 0 prostate 

tissue 

metastatic 
prostate 
(2XAA) 

SL20 2 NH2-
RY(Dab)*YYY(Dab)*RBBRM 3 6 0 prostate 

tissue 

metastatic 
prostate 

(EA+AA) 

Bead 1 3 R*G(Dab)*SGR(Dab)*QBBRM 3 3 1 prostate 
cell 

metastatic 
prostate 

Bead 3 2 NH2-
RY(Dab)*FFL(Dab)*RBBRM 3 5 0 prostate 

cell 
metastatic 
prostate 
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After sequencing all the hits (shown in Table 4.2) the hits, SL15-20 was designed, 

along with bead B, 1 and 3 (all 9 of these are colon and prostate specific SLs). The 

sequence analyses of these SL-hits surmised that specific amino acids play an important 

role to assist in “tissue-typing” the array. Several different glycoprotein sources were 

screened including those from secreted cell lines and ones from pooled clinical tissue 

samples, producing a new series of SL hits exhibiting some interesting trends. It was 

observed (Table 4.2) that SL hits for normal prostate and colon glycoproteins, had a 

higher ratio of polar amino acids e.g. S, T, N and Q (bold numerical values). SL hits for 

metastatic colon cancer had a greater number of arginine residues (R) (light grey). SL hits 

for metastatic prostate cancer had a greater number of aromatic rings (from amino acids 

like F and Y and/or from phenyl boronic acid) in the isolated SL sequences (dark grey). 

4.6 CONCLUSIONS 

The beginning of this chapter established some of the chemical targets of 

proteins/glycoproteins that bind to SLs to cause cancer virulence based discrimination. It 

has been shown that by using SLs sequences with greater number of Arginine residues 

and lesser number of phenyl groups, different colon cells lines can be discerned and a 

varied sialic acid concentration. It has been shown that varied sialic acid concentration is 

one of the statistical basis of discrimination among colon cell lines by the array.  

However just the opposite is true for accurately discerning each prostate cell line 

where the SLs sequences containing greater number of phenyl rings and lesser number of 

Arginine residues, play an important role. Since the SLs bind through guanidinium 

groups to sialic acid residues, both in colon and prostate cell lines, it was proved that 
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stripping away of the sialic acid residues takes away the SL array’s unique ability of 

colon cancer discrimination. 

SL array uses positively charged SLs for pre-organization of negatively charged 

cancer-associated glycans (e.g. sLea and sLex) by increasing the overall binding of 

charged pieces. As the model derived from positively charged SLs retains excellent 

‘tightness/precision’, it indicates that these positively charged SLs provide a 

microenvironment necessary for accurate binding. Besides that, the SL array uses SLs 

with N-terminal phenyl boronic acids to covalently target diols of cancer glycans like 

Lea, sLea and sLex, These SLs also enhance CH-π type interaction through the large 

number of phenyl rings associated with them. One such SL (SL11) having high number 

of phenyl rings bound exceptionally well to fucose. The results have suggested that 

boronic acid residues are important to discriminate sLea, sLex and Lea. 

Guiding structural epitopes in SL peptide sequences are discussed to see if they can 

be used selectively to target colon and prostate cancers. In light of this, two new libraries 

were synthesized (3-BA and 2-BA). These libraries were screening against colon and 

prostate specific analytes (both cells and tissues). After sequencing the hits, SL15-20 was 

designed, along with bead B, 1 and 3 (all colon and prostate specific SLs). 

The sequence analyses of these SL-hits surmised that specific amino acids play an 

important role to assist in “tissue-typing” the array. Polar amino acids (S. T, N and Q) 

target healthy analytes while R targets colon cancer through the tissue’s proclivity to 

over-express sialylation and sialylated cancer-glycans. Increasing the number of phenyl 

rings (by increasing phenyl ring containing amino acids (F &Y), or by incorporating 
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phenyl-containing boronic acids), the SL-hits achieve an increased core-fucosylation of 

prostate cancer. 

