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ABSTRACT:

Glycosylate ins, namely glycoproteins and proteoglycans (collectively called glycoconjugates),
are indispe ariety of biological processes. Functions of many glycoconjugates are
regulated hysbheiminteractions with another group of proteins known as lectins. In order to

understan

1

ogical functions of lectins and their glycosylated binding partners, one must
obtain the rot@ins in pure form. The conventional protein purification methods often require

longer tim te infrastructure, costly reagents, and larger sample volume. To minimize some

G

of these pr@hl e recently developed and validated a new method termed Capture and Release

S

(CaRe). Thi tWed is time-saving, precise, inexpensive, and it needs relatively small sample

volume. In this apfroach, targets (lectins and glycoproteins) are captured in solution by multivalent

€

ligands call t capturing agents (TCAs). The captured targets are then released and separated
from their s to obtain purified targets. CaRe could play important roles in discovering new lectins

and glycoc

di}

Basic P reparation of crude extracts containing the target proteins

Alterna

\

: Preparation of crude extracts from Jack bean meal

Alternate Protocol 2: Preparation of crude extracts from the corms of Colocasia esculenta,

Xanthoso

[

ifolium, and from the bulbs of Allium sativum (sources of C. esculenta lectin, X.

sagittifoliu Allium sativum agglutinin, ASA)

O

Alternate Protocol 3: Preparation of E. coli cell lysates containing human Galectin-3 (Gal-3)

h

Alterna : Preparation of crude extracts from chicken egg whites (source of ovalbumin)

{

Basic Protocol 2: Preparation of 2% v/v red blood cell (RBC) suspension

U

Basic Prot tection of lectin activity of the crude extracts

A

This article is protected by copyright. All rights reserved.

2



Basic Protocol 4: Identification of multivalent inhibitors as TCAs by hemagglutination inhibition

assays
Basic Pro!dol !; |esting the capturing abilities of TCAs by precipitation/turbidity assays

Basic Proto ring of targets (lectins and GPs) in the crude extracts by TCAs and separation

of the targetsiliGAmeo mplex from other components of the crude extracts
Basic Protohleasing the captured targets (lectins and GPs) by dissolving the complex
Basic Proto paration of the targets (lectins and glycoproteins) from their respective TCAs

Basic Protagold: \@rification of the purity of the isolated targets (lectins or GPs)

USg

INTRODUC

i

Glycoprot ) and proteoglycans (PGs) constitute a major domain of the protein family

(Stanley etfial. 7; Brockhausen and Stanley, 2017; Lindahl et al., 2017). They are involved in a

d

variety of cellu nd extracellular functions (Varki, 2017). The biological activities of GPs and PGs
are oft ated when their covalently linked glycan chains interact with another group of proteins

called glyc ng proteins (GBPs) (Taylor et al. 2017). GBPs are broadly divided into two

M

subgro nd glycosaminoglycan-binding proteins (GAGBPs) (Taylor et al. 2017; Esko, et al.,

2017). While lectins bind to the glycan chains of GPs, GAGBPs interact with the constituent

I

glycosami hains of PGs. To understand the biological functions mediated by GP-lectin and

PG-GAGBP jons, these proteins must be available in purified forms. Current approaches to

0

purify the molecules include affinity column chromatography (Arora et al.,, 2017), size
exclusion graphy (Burgess, 2018) and ion exchange chromatography (Cummins et al.,

2017). ifieation methods often require elaborate infrastructure, larger volume of starting

th

crude s er operational time and covalent modifications of the reagents. These methods

are also and expensive. Other drawbacks associated with these approaches include

U

nonspecifi ilg and the risk of losing the target proteins.

A
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Immunoprecipitation (IP) (Speth et al., 2014; Lin and Lai, 2017; Kaboord, and Perr, 2008) is
another technique that can identify/purify proteins form limited sample volumes. However, the use
of IP is Wor the above-mentioned proteins. In addition, IP requires costly antibodies and a
substantial of prior information regarding the target proteins. Harsh dissociation (elution)
conditions&cific binding in IP can also produce ambiguous results.

Tn movercome some of the problems described above, we formulated and validated a

new meth “Capture and Release” (CaRe) for lectin and GP purification (Welch, et al. 2020).

In this app@ure 1), target-capturing agents (TCAs) capture targets (lectins or GP) in solution
phase thrmwalent glycan-protein interactions and form insoluble complexes. The captured
as

targets ar from the complexes by competitive monovalent ligands. The released targets

are then s from the TCAs by membrane filtration or gel filtration. CaRe is a relatively rapid
meth

and simple that does not require any affinity matrices, specialized detectors, customized

apparatus, d environments or covalent modification of the reagents. This method can purify
lectins an s from a few milliliters of crude extracts by using nominal infrastructural support and
limited spa CaRe has the potential to expedite the discovery of lectins, glycoconjugates or
any other at engage in multivalent binding with their specific ligands.

[*PlaceEr here.]

STRATEGIC P ING

Identifying ecting reliable sources (plant and animal) of lectins and glycoproteins (targets):
The firs;cmE:f this protocol is to identify the sources of the target lectins and glycoproteins
(target ts are known, their sources are collected for crude preparation by aqueous

extractiiH)vering new targets, sources of interest are identified based on the scientific

questions, 35 and priorities.

Creating a panel ofimonovalent and multivalent ligands: In this protocol, suitable multivalent
ligands rget capturing agents (TCAs), whereas the specific monovalent ligands are used as
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releasing agents. Therefore, the success of this protocol critically depends on the appropriate
selection of the ligands. For known targets, a panel of potentially specific and relevant ligands is

createdM\/n targets, the panel contains a wide variety of ligands with different structural

attributes t d be recognized by lectins of different specificity.

Having acc red blood cells (RBCs) of rabbits: For CaRe, fresh rabbit RBCs are essential for
determining lectin activity as well as for selecting the TCAs and the releasing agents. Therefore, a
steady sup Cs is required.

Selecting t r TCAs: An important factor to consider during the selection of TCAs is their

molecular mhe molecular weights of the TCAs should differ from their targets (at least by 10
e

kDa). This i al for proper separation of the targets from their TCAs.

Knowledge of ;I;SSylated proteins and their receptors: Importance of a clear concept about
glycosylateﬁs and their receptors cannot be overstated, especially when the targets are

unknown. belps solving any unanticipated problems one might encounter when performing the

protocol. m
Basic Prot

Preparation of Crude Extracts containing the target proteins from Soybean flour

Proteins, L recombinant, are generally purified from crude preparations. In the present

study, lecti GPs were purified from crude extracts and cell lysates. These extracts were

prepared ant tissues (seeds, bulbs and corms), E. coli cells and chicken eggs. The main

objectives preparation are to solubilize the target proteins in aqueous buffer, make a clear
solutio ng the cell and tissue debris, and enrich the target proteins, whenever possible.
Anothen’Haspect of crude preparation is to make sure that the target proteins are indeed

present in cts and they are active. This is achieved by checking the crude for the signature

activities get proteins (for example, the signature activity of lectins is hemagglutination.

See Basqﬂ). The purpose of this procedure is to produce workable crude extracts that can

This article is protected by copyright. All rights reserved.
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be used for the capture and isolation of the target proteins. Image of a representative crude extract

is shown in Figure 2.

The Iectin#y ean agglutinin (SBA) is found in soybean. Soybean flour prepared from soybean is

commercig

@ ble. SBA is purified by affinity chromatography from commercially available flour

in a laboratory set-up. The first step of purification is the preparation of crude extract from the flour.

I
Properly p!pared crude solution is required for CaRe.

[*Place figur(f ! ﬁar here.]
Materials:

Soybean flgr rrom Millipore Sigma (Catalog #59633)

Luria Bertani ia (Fisher Scientific, Millipore Sigma)

Hexane (Mi igma)

20mM PhosEuffered saline (PBS, see recipe in Reagents and Solutions)
Ammo from Millipore Sigma (Catalog #A3920)

Dialysis Sa!from Spectrum labs (Catalog # 132650)

Dialysis Sa@
Beaker£izes

Erlenmeyef flasks

Graduate :of various sizes

Spatula<

This article is protected by copyright. All rights reserved.
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50 mL centrifuge tubes

Magnetic stir bars

{

Magnetic st

Standard a nce
H I
Sonicator (Mientiﬁc)

Blender (O‘er Du’last Classic)
Centrifugem Scientific Sorvall Legend X1R)

1. Ta:eaker on a standard analytical balance.

2. W g of Soybean flour into the beaker.

3. Re beaker from the analytical balance and place a magnetic stir bar inside of it. Set
asi lab bench.

4. M ml of hexane into a graduated cylinder

5. ane into the beaker containing soybean flour and let the mixture stir on a stir
plate a temperature for 3 hours.

6. s, remove the mixture from the stir plate and place it on the lab bench.

7. Let the mixture settle until you have a hexane layer and a soybean flour layer.

8. GeSly decant the hexane into a separate waste container.

9. Place the beaker containing the soybean flour layer into the fume hood for air-drying.

@ ove the stir bar before placing it into the fume hood.
eep the beaker in the fume hood up to 72 hours to completely dry the flour.

10. Wsn the flour is dry, disturb it by using a scoopula until it is no longer uniform and set the
11. MO ml of PBS (pH 7.4) into a graduated cylinder.

12. POES into the dry flour and add a stir bar.

13. Le ture stir on a stir plate overnight at 4°C.

14. R e mixture from 4°C and decant it into 50 mL centrifuge tubes.

15. ¢ the tubes on 1957 x g for 30 minutes at 4°C.

This article is protected by copyright. All rights reserved.
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16. Remove the tubes from the centrifuge and pool the supernatant together. Discard the
precipitate.

17. siipiiﬁg’he supernatant again on 9469 x g for 30 minutes at 4°C.

18. Poq supernatant together in a separate beaker and temporarily store at 4°C.

19. W g/liter (30%) of solid ammonium sulfate into a beaker.

20. Boycthe supernatant into the ammonium sulfate and add a stir bar into the mixture.

21. StiShe mixture on a stir plate for 3 hours at 4°C.

22. Afteystiming, centrifuge the mixture on 9469 x g for 30 minutes at 4° C.

23. Po

24. Weigh 516 g/liter (80%) of solid ammonium sulfate into a beaker.
N 7p
S

26. tij’ ture on a stir plate overnight at 4° C.

27. Centrifugelhe mixture on 9469 x g for 30 minutes at 4° C.
28.
29.

the sdpernatant together and temporarily store it at 4° C.

ernatant into the ammonium sulfate and add a stir bar into the mixture.

Dis supernatant.
Disgolve the precipitate in PBS and dialyze the solution until the ammonium sulfate

concentration is less than 0.01 nM (determined from the approximate initial concentration of

sulfate in the dissolved precipitate multiplied by the volume of the dissolved

precipitate and then the product is divided by the total volume of buffer the precipitate was
against. Depending on the volume of the dissolved precipitates and the amount of

a sulfate used, it takes 2 to 4 days and 8 to 12 liters of PBS to complete the

30. Use the dialyzed sample for CaRe.

Alternate l:ro!oco’ 1. Preparation of crude extracts from Jack bean meal

Jack bean i@rce of the lectin Concanavalin A (ConA). ConA is purified by affinity

chromatog m commercially available Jack bean or Jack bean meal. The first step of

purificati eparation of crude extract by using the beans or the meal. ConA was purified by

CaRe er extract of Jack bean.

-

Additional s
Jack Bean fr illipore Sigma (Catalog #10250)

This article is protected by copyright. All rights reserved.
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100 mM HEPES buffer (HEPES, see recipe in Reagents and Solutions)

100 mM Sodium acetate (with ions) buffer (see recipe in Reagents and Solutions)

Sodium acm(see recipe in Reagents and Solutions)

I I
Tawm beaker on a standard analytical balance.

Weigh 28§, ¢ of jack beans into the beaker.
Re beaker from the balance and set aside on the lab bench.

Mmo ml of HEPES buffer (pH 7.2) into a graduated cylinder.

—

Po PES buffer into the beaker and cover with aluminum foil.

Le beans soak in the HEPES buffer overnight at 4°C.

Re beaker from 4°C and set it on the lab bench.

Ge nt the HEPES buffer from the beans.

Reﬂ skin from the beans and place the beans in a separate 1 L beaker.

. Gri ans in a blender and slowly add 100 ml of HEPES buffer five times.
mmme to add HEPES buffer to the mixture until it has a moderate consistency.

A e T T

—_
=]

11. ogenized mixture into a beaker and add a stir bar.

12. Stir ixture on a stir plate overnight at 4°C.

13. ve the beaker from 4°C and decant the mixture into 50 mL centrifuge tubes.

14. Centrifuge the tubes on 1957 x g for 30 minutes at 4°C.

15. Refiiove the tubes from the centrifuge and pool the supernatant together. Discard the
e

16. Ce @ he supernatant again on 9469 x g for 30 minutes at 4°C.

17. Pool the Supernatant together in a separate beaker and temporarily store at 4°C.

18. Weigh out 164 g/liter (30%) of solid ammonium sulfate into a beaker.

19. ernatant into the ammonium sulfate and add a stir bar into the mixture.
20. 1xture on a stir plate overnight at 4°C.

21. Afﬁg, centrifuge the mixture on 9469 x g for 30 minutes at 4° C.

22. Po pernatant together and temporarily store it at 4° C.

23. Wei 516 g/liter (80%) of solid ammonium sulfate into a beaker.

24. supernatant into the ammonium sulfate and add a stir bar into the mixture.

This article is protected by copyright. All rights reserved.
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25. Stir the mixture on a stir plate overnight at 4°C.

26. Centrifuge the mixture on 9469 x g for 30 minutes at 4° C.

27. Di supernatant and dissolve the precipitate in 100 ml of HEPES buffer.

28. Dialyzeshalf of the mixture against HEPES buffer.

20. Dier half of the mixture against sodium acetate buffer (pH 5.2).

30. &oWe dialysis until the ammonium sulfate concentration is less than 0.01 nM.
31. Us!both of the dialyzed samples for CaRe.

Alternate Rfoto . Preparation of crude extracts from the corms of Colocasia esculenta,

ifolium, and from the bulbs of Allium sativum (sources of C. esculenta lectin, X.