In total, these results validate our ability to differentiate structurally similar cancer 

associated glycans with high accuracy using a small, cross-reactive SL Array. At times it 

indicates the utility of SL array as prognostic tool by indicating cancer even when it 

became invisible to the surgeon. 

4.7  FUTURE DIRECTIONS 

The glycan motifs that are targeted by the SLs require evaluation. One way to 

approach the analysis of glycan would be to isolate and enrich the glycoprotein sequences 

that bind to the SLs (using hydrazide columns that can capture N-linked glycans) and 

then investigate them. A methodology is required that ensures the protein integrity is not 

compromised during the isolation of glycoprotein from the column. Using circular 

dichroism spectroscopy to evaluate protein stability as a function of added denaturants is 

suggested in future experimentation.  

One of the challenges is to establish the stoichiometry of the SL-glycan interaction. 

This is because the SL works due to its multivalent display of peptides. Singular SL 

peptide sequence has a negligible binding (>>10 µM), therefore the peptide needs to be 

on the polymeric resin bead during interaction. One way to approach this question is to 

develop Biotinylated SLs on the beads, detach them from beads and then interact them 

with streptavidin platforms. This allows for calculation the number of binding events 

once the streptavidin-bound SL tetramer is interacted with a purified glycoprotein or a 

CAG of choice. 
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Currently, work on patient blood is underway, which is the next step to make 

headways into converting SL-array to a plausible diagnostic. Investigating the optimal 

blood sample size required to determine the virulence, is paramount considering that the 

Kd of SL beads is in the similar range as that of natural lectins. 

4.8 EXPERIMENTAL PROCEDURES 

Details on the complete procedure for SL synthesis, incubation of SLs with fluorescently 

tagged analytes, imaging of SL beads, data acquisition and statistical programs used for 

image analysis are listed under the experimental section after chapter 2. 

Details on complete procedure for human colon and prostate cell-culture, protein 

extraction from cell membrane as well as concentration of cell-secreted proteins from 

cell growth media, protein quantification, fluorescently tagging and incubation with SLs 

are listed under the experimental section after chapter 3. 

 

Procedure for Sialic Acid Quantitation 

The Sialic Acid Quantitation Kit (Sigma Aldrich®) (Catalog Number SIALICQ) was 

used to provide a rapid and accurate determination of total N-acetylneuraminic acid, also 

known as sialic acid. The kit can provide a simple and reliable method for the 

quantitation of total sialic acid concentration in sera and specific glycoconjugates to study 

disease states and virulence potentials in many pathogens. The kit contains all reagents, 

including a proprietary α-(2→3, 6, 8, 9)-neuraminidase, which was required to quantitate 

the amount of sialic acid present in cell surface glycoproteins, polysialic acids, and 

capsular polysaccharides consisting of only polysialic acid. One unit of the 

neuraminidase enzyme catalyzes the release of 1µmole of 4-methylunbelliferone from 2’-



146 

(4-methylunbelliferyl) alpha-D-N-acetylneuramin acid per minute. This kit is unsuitable 

for use with glycolipids or gangliosides. The α-(2→3, 6, 8, 9)-Neuraminidase cleaves all 

sialic acid linkages, including α-2→8 and a-2→9 linkages, as well as branched sialic 

acid. Variants of sialic acid such as N-glycolyl or O-acylneuraminic acid were cleaved as 

well. Digestion with α-(2→3, 6, 8, 9)-neuraminidase generated total free sialic acid from 

glycoconjugates without incurring losses that are typically associated with chemical 

hydrolysis. The millimolar extinction coefficient of β- NADH is 6.22 at 340nm. 

Therefore, each nmole of sialic acid will cause a drop of 0.00622 absorbance units in a 

1mL reaction, a quantity that can be reliably measured on a digital spectrophotometer. If 

the extinction coefficient level is exceeded (using too much protein), β-NADH will be 

exhausted from the reaction mix. In these experiments, 100µL of 0.01 mg/ml of crude 

cell-secreted protein sample was used.  