G

Xanthoso

sagittifoliuf I1éetin) Allium sativum agglutinin, ASA)

us

Corms of esculenta, Xanthosoma sagittifolium, and bulbs of Allium sativum contain C.
esculenta |@ctin, X. sagittifolium lectin, and Allium sativum agglutinin, ASA, respectively. These corms

and bulbs,

I

from the local market, were used to prepare crude extracts. Lectins from

respective @xt were purified by CaRe.

a

Additional

W

Corms of Colocasia esculenta (From local vendors)

1

Corms of esculenta (From local vendors)

Corms of dina sagittifolium (From local vendors)

O

Bulbs of Al um (From local vendors)

n

100 mM HBPES bufifer (HEPES, see recipe in Reagents and Solutions)

{

100 MM S tate (with ions) buffer (see recipe in Reagents and Solutions)

U

Sodium acetate er (see recipe in Reagents and Solutions)

A
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1. Grind the corms of C. esculenta, Xanthosoma sagittifolium, or Allium sativum and slowly add
500 ml of the perspective buffer.
Ia. P’ is the most suitable buffer when the CaRe is done at the physiological pH (ph
.4). However, if a lectin requires any metal ions for activity, HEPES should be
@f CaRe is done at acidic pH, then sodium acetate buffer should be used.
- b. Continue to add the buffer until the mixture has a moderate consistency.

2. Pofir the homogenized mixture into a beaker and add a stir bar.

3. Stir xture on a stir plate overnight at 4°C.

4. R beaker from 4°C and decant the mixture into 50 mL centrifuge tubes.

5. Centri the tubes on 1957 x g for 30 minutes at 4°C.

6. Rem tubes from the centrifuge and pool the supernatant together. Discard the
progipi

7. Centrifu;sm supernatant again on 9469 x g for 30 minutes at 4°C.

8. Re

tubes from the centrifuge and pool the supernatant together. Discard the
pr 1tate

eat steps 7 and 8 until the solution is transparent or translucent.

9. Usg th ple for CaRe.
Alterna col 3. Preparation of E. coli cell lysates containing human Galectin-3 (Gal-3)

Recombinaﬁn Gal-3 was expressed and produced by E. coli. The bacterial cells containing
expressed e disrupted by sonication in order to release the Gal-3 along with other cellular
components OfE. coli. The cell extract, thus prepared, was used as the source of Gal-3, which was
subseqlﬂed by CaRe.

-

Additional Materis

E. coli (BL21 D nsformed with a plasmid (commercially obtained) expressing human Gal-3

This article is protected by copyright. All rights reserved.
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Sonication buffer (22 mM Tris-HCI (pH 7.5) with 5 mM EDTA, protease cocktail inhibitor added

immediately prior to use)

T

1. Ce@lf (BL21 DE3) transformed with a plasmid expressing human Gal-3 at 1957 x g

forSemminutes at 4°C in order to obtain the cell pellets from 1 to 3 liters of culture.

2. Sonihcell pellets in 20 to 60 ml of sonication buffer [22 mM Tris-HCI (pH 7.5) with 5
ml‘ EDTA}ontaining protease cocktail inhibitor (10puL/ml of sonication buffer). The

sonicatign should be done on ice and at 50% Amplitude for 8 cycles of 30 seconds each with
1-

ingte iAterval in between two cycles.

3. Centrifuge sonicated cell lysate at 1957 x g for 30 minutes at 4°C. Collect the supernatant.
4, Centg supernatant again at 9469 x g for 30 minutes at 4°C. Collect the supernatant.
5. Use rnatant to purify Galectin-3 by CaRe.

Altern col 4. Preparation of crude extracts from chicken egg whites (source of ovalbumin)
Chicke ites contain the glycoprotein ovalbumin. Therefore, commercially available raw

chicken eggs are used as the source of ovalbumin. After separating the yolks, the viscous white part

is clarified si'th buffer to produce the crude extract. Ovalbumin is purified by CaRe from this extract.

Additiofs
Eggs (fr dors)

100 mM Hﬂer (HEPES, see recipe in Reagents and Solutions)

beaker on the lab bench.

e

This article is protected by copyright. All rights reserved.
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2. Carefully separate the chicken egg yolks from egg whites while placing the egg whites into
the beaker. [*Copy Editor: Please query the authors to determine how many egg whites
Shiild be 'sed in this assay. |

e egg whites into a blender and add 50 ml of HEPES buffer.

© 2N kW

. serving a small amount of precipitate is normal
9. Po supernatant together and spin the mixture again on 9469 x g for 30 minutes at 4°C.

10. Po ernatant together. Discard the precipitate.
11. Use the sypernatant for CaRe.

Basic Pr C
V]

Preparation o /v Red Blood Cell (RBC) Suspension

The ability to agglutinate mammalian red blood cells (hemagglutination) is a characteristic feature of
lectins. Th;fcre, hemagglutination tests are performed to determine the presence of lectins in any

biological his test is also done to assess the level of activity of lectins. RBCs from different

mammalia could be used for hemagglutination tests. However, rabbit RBCs are the most
gerpe

commonly cause a wide variety of lectins agglutinate them. Rabbit blood is drawn in the
presenﬂ, thoroughly washed and then fixed volume (most commonly 2% v/v) of RBCs is
suspen ng buffer. This 2% (v/v) RBC solution was used for all the hemagglutination tests
in the pwy. Basic Protocol 2 describes how 2% (v/v) rabbit RBC solution is made. Image of

2% (v/v) ra@solution is shown in Figure 3.

[*Place @r here.]

This article is protected by copyright. All rights reserved.

13



Materials:

{

Unwashed lood from rabbits maintained at Michigan Tech Animal Care Facility

Glass Pipe
|

15 mL Cen bes

20 mM PBS$lbuffer fsee recipe in Reagents and Solutions)

Crll

Micropipe

S

Micropipe

U

Centrifuge

2. (a) Was ed Blood Cells

al

ml centrifuge tubes with 10 ml of PBS buffer.

2. Using a glass pipette, remove 500 pl of unwashed blood cells from the blood collection tube.
3. Pipgtte the 500 pl of blood into each of the six tubes containing PBS.

I

tte up and down continuously until most of the blood has been removed from the

of the pipette walls.

N
Q
D

1t every tube several times to make sure the blood is thoroughly mixed into the

5. i he tubes on 313 x g for 10 minutes at 4°C.

th

move the tubes from the centrifuge without disturbing the packed red blood cells

\]
ﬁ

cant the PBS without pouring out the RBCs.

Pour ack into the tube to the 10 ml line.

This article is protected by copyright. All rights reserved.
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9. Gently invert the tubes several times to mix the RBC pellet in the buffer and place them back
in the centrifuge.

10. Repeat steps 5-9 four more times.

a. Leave a very small volume of PBS on top of the pellet to make sure the RBCs don’t
I

|
dry out.

12. Storet ashed RBCs at 4°C.

2. (b) Mak 2%)v/v RBC Suspension

S

13. Fill entrifuge tube with 9.8 ml of PBS buffer.

[TU

14. Remove one tube of the packed RBCs from 4°C.

d

15. Pip ul of packed RBCs into the 15 ml centrifuge tube using a micropipette.

ipette up and down several times until there is no longer any RBCs adhering to wall

the pipette tip.

Wi

16. Invert the centrifuge tube several times and store at 4°C.

or

Basic Pr

1

Detection @f Lectin Activity of the Crude Extracts

L

This pr ribes the procedures for detecting lectin activity in the crude solution. The

purpose o IS cedure is to confirm the presence of lectins in the crude preparations. The

*

presence s in any sample could be determined by a simple and powerful test called

hemaggl| assay. Most lectins bind to the surface glycans of RBC plasma membrane and thus

form a cr d network of RBCs. This is called hemagglutination. When this happens, the RBCs

A
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are entangled in the network and cannot settle at the bottom of the microtiter plate, in which the
assay is performed. Hemagglutinated RBCs form a distinct pattern (Figure 4) that is easy to detect by
visual iWithout the help of any equipment, such as microscopes and plate readers. By

using a seri iluted sample, the hemagglutination assay determines the level of lectin activity of
that sampl not only detects lectin activity, it is also employed to determine the ligand

bindingspaeifisitymaf the lectins.

Cr

[*Place fig r here.]

Materials:

2% v/v RBC

C
O

ion (generated in Basic Protocol 2)

Micropipe

Micropipefge t

20 mM er (see recipe in Reagents and Solutions)

M

96 well icrotiter plates (ThermoFisher Scientific, Cat #262162)

Crude extract of human Galectin-3 (see Alternate Protocol 3)

[

Crude extrac ack bean and Jack bean meal (see Alternate Protocol 1)

Crude extr flour (see Basic Protocol 1)

Crude extrdct of A. sativum agglutinin (see Alternate Protocol 2)

g

[

Crude e sculenta lectin (see Alternate Protocol 2)

Crude extract of XJsagittifolium lectin (see Alternate Protocol 2)

U

A
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Procedure

1. Piitte 25 il of PBS buffer into 13 wells of the 96-well round bottom plate using a

miéropipette.

@ (two-fold serial dilution) 25 pl of the crude extract up to 12 wells. The range of
256 to 1/4096 of the initial crude.

dilution was
H I

3. Ac! 25 pl of 2% v/v RBC suspension to all 13 wells.

wells will provide 12 sample wells and 1 negative control (the buffer that was used

4. Gengly

foBpreparing the extract was used for negative control)
e the plate a few times.
S

ke the plate very gently until there aren’t any visible smears or lines in the bottom

e well
5. Le sit at room temperature undisturbed for 45-60 minutes.

6. Visuali e absence or presence of lectin activity (agglutination) and note the results.
Fomf a button at the bottom of the titer plate wells indicates an absence of lectin
actladatagelutination), where as a smear-like profile is the signature of lectin activity
(aggluf@inatibn), as shown in Figure 4. The total numbers of wells that show the sign of lectin

lled the titer value. For example, if a sample shows activity up to the fifth well, it

tite is 5. The titer value is used for quantification in subsequent experiments.

Basic Protocol 4

O

Identificﬂultivalent Inhibitors as TCAs by Hemagglutination Inhibition Assays

In the preslnt stu’, targets (lectins and GPs) are captured by target capturing agents (TCAs). Proper
selection o is very crucial for CaRe. Protocol 4 describes how TCAs are identified. CaRe is based
on the principle th@at a target must engage in multivalent binding with its TCAs. Therefore, binding

affinity of the_g@drgets for selected multivalent ligands (potential TCAs) is determined by

)n inhibition assays. The most commonly tested multivalent ligands included

This article is protected by copyright. All rights reserved.
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invertase, bovive thryroglobulin, mannan, asialofetuin, chondroitin sulfate A and C (see Welch et al.,

2020). A representative inhibition profile is shown in Figure 5. Multivalent ligands that show higher

affinity Wre selected as potential TCAs.

Q.

[*Place fligunesSmmear here.]

Materials:

Multivalen@iLigdn

SCI

2% v/v RBC suspeRsion (see Basic Protocol 2)

Ul

20 mM PBS r 100 mM HEPES buffer (see recipe in Reagents and Solutions)

96 well U- unc brand microtiter plates

aln

Micropipe

Microp Ips

Procedure

migropipette.

3. Pi*tte 25 '1 of PBS or HEPES buffer into 2 additional wells of the 96-well round bottom

plate using a micropipette.
4. Serial dilurs (2-fold serial dilution) 25 ul of the ligand into 7 of the 8 wells.

5. Pipette 1 of the ligand into the 8" well.
ﬂ This will act as the ligand control. Do NOT serial dilute.

This article is protected by copyright. All rights reserved.
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6. Pipette 25 pul of the lectin crude into the 7 wells that contains the serial diluted ligand.
a. Do NOT pipette your lectin into the 8" well that contains your ligand control.
7. Wl of the lectin into the one of the 2 additional wells that contain PBS or HEPES

buf]
Il act as the lectin control.

8. miocathpshake the plate and let it sit at room temperature for 30-60 minutes.

9. Pipette 25 ul of the 2% v/v RBC suspension into all 10 wells.

10. Pipgfte 1 of the 2% v/v RBC suspension in a well containing only 25 pl of buffer (this
wewBC and buffer control).

11. Geme the plate and let it sit at room temperature for 30-45 minutes.
12. Vi

F

d note the results.
! multivalent ligands that show inhibitory activities are selected for the

ipitation experiments.

O
Basic Prm

Testing t ring abilities of TCAs by precipitation/turbidity assays

Good affinity for targets is not the only criterion of a multivalent ligand to be qualified as an effective
TCA. An i(&l multivalent ligand for use with the CaRe system must also be able to cross-link

(precipitate rgets.

Protocol 5 es how the cross-linking or precipitating abilities of TCAs are determined. When
the Iecmtargets, multivalent glycoproteins will be screened as TCAs. If the targets are
glycopr ; ied lectins will be used as TCAs. If performed properly, the targets (lectin or
glycopro terest will precipitate out of solution by binding to the TCAs. The extent of

precipitation is m@nitored by a UV-Vis spectrophotometer at 420 nm (Figure 6). The most effective

TCA shoul osen based on its ability to precipitate a substantial amount of target out of

sqution{cermined by the OD values (at 420 nm) obtained with respective TCAs. The TCA,
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that gives maximum OD (generates maximum precipitates) compared with other TCAs on a molar

basis, is considered as the most effective TCA.

{

[*Place fig re.]

SCI

Materials:

Multivalent Ligands that showed higher affinity in Basic Protocol 4

Purified Co avalin A (ConA) (Millipore-Sigma, Cat # L7647)

Crude extract of an Galectin-3 (see Alternate Protocol 3)

3

Crude extrdct of Jack bean (see Alternate Protocol 1)

£

Crude extr ativum agglutinin (see Alternate Protocol 2)

a

Crude extratt of@esculenta lectin (Tarin) (see Alternate Protocol 2)

Crude extrac agittifolium lectin (see Alternate Protocol 2)

M

Crude flour (see Basic Protocol 1)

Crude extrdtt of egg white (see Alternate Protocol 4)

[

20 mM PB r 100 mM HEPES buffer (see recipe in Reagents and Solutions)

Q

Micropipettes

h

Micropi

{

Quartz cuvettes

U

UV-Vis Spe ometer

1.5ml trifuge tubes

A
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Kimwipes

T

5. (1) Prepaui Spectrophotometer

1. Ch orbance on the spectrophotometer to 420 nm.
2. ?ifstte | rnl of buffer into the reference and sample cuvettes.

3. A e spectrophotometer.

5. (2) Precipitdtioniof Target Lectins from the Crude Solution

$C

4. Perf paring the Spectrophotometer” before proceeding with step 5.

U

5. Remove the sample cuvette from the spectrophotometer and decant the buffer.

N

6. Add e lectin crude with known hemagglutination titer to the sample cuvette.

7. Plac@th tte into the spectrophotometer.

d

sorbance.

he spectrophotometer.

i

10. Remove the sample cuvette from the spectrophotometer.

{

11. Pipette 5 ul of the multivalent ligand (stock solution with known concentration) into the

cuvett

12. Inv vette once.

n

13. Use a Kimwipe to wipe the cuvette and place it back into the spectrophotometer.

L

14. Re bsorbance.

U

15. Continue steps 8-11 until the curve plateaus and slightly decreases.

Make a note of the amount of ligand added where it plateaus before it decreases.