To make Tris Reaction Buffer - Diluted the 1M Tris-HCl (Catalog Number T3946) 40-

fold with distilled water to make a 25mM solution. The pH of Tris Reaction buffer is 7.5. 

To make β-NADH Solution - Just prior to use, added 640µL of Tris Reaction Buffer to 

one 5mg vial of β-NADH (Catalog Number N8129) to make a 0.01M solution (A340 = 

62.2).  

For optimal performance, freshly prepared β-NADH solutions should be used. 

Prepared solutions should be discarded if the A340 drops 20% or the solution turns 

yellow.  

Proceeded by dissolving the glycoprotein or polysialic acid in 40µL of distilled water and 

then add 1µL of Sialidase Buffer (250mM sodium phosphate, pH 5.0, Catalog Number 

S7189 ready-to-use). Added 1mL of a-(2→3, 6, 8, 9)-Neuraminidase and incubated for at 
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least 3-hours in a 37°C water bath. Added 930µL of Tris Reaction buffer to the tube. 

Pipetted the reaction mixture into a cuvette and blank the spectrophotometer. Added 

20mL of the β-NADH Solution and mix by inversion several times. Read and recorded 

the initial β-NADH absorbance (triplicate). Initial A340 should read ~1.25. The 

absorbance according to Beer’s law directly correlates to the path length of the cuvette. 

Therefore, if using 1mL cuvette, A340 should read out 1.25, but if using 0.5 mL cuvette, 

A340 should read out ~0.625. Returned the reaction mixture to the original Eppendorf 

tube. Added 1µL of N-Acetylneuraminic Acid Aldolase (Catalog Number A0849, ready-

to-use) and 1µL of Lactic Dehydrogenase (Catalog Number L9889, ready-to-use) and 

mixed by inversion several times. Incubated in a 37°C water bath for a minimum of 1-

hour. This can go up to 3-hours. Pipetted the reaction mixture back into the cuvette. Read 

and recorded the final A340. Calculated the nmoles of sialic acid using the formula: 

nano moles of total cleaved sialic acid = {(A340 Initial - A340 Final) X 1,000}/6.22  

To prevent any carryover of lactic dehydrogenase, which might result in a low initial 

absorbance reading, always wash the cuvette thoroughly between assays. Positive 

glycoprotein control of Bovine Fetuin (Catalog Number F4301) sample was used to 

perform positive controls before proceeding with analysis of unknowns. When the entire 

sample of Bovine Fetuin was digested with α-(2→3, 6, 8, 9)-neuraminidase, the amount 

of sialic acid should be ~48nmoles. 

Labeling protocol for secreted proteins after subjection to sialidase enzyme leach 

After sialic acid quantitation was completed using UV-spectroscope, each tube 

contained intact protein samples from each cell line in Tris reaction buffer along with 

total free sialic acid residues, 1µM quantity of each sialidase, aldolase and dehydrogenase 
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enzymes. To get rid of the total free sialic acid from the leftover intact protein sample and 

consequently tag the leftover proteins, we added 10µL of FITC dissolved in 10:1 ratio of 

PBS: DMF. To make FITC solution, weighed out 2.8 mg of FITC, dissolved it in 100µL 

of 99% DMF, and added 900µL PBS. 10µL of this FITC solution was added to 1 ml 

leftover intact protein sample (with a concentration of 0.01mg/ml and volume of 100µL 

in Tris reaction buffer). Therefore, the protein: FITC ratio was 10:1. This protein solution 

was covered and tumbled at 37°C for 1-hour. Later, the protein solution was centrifuged 

at 4000 RPM using Amicon® 10-KDa centrifuge tubes. The buffer was exchanged from 

Tris buffer (pH 7.5) to PBS (pH 7.3) using the buffer exchange tube, by addition of 1.5 

mL of PBS. The leftover intact-labeled protein was collected and a BCA assay was run 

before using the labeled protein for further experimentation. 