A
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16. Decant the mixture in the sample cuvette into a 1.5 ml microcentrifuge tube.

17. Incubate the mixture at room temperature for 1-12 hours (incubation time varies based on

the safples. It is decided by checking the OD at different time points).

18. De toichiometric ratio for the target lectin and multivalent ligand. The
congenitmatiemmwalue of a ligand that produces the highest OD point with a given crude solution
ona an curve is noted. That concentration value of the ligand with regard to the given

crude tiofyis the stoichiometric ratio.
e the concentration of a ligand at its stoichiometric ratio for the respective lectin
crile for Basic Protocol 6.

5. (3) Precipitation of Target Glycoproteins from the Crude Solution
19. Peﬂ:paring the Spectrophotometer” before proceeding with step 20.
20. Rem sample cuvette from the spectrophotometer and decant the buffer.
21. purified ConA to the sample cuvette.
22.

e cuvette into the spectrophotometer.

23. Record the absorbance.

24, Au!ozero !He spectrophotometer.
25. Rer@ sample cuvette from the spectrophotometer.

26. Pidtte 5 wl of the glycoprotein crude into the cuvette once.

27. Mvette once, after putting a lid on the cuvette.
28.Use a Kim5pe to wipe the cuvette and place it back into the spectrophotometer.

29. Reco bsorbance.
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30. Continue steps 8-11 until the curve plateaus and slightly decreases.

ammidake a note of the amount of glycoprotein crude added where it plateaus before it
Q eases.

ixture in the sample cuvette into a 1.5 ml microcentrifuge tube.

31.8e

f

32. Incm mixture at room temperature for 1-12 hours (incubation time varies based on

the sa is decided by checking the OD at different time points).

Thelab@veSteps could be performed by placing crude containing target GPs in cuvette and

LES

adding s TCAs (5 ul at a time). This alteration is done if the former approach does not

produce suffici@nt precipitation.

Basic Pro

all

Capturing of s (lectins and GPs) in the crude extracts by TCAs and separation of the target-

W

TCA co ther components of the crude extracts

Once the st effective TCAs are determined following the procedures described above, specific

f

TCAs are mixed in proper ratios (as described in Basic Protocol 5(2), step 18 above) with the crude

preparatio ing the targets. The targets bind to the TCAs and form insoluble cross-linked

complexes and"the mixture becomes turbid (Figure 7). When centrifuged, these complexes settle as

pellets at the bottom of the tubes, leaving the impurities in the supernatant (Figure 8). When the

supernatant is arded, the only material remains in the microfuge tubes is the target-TCA

{

complex.

U

[*Place near here.]

A
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[*Place figure 8 near here.]

{

Materials:

Crude extr
[ |

TCA soluti

[l

20 mM PBS$lbuffer 8r 100 mM HEPES buffer (see recipe in Reagents and Solutions). If any lectin

SC

requires metal igns, HEPES is used. Otherwise, PBS is used.

Micropipet

Micropipette tips

J

Centrifuge

dall

6. (1) Capt targets (lectins or GPs)

1.

&
s

target lectin with the proper capturing agent (TCA) as described in Basic Protocol
ove.
For capturing the targeted GP from the crude, use purified ConA as the TCA.
2. Ingmbate the mixture for 1-12 hours at 4°C (incubation time varies based on the samples. It is
d checking the OD at different time points).
3. Ce @ he mixture at 9469 x g for 30 minutes at 4° C.

4. Discd ¢ supernatant (in certain cases, the supernatant could be reused and steps 1-3 can be

or

dofie with 1t to capture additional amount of target)

th

6. (2) Was nsoluble Precipitate

U

5. Pipette 1 migof cold buffer (the same buffer the crude sample and the TCA were in) along the

wallié icrocentrifuge tube with the precipitate.
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6. Centrifuge the precipitate with the buffer on 6339 x g for 5 minutes at 4° C.

7. Discard the buffer.

{

8. Repeat steps 5-7 two more times.

C )

After the last wash, keep a small amount of buffer on top of the precipitate to keep the

H -
s sample from drying.

9. Store at 4° C (depending on the samples, they remain stable up to 6 months).
Basic PrDI

Releasing mred targets (lectins and GPs) by dissolving the complex

This pr nts the procedure for releasing the captured targets (lectins or GPs) from their
respective is is accomplished by dissolving the target-TCA complex with the help of specific
monov ands in appropriate concentration (200 mM to 400 mM, which is about 100-500 times

more than respective TCA concentration. Such higher concentrations of monovalent ligands are used

to assure 5complete dissociation of target-TCA complex. This concentration is determined from

dissociation experiments by using a range of concentration of monovalent ligand to find out the

Fation of a monovalent ligand required to completely dissolve the target-TCA
complex) or by changing the pH of the solution (in certain cases, it is difficult to dissolve target-TCA
complex byladding monovalent ligands because some lectins do not bind to monovalent sugars. For
those target lectins the target-TCA complex is dissolved by changing the pH of the buffer. Depending
on the Mf the target or captor lectins, mannose, galactose, lactose, fucose and GalNAc

could be used as c@mpetitive monovalent ligands to dissolve target-TCA complex).
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Materials:

Precipitated complexes (see Basic Protocol 6)

{

Monovalen rides

20 mM PB
|

0 mM HEPES buffer (see recipe in Reagents and Solutions)

2

100 mM so@li tate buffer without ions (pH 4.9, see recipe in Reagents and Solutions)
Micropipettes

Micropipetfe' ti

USC

Procedure

E)

1. Makg a high concentration (200 mM-400mM) of monovalent saccharides in PBS.
2. Rem recently precipitated complexes from 4° C (from Basic Protocol 6).

Pipette 1 ml of the monovalent saccharide solution along the wall of the microcentrifuge tube
-

containing the complex.

W

4. Incubate the mixture for 4-18 hours until the complex dissolves and the opaque solution

becomes gradually clear (checked visually, can also be checked by measuring OD at 420 nm).

[

For most protein tested, one can vortex the mixture to dissolve the precipitate quickly.
5. Ifthe complex does not dissolve, perform the following steps:
. trifuge the mixture on 6339 x g for 15 minutes at 4° C.

Precipitate.

S. !!entrifuge the precipitate with the buffer on 6339 x g for 5 minutes at 4° C.
““Discard the buffer.

Hette 1 ml of 100 mM sodium acetate buffer (pH 4.9) into the microcentrifuge tube.

. bate the solution for 4-18 hours.
: rtex the solution if some precipitate is still observed.

ette 1 ml of cold buffer along the wall of the microcentrifuge tube holding the
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Basic Protocol 8

Separatio*f the 'argets (lectins and glycoproteins) from their respective TCAs

The purpomcedure describe in this protocol is to separate the targets from the TCAs by
filtration ol raphy. As described above, the main features of an effective TCA are their
afﬁnity!om%ets as well as their ability to precipitate the targets. As mentioned in the

Strategic Fhabove, an essential factor to consider during the selection of TCAs is their

molecular Weight.WWhe molecular weights of the TCAs should differ from their targets (at least by 10

C

kDa). This is sary for proper separation of the targets from their TCAs.

Materials:

us

Dissociate CA complexes (from Basic Protocol 7)

N

Amicon membrane filtration tubes MWCO: 100 kDa, 50 kDa, 30 kDa, 10 kDa (Millipore-Sigma,
Catalog #: UF 0, UFC9050, UFC9030, UFC9010)

A

20 mM ee recipe in Reagents and Solutions)

100 m acetate buffer (pH 5.2 without ions, see recipe in Reagents and Solutions)

M

Flex-Column Economy Column 177 x 1.5 cm (Kimble-Chase, Catalog #420401-1511)

I

Fraction co ubes

Bio-gel P-1( @ (Bio-Rad, Catalog #1504170)

Micropipe

M

Micropi

t

Centrifuge

U

Quartz cuvett

A

UV-vis spec ometer

This article is protected by copyright. All rights reserved.

27



8. (1) Separating the Galectin-3-TCA complexes

1. Wag membrane filtration tubes per the manufacturer’s instructions.
2. Piociated complex onto the 100 kDa or 50 kDa molecular weight cutoff
ghembanefiltration tube.
Molecular weight cutoff of the filters is selected based on the masses of the

Itivalent ligands (TCAS) and their relative differences from those of the targets.
Fa¥ example, bovine thyroglobulin (Tg), the TCA of Galectin-3 is 670 kDa, whereas

w;nolecular weight of the target (Galectin-3) is 29 kDa (monomeric) and 150 kDa
(o,

omeric).
Ce he mixtures on 5000 x g for 10 minutes 4° C.
Remove the filter from the centrifuge.

Pip ottom fraction onto a 10 kDa membrane filtration tube.

Cefitrifuge the fraction on 5000 x g for 10 minutes 4° C.
Remove the filter from the centrifuge.

of PBS buffer onto the top of the filter.

° »®» N kW

the membrane filtration tube until the final volume on the top of the filter is

imately 1 ml.
10. Use i ction to check the purity of the lectin by SDS-PAGE.
11. at the bottom of the filter is also checked by SDS-PAGE.

L

8. (2) Sepa e ConA-TCA complexes

12. Wash the membrane filtration tubes per the manufacturer’s instructions.

13. Lissociated complex onto the 100 kDa membrane filtration tube.
Ia. Molecular weight cutoff of the filters is selected based on the masses of the

mifitivalent ligands and their relative differences from those of the targets.

14. Centrj he mixtures on 5000 x g for 10 minutes 4° C.
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15. Remove the filter from the centrifuge.

16. Pipette the bottom fraction onto a 50 kDa membrane filtration tube.

{

17.Ce he fraction on 5000 x g for 10 minutes 4° C.
18. Re er from the centrifuge.

I
19. Pip of HEPES buffer onto the top of the filter.

20 Cengrifuge the membrane filtration tube until the final volume is approximately 1 ml.

C

21. Usefthi tion to check the purity of the lectin using SDS-PAGE.

US

8. (3) Separating the SBA-TCA (non-ConA) complexes

N

22. W embrane filtration tubes per the manufacturer’s instructions.

23. Pip€tt issociated complex onto the 100 kDa membrane filtration tube.

a

ecular weight cutoff of the filters is selected based on the masses of the

tivalent ligands and their relative differences from those of the targets.

M

24. Centrifuge the mixtures on 5000 x g for 10 minutes 4° C.

25. Rempve the filter from the centrifuge.

d

26. Pi @ of PBS buffer onto the top of the filter.

'-c

27. Centgi he membrane filtration tube until the final volume is approximately 1 ml.

28. tion to check the purity of the lectin using SDS-PAGE.

{

U

8. (4) Sepa e ASA-TCA complexes

29. e membrane filtration tubes per the manufacturer’s instructions.

A
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30. Pipette the dissociated complex onto the 100 kDa membrane filtration tube.

Molecular weight cutoff of the filters is selected based on the masses of the

tivalent ligands and their relative differences from those of the targets.
31. Cemixtures on 5000 x g for 10 minutes 4° C.
32. Eegm filter from the centrifuge.
33.Pip t ottom fraction onto a 50 kDa membrane filtration tube.
34. Centriftge the fraction on 5000 x g for 10 minutes 4° C.
35. Re filter from the centrifuge.

36. Pipette 5 ;of HEPES buffer onto the top of the filter.

37. CeEhe membrane filtration tube until the final volume is approximately 1 ml.

38. Useﬁtion to check the purity of the lectin using SDS-PAGE.
8. (5) Se§e C. esculenta lectin-TCA complexes
39. embrane filtration tubes per the manufacturer’s instructions.

40. PipSte the dissociated complex onto the 100 kDa membrane filtration tube.

Qﬂecular weight cutoff of the filters is selected based on the masses of the

tivalent ligands and their relative differences from those of the targets.

41. Ce!rifuge the mixtures on 5000 x g for 10 minutes 4° C.

42, W filter from the centrifuge.

43. Pipette tESbottom fraction onto a 50 kDa membrane filtration tube.

44. Centri he fraction on 5000 x g for 10 minutes 4° C.

45. Re e filter from the centrifuge.
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46. Pipette 5 ml of HEPES buffer onto the top of the filter.

47. Centrifuge the membrane filtration tube until the final volume is approximately 1 ml.

48. Usdn to check the purity of the lectin using SDS-PAGE.

[

8. (6) Separatil e X. sagittifolium lectin-TCA complexes

49, W@embrane filtration tubes per the manufacturer’s instructions.

50. Pi issociated complex onto the 100 kDa membrane filtration tube.

S

ecular weight cutoff of the filters is selected based on the masses of the

multivalent ligands and their relative differences from those of the targets.

L

51. Ce he mixtures on 5000 x g for 10 minutes 4° C.

3

52. Rem filter from the centrifuge.

c

53. Pipatte ottom fraction onto a 50 kDa membrane filtration tube.

54. Ce the fraction on 5000 x g for 10 minutes 4° C.

\W

55. filter from the centrifuge.

56. Pipgtte 5 ml of HEPES buffer onto the top of the filter.

[

57. he membrane filtration tube until the final volume is approximately 1 ml.

X

58. Use t action to check the purity of the lectin using SDS-PAGE.

th

8. (7) Sepa e Ovalbumin-ConA complexes

U

59. W embrane filtration tubes per the manufacturer’s instructions.

he dissociated complex onto the 100 kDa membrane filtration tube.

A
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a. Molecular weight cutoff of the filters is selected based on the masses of the

multivalent ligands and their relative differences from those of the targets.