General Screening Procedure for Biotinylated-Cancer Associated Glycans 

Approximately 2mg of SL polymeric beads (from freezer) were incubated in 

Phosphate Buffer Saline (PBS) without glycerol for 10 minutes at RT. Then the SL beads 

were pre-blocked with 1mg/mL BSA and 10% glycerol containing PBS (Screening 

Buffer) for 15-minutes at RT. The resin beads were later incubated with 0.01 mg/mL 

biotinylated-glycans for 12-19 hours at 37°C. Just 2-hours before the completion of the 

incubation, 6μL of 100nmol/L FITC-streptavidin was added and tumbling was continued 

at 37°C. After washing with PBS three times, the beads were imaged using a fluorescent 

microscope and analyzed as previously described. Assuming that 2mg of 300-micron 

tentagel macrobeads contain roughly 100 beads and each bead has roughly 0.004µmole 

capacity. Further, assuming that each SL copy on the bead can bind to five glycans (this 

was done by assuming that each SL has a maximum of +5 charge), it was calculated that 
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2mg of beads have a bead capacity of 0.002mmoles. Therefore, 0.01mg/mL of 

biotinylated-glycans were used instead of 0.1mg/mL because even by using 0.01mg/mL 

concentration, the glycan concentration was still roughly 10-times higher than 

concentration of the number of binding sites calculated per peptide per polymeric bead. 

The reduction in the fold-concentration of biotinylated glycans was done because at the 

time a small quantity was available. 

Frozen Prostate Tissue Procurement, Handling and Fixation 

Obtained eight pairs of patient-matched frozen prostate sample (Courtesy: Ms. Ella 

Weinkle at Prostate tissue core facility, CLS 508). A confirmed histology report was 

provided (Courtesy: Dr. Loulia Chatzistamou, Instrumentation Resource Facility 

Building 1 room # B-60, USC School of Medicine). The paraffin tissue blocks needed to 

be made (courtesy: Benny Davidson IRF, USC School of Medicine) for sectioning. 

Before sending the tissues for sectioning, each frozen tissue sample required fixing using 

neutral buffered formaldehyde (NBF) for 24-hours. 

Preparation of neutral buffered formaldehyde (NBF)- Mixed 100ml formalin (37-40% 

stock solution) with 900ml deionized water, 4g/L NaH2PO4 (monobasic) and 6.5g/L 

Na2HPO4 (dibasic and anhydrous) at RT. The stock was stored at 4°C. It is suggested to 

prepare fresh NBF solution each time, to maintain 10% w/v ratio of formaldehyde gas: 

water. Do not use paraformaldehyde because, it is not a fixative.  

Alternatively, paraformaldehyde can be broken down into its basic building block 

formaldehyde and be used for the same purpose. This could be done by heating or basic 

conditions until paraformaldehyde became solubilized in order to act as a fixative.  
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To slice the frozen tissue, -20°C microtome at PSC 621 (courtesy: Dr. Hexin Chen) 

was used, so that the un-fixed frozen tissue does not thaw during the slicing and NBF 

fixing. The tissue was sliced using a scalpel and immediately placed in a 15-mL falcon 

tube containing 5mL of NBF at RT. The other half of each tissue was saved in the 

original tubes and carried using dry ice. Unused tissue, required for actual 

experimentation was stored under -80°C conditions (Dr. Mythreye Karthikeyan Lab). 

Almost 50% of prostate tissue from each slice was used for fixing and subsequent 

paraffin-blocking and sectioning to determine its histology. Each piece of tissue makes 

one paraffin block. This was because of the nature of prostate cancer, as it exists in small 

discrete areas in the tissue. The number of sections mounted per slide were two and were 

further H&E stained by IRF for evaluation. (Leftover paraffin blocks were stored in 

GSRC435 refrigerator at 4°C). 