61. Mhe mixture on 5000 x g for 10 minutes 4° C.

62. Reer from the centrifuge.
63. Hpﬁbottom fraction onto a 50 kDa membrane filtration tube.

64. Cenggifugaathe fraction on 5000 x g for 10 minutes 4° C.

65. Remo e filter from the centrifuge.

S

66. Pi t ottom fraction onto a 30 kDa membrane filtration tube.

67. Centrifugehe fraction on 5000 x g for 10 minutes 4° C.

9

68. Re filter from the centrifuge.

§

69. of PBS buffer onto the top of the filter.

O 9
o S

®
iy

70. e membrane filtration tube until the final volume is approximately 1 ml.

71. ction to check the purity of the lectin using SDS-PAGE.

I\ZI
wn
m,

8. (8) Separ@ting the Tarin-ConA complexes

72. Wa @ embrane filtration tubes per the manufacturer’s instructions.

73. Pip issociated complex onto the 30 kDa membrane filtration tube.

n

ecular weight cutoff of the filters is selected based on the masses of the

|

tivalent ligands and their relative differences from those of the targets.

74. Centrifugehe mixture on 5000 x g for 10 minutes 4° C.

L]

75. Re e filter from the centrifuge.

A
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8. (9) Sepa

76. Pipette the bottom fraction onto a 10 kDa membrane filtration tube.

77. Centrifuge the fraction on 5000 x g for 10 minutes 4° C.

{

78. Re filter from the centrifuge.

p

79. Pip
[ |

sodium acetate buffer onto the top of the filter.

80. Cenftgi he membrane filtration tube until the final volume is approximately 1 ml.

81. Usélthis frdétion to check the purity of the lectin using SDS-PAGE.

SC

e SBA-ConA complexes

U

82. Prepare and calibrate a Flex-Column Economy Column (dimensions: 177 x 1.5 cm) with Bio-

gel P-100 beads according to the manufacturer’s instructions.

[0)

83. Se rate for the column.

d

84. Load approximately 1 ml of the dissociated complex onto the column.

85. When mplex has been absorbed onto the column pipette 100 mM sodium acetate (pH

r onto the column.

86. Usgwl 00 mM sodium acetate buffer as the mobile phase for the column.

[

87. Coll fractions.

O

88. Chec fraction using a UV-vis spectrophotometer at an absorbance of 280 nm.

89. rity of the fractions using SDS-PAGE.

Auth
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Basic Pritocol"l

Verificatiomofithespurity of the isolated targets (lectins or GPs)

After the separation from their TCAs, the targets need to be checked for their purity. This is done by
SDS-PAGE.JA repreSentative SDS-PAGE profile is shown in Figure 9.

[*Place fig r here.]

US

Materials:

SDS-PAGE fin uffer (see recipe in Reagents and Solutions)

dll

SDS-PA uffer (see recipe in Reagents and Solutions)

SDS-PAGE s olution (see recipe in Reagents and Solutions)

W

SDS-PAGE de-staining solution (see recipe in Reagents and Solutions)

TGX Stain-

[

2% (Bio-Rad, Catalog #4568043)

Broad rang @ ned protein standard (New England Biolabs, Catalog #P7719S)

0.6 ml mic ge tubes

n

Micropipetges

{

Micropipe

U

100 ml beaker

Erlenme

A
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Glass Pipettes

Gel Ioadini tips

Mini Protei ell (BIO-RAD)
PowerPac y (BIO-RAD)
I

Microcent patible heater (Themo-Fisher)

Procedure

SCF

1. RewS-PAGE running buffer from 4° C.
Turn the heater on and set the temperature to 95° C.

—
Make a 1X solution of the SDS-PAGE running buffer.

|

Decant 50 ml of the 1X running buffer into a 100 ml beaker.

A

Remove the TGX stain-free gels from 4° C and wash them with the 100 ml of 1X running

buffer according to the manufacturer’s instructions.
| G
Set up the Mini-Protein Tetra cell according to the manufacturer’s instructions.
e the protein standard from -20° C and bring it to room temperature.

P pl of sample buffer into a 1.5 ml microcentrifuge tube.

S I )
M'
N

1 of B-mercaptoethanol into the sample buffer.

IS

r.

Mix the solution thoroughly by pipetting up and down or vortex.
10. Pi 1 of each sample into the 0.6 ml microcentrifuge tubes.

ude commercially available purified samples as references.

O

11. Pip 1 of the sample buffer into each sample tube
! thoroughly by pipetting up and down.

be in the heater set for 95° C.

n

12.
13. Let the tubes incubate at 95° C for 5 minutes.
s

14. Remove the tubes from the heater.

3

15. Pipette 10 il of the protein standard into one of the wells on the gel.

16. Pipette 1 of each sample into the wells of the gel.

\

17.[Run the gel at 150 V until finished (the dye reaches the bottom of the gel).

/

This article is protected by copyright. All rights reserved.

35



18. Stain the gel for 2 hours using enough SDS-PAGE staining solution to cover the gel.
19. Discard the staining solution after staining.
20. Add the de-staining solution to cover the gel and let the gel de-stain until the desired
———
background is achieved.
&y

21. Note the results.

REAGENE) SOLUTIONS

Use ultraonnized water in all recipes. All SDS-PAGE recipes were taken from a manual

provided b nufacturer.

)

1.20 mM Phosph;e Buffered Saline, pH 7.4 (10X)

E ut 4.83 g of sodium phosphate monobasic monohydrate and placeitina 1 L

ith a stir bar.
ml of ultrapure water and begin to dissolve the solute.
t 42.88 g of sodium phosphate dibasic heptahydrate and add it to the 1 L beaker.

additional 300 ml of ultrapure water.

solute completely dissolve before performing the next step.

eigh out 90.0 g of sodium chloride and add it to the 1 L beaker.

7. Add water to the 900 ml mark.

8. siet the solute completely dissolve and then transfer the solution to a 1 L graduated

9. he volume to 1 L, cover, and invert several times.

¢ the pH of the solution (pH should be 6.7-6.8).

E 1X dilution from the stock and check the pH (pH should be 7.3-7.4).
e 10X and 1X at room temperature until ready for use.

2. 100 mMEuffer with calcium and manganese, pH 7.3 (1X)

1. {11‘[23.88 g of HEPES and place it in a 1 L beaker with a stir bar.
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Add 150 ml of ultrapure water and begin to dissolve the solute.

Weigh out 0.74 g of calcium chloride and add it to the 1 L beaker.

Add an additional 150 ml of ultrapure water and continue to dissolve the solute.
Weighseut 8.77 g of sodium chloride and fill the beaker to the 450 ml mark.

Le @ e completely dissolve.

Make a 2M NaOH solution.

I I

Wien finished, adjust the pH of the 1X HEPES buffer to 7.2.

e A R o

.99 g of manganese chloride and add it to the 1 L beaker.

10. Le#lthe solfite completely dissolve and then transfer the solution to a 1 L graduated cylinder.
11. Adjus volume to 1 L and check the pH again (pH should be 7.2-7.3).

12. Stote solution at room temperature until ready for use.

3. 100 mM &Acetate with calcium and manganese, pH 5.2 (1X)

—

W 3.6 g of sodium acetate and place it in a 1 L beaker with a stir bar.

of ultrapure water and begin to dissolve the solute.
W .74 g of calcium chloride and add it to the 1 L beaker.
tional 150 ml of ultrapure water and continue to dissolve the solute.