Procedure for Prostate Tissue Pulverization Using Liquid Nitrogen 

All the pulverization was handled under the sterilized fume-hood cabinet. A liquid 4L 

Nitrogen tank was set nearby. Tin foil was applied all over the fume-hood to ensure a 

safer clean up after working with tissue (potential biohazard). All the necessary supplies 

were kept under the hood after spraying with 70% ethanol mixture (sharps container, box 

of ice, autoclaved-pipette tips, 1000 µL pipette, towels/tampons, 16 G needles, mortar 

and pestle, lysis buffer with protease inhibitor). The mortar and pestle was pre-chilled by 

pouring in liquid nitrogen and allowing it to evaporate. The tissue was place along with a 

little amount of nitrogen; the tissue must remain in nitrogen at all the times. Before, 

pulverization by twisting motion, it was ensured that the tissue had completely frozen or 

attained a stone like form. Then it was lightly crushed by tapping from the top (this 
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needed to be done carefully, else the tissue piece could bounce out of the mortar. Used 

tap and turn technique for pulverization while adding small aliquots of nitrogen (extreme 

care!).  

Scooped up all the pulverized tissue using the scalpel and transferred into an 

Eppendorf containing 1mL of cold lysis buffer with protease inhibitors. The crushed 

sample was passed through the 16 G needle several times, to break any larger chunks of 

tissues. This step was done to homogenize the tissue slurry for greater action of lysis 

buffer. The sample was rested in the buffer, meanwhile the next tissue piece was 

pulverized. Mortar and pestle were bleached each time before working with a new tissue 

to avoid contaminations. 

The tissue slurry in the lysis buffer was centrifuged using 4°C centrifuge for 20 

minutes. The supernatant was removed carefully leaving the tissue pellet behind and the 

supernatant was further used for membrane protein extraction. 

Prostate tissue may contain a layer of adipose tissue, which floats as fat layer on the 

top of the supernatant during the centrifuge. In that case, carefully positon the pipette to 

only collect the middle layer of supernatant. 

Extraction of Protein from Colon Cell Membrane and Prostate Frozen Tissue and its 

Corresponding Fluorescent Labeling using FITC 

The Qiagen® Plasma Membrane Protein Kit was used to extract plasma membrane 

proteins and glycoproteins from cells as well as tissues; this is because out of five 

commercially available membrane extraction kits, it gave the highest membrane protein 

yield and the second least amount of cytosolic protein contamination. 14 The starting 

material for one fractionation procedure is 1 x 107 adherent cells. That corresponded to 
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four 75-cm2 cell flasks at 70% confluence. Cells were incubated in a hypotonic lysis 

buffer, causing them to swell. After the addition of a mild detergent, the cells burst and 

the resulting cell suspension was homogenized by mechanical disruption using a needle 

and syringe. Intact cells, cell debris, nuclei and the major organelles were removed by 

centrifugation under 4°C temperature at 12000X g for 20 minutes. The resulting 

supernatant contained cytosolic proteins and microsomes (i.e. small vesicles (20–200 nm 

in diameter) formed from the endoplasmic reticulum, Golgi vesicles, and plasma 

membranes). In case of tissue samples, skip this step containing lysis buffer and 

centrifugation and resumed with the next step. 

A ligand specific for commonly expressed antibody molecules on the plasma 

membrane was added to the supernatant. The ligand bound to the plasma membrane 

vesicles and the ligand–vesicle complexes were precipitated using silane coated magnetic 

beads that bound to the ligand. Silane coating prevents non-specific binding. The 1-4µm 

diameter of magnetic beads provided for enough surface area to volume ratio for the 

ligand to bind to the magnetic beads. The plasma membrane vesicles were captured on to 

the bead surface. After washing, plasma membrane vesicles were eluted under native 

conditions and the ligand remained bound to the beads. The membrane protein remained 

in elution buffer and could be stored in -20°C temperature until required. 

The protein extract was centrifuged and buffer exchanged into carbonate buffer pH 

9.8 using Amicon® 10-KDa spin tubes. Later, a BCA assay was performed to obtain the 

concentration of the protein extract. The required amount of protein was added to 

carbonate buffer to make up a total volume of 600 µL. Depending on which dye was 

being used to label, 0.07 µmol FITC or NHS-rhodamine was added and the solution was 
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incubated at 37°C and tumbled for 1-hour. After an hour, the labeled protein was spun 

down using a second Amicon® 10-KDa spin tubes at 4000X g for approximately 15 

minutes. The buffer was exchanged to PBS at RT. The final labeled protein sat in PBS at 

pH of 7.3.  

General Incubation Protocol of Labeled Proteins Extracted from Prostate Tissue 

Approximately 2mg of library resin was tumbled in PBS twice at RT and then pre-

incubated with 1% BSA in PBS containing 10% glycerol for 15-minutes at RT. This pre-

incubation was performed, to reduce the nonspecific binding between the SL and 

proteins. The 1% BSA in PBS with 10% glycerol solution was then removed from the 

beads and 1mL of a 0.0002mg/mL solution of the fluorescently labeled prostate tissue 

extract in PBS was incubated with the beads for 12-hours at 37°C.  

Procedure for (BOC)2O Protection to Design 2-BA Library 

The two designed libraries (2-BA and 3-BA) were both fixed position libraries. The 

2-BA library had a free –NH2 at the N-terminus. To keep the N-terminus –NH2 free even 

during the ivDde de-protection (basic de-protection), the N-terminus was protected using 

(BOC)2O protecting group. The ivDde were the protecting groups on the amino side 

chains of diamino butanoic acids, which were removed for the subsequent attachment of 

phenyl boronic acid on the diamino butanoic acid. Not protecting the N-terminal –NH2, 

causes the attachment of a third phenyl boronic acid residue on the N-terminus. 

Correspondingly, the (BOC)2O protection and avoiding of (BOC)2O protection led to 

formation of 2-BA and 3-BA libraries respectively. Where “2” stood for two of the 

phenyl boronic acid (BA) attachments per SL sequence.  
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Calculate the amount of (BOC)2O (Di-tert-butyl dicarbonate) and 

DIEA/DIPEA/Hünich’s required. The ratio of tentagel beads (bead capacity 

0.25g/mmol): (BOC)2O: DIEA is 1eq: 15eq: 15eq. 15eq was used because (BOC)2O and 

DIEA are quite cheap and the ratio of tentagel beads to bulkiest amino acid (R) was 1eq: 

10eq. 

After calculating for 1000mg of tentagel beads (bead capacity 0.25g/mmol) used 

818.44mg of (BOC)2O and 653.16µL DIEA. After transferring the tentagel beads with 

peptide (free –NH2 group on N-terminus) into falcon tube poured in 6ml solution 

containing (BOC)2O. Added approximately 30 molecular sieves (4X8 mesh size). Using 

a syringe under nitrogen gas environment added the required amount of DIEA. Quickly 

cap and tumble the tube for 3-hours. Be sure to vent the tube initially after 15-20 minutes. 

The beads were washed using DMF followed by MeOH and DMF again. To ensure 

complete (BOC)2O coupling, performed ninhydrin test. The bead should be clear/ yellow 

tinge. If the bead is purple, repeat the coupling again before proceeding to ivDde de-

protection step.  

 Library Screening for Dual Dye Analytes 

The library screening for dual dye analytes followed the same protocol in terms of 

sample concentrations, be it for colon cell membrane extracts, prostate cell secreted 

proteins or prostate tissue proteins. Typically, healthy protein extract was labeled using 

FITC and cancerous protein extract was labeled using NHS-Rhodamine. 0.0001 mg of 

each labeled protein analyte was used to make a total concentration of 0.0002 mg/mL per 

tube. This dual labeled protein mix was then incubated with 2-5 mg of either of the 
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libraries for 12 hours. The standard wash protocol using PBSX 3 times and imaging 

under microscope was done.  
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