.77 g of sodium chloride and fill the beaker to the 450 ml mark.

>

Weig
te completely dissolve.

Check the pH.

Adjist the pH to 5.2 using acetic acid.

Ohsired pH has been reached, adjust the volume to 950 ml and let the solution mix.
10. W.99 g of manganese chloride and add it to the 1 L beaker.

11. Let the%solute completely dissolve and then transfer the solution to a 1 L graduated cylinder.

12. ASst tEe volume to 1 L and check the pH again (pH should be 5.1-5.2).
13. solution at room temperature until ready for use.

4.100 m/‘: Acetate without calcium and manganese, pH 5.2 (1X)

put 13.6 g of sodium acetate and place it in a 1 L beaker with a stir bar.

N = R S
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Add 950 ml of ultrapure water.

Let the solute completely dissolve.

Check thejpH.

Adj be pH to 5.2 using acetic acid.

olume to 1 L and check the pH again (pH should be 5.1-5.2).

N A w
I?

. -Store the 1X solution at room temperature until ready for use.

. Note: For the sodium acetate pH 4.9 solution, follow the same steps but adjust the pH
9.

5. Tris-HCI r with EDTA, pH 7.5

USC

Steps for 1 Cl 500 ml solution:

I

1. Di .5 g of trizma base into 350 ml of ultrapure water.

Adjus 0 7.85 by adding 12.1 N HCl and monitor the change in pH using a pH meter.

a

Adjust inal volume to 500 ml.
1d change to ~7.6.

Store ck in the refrigerator after use.

A

 SYERN

How to 22 is-=HC| EDTA

1. Ta of the 1 M Tris-HCI and add it to 978 ml of ultrapure water.
The ould be around 7.73.
out 1.86 g of EDTA and add it to the solution.

A completely dissolve.

0O

pH using the pH meter.
NaOH or HCl as needed.

AN
tﬁ

Al
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6. SDS-PAGE Running Buffer (10X)

Weigh out i)O.3 g of Tris base and place it in a 1 L beaker with a stir bar.
ml of ultrapure water

Wi @ 44.1 g of Glycine and place it in the 1 L beaker

¢ volume in the beaker to 600 ml by adding 400 ml of ultrapure water

I . L
Waeigh out 10.0 g of sodium dodecyl sulfate (SDS) and place it in the 1 L beaker
A(&r

olume in the beaker to 900 ml in 300 ml of ultrapure

A A TR o

e: when ready for use make a 1 X solution to use as the running buffer. Store any
exgess buffer at 4°C.

N

7. SDS-PAGE Staining Solution

d

A of ultrapure water to a 250 ml graduated cylinder.
olume of the cylinder to 225 ml by adding 50 ml of methanol.

Adjust olume of the cylinder to 250 ml by adding 25 ml of acetic acid.

M

aduated cylinder several times to mix.
Weigh out 0.625 g of Coomassie brilliant blue.
Di

[

powder into the solution in an Erlenmeyer flask.

Filtg olution to remove any undissolved powder.

o NN kD=

oOm temperature until ready for use.

tho

8. SDS- e Buffer

Mix the following igredients in a 50 ml falcon tube

LI

1. 3.7 .5 M Tris-HCI pH 6.8
2. 50% Glycerol
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3. 0.3 ml of 1.0% Bromophenol blue
4. 6 ml of 10% SDS
5
6

Mme to 30 ml by adding ultrapure water.

. St(don at room temperature until ready for use.

9. SDS-PA(L'ning Solution

1. Ta@OO ml graduated cylinder.
2. Addg, of ultrapure water to the cylinder.
3. Ca d 75 ml of methanol to the cylinder.
4. Ca d 50 ml of acetic acid to the cylinder.
5. In aduated cylinder several times to mix and store the solution at room temperature
unt or use.
COMMEN
BACKGRO RMATION:

Column cI'Smatographic techniques (affinity, size exclusion, ion exchange) for protein (including

lectins and glycoproteins) purification are time intensive, elaborate, expensive, multistep, and they

often co-p @ esirable proteins. Immunoprecipitation (IP), another widely used technique for
protein identification/purification, requires antibodies against the targets and substantial amount of
prior knowledge about the targets. IP is also associated with antibody contamination, non-specific
binding and sample degradation. The present method (CaRe) was formulated to address some of
these issﬁaf{e;\/as successfully employed to purify several lectins and glycoproteins (see Welch
et al., 2020). CaR@lis faster and cheaper. This method does not require expensive affinity matrix,

antibody, elaborate infrastructure, controlled environment, specialized equipment and

functio of reagents.
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CRITICAL PARAMETERS:

7

The most Qart of CaRe is the selection of TCAs. The success of CaRe depends of the

foIIowirﬂ s. Binding of the target to the TCA must be multivalent and the binding should

lead to pre formation (through non-covalent cross-linking). The precipitates should dissolve

by speciﬁc@ent ligands or by changing the pH. The molecular weight of the targets should

not be close at of the TCAs to ensure proper separation of purified targets from their TCAs.
Most Iectirwemagglutination activities. Therefore, the presence of a lectin in a crude solution
can easily be done by a simple agglutination test. This test is also crucial for the identification of

TCAs. Some Iectins however, do not show hemagglutination activity. For those lectins, TCAs could

be identified bf Erecipitation assays as described above in this protocol.

It is n mon but sometimes the precipitates are not easy to dissolve. However, this

TROUB

problem is solved by altering the concentration of the competitive monovalent ligands,
increasin?he incubation time with the monovalent ligands or changing the pH of the
solution. As_mentioned above, TCAs with molecular weights similar to those of the targets

should no @ d in this method. If their molecular weights are close, a combination of

membrane filfration, gel filtration and SDS-PAGE analysis can be used to separately identify
them. If the amount of precipitation is insufficient, the crude should be concentrated and the

incubatioqtime ,'th the TCAs should be increased.

U
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UNDERSTANDING RESULTS:

Results obtai t each step of CaRe are easily understandable. For example, hemagglutination
patterns (fmﬂcate lectin activity in crude solution. Inhibition patents and precipitation
curves (GigumesSmbiigure 6) help identify TCAs, Formation of precipitates represents target capturing
by TCAs (m Figure 8). SDS-PAGE profiles prove proper separation of targets from their

respective @Nell as the purity of the targets (Figure 9).

TIME CON ONS:

Uus

Basic Prot . paration of Crude Extracts containing the target proteins: 12-72 hours.

al

Basic Proto€al paration of 2% v/v Red Blood Cell (RBC) Suspension (2 hours).

Basic P tection of Lectin Activity in the Crude Extracts (1 hour).

r M

Basic Proto entification of Multivalent Inhibitors as TCAs by Hemagglutination Inhibition

3

Assays (2 h

h

Basic Pr ~1esting the capturing abilities of TCAs by precipitation/turbidity assays (45 minutes

{

per ligand)

U

A
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Basic Protocol 6: Capturing of targets (lectins and glycoproteins) in the crude extracts by TCAs and

separation of the target-TCA complex from other components of the crude extracts (1 hour to 12

hours). H

Q.

Basic PnetoeehimReleasing the captured targets (lectins and glycoproteins) by dissolving the complex

(30 minute urs)

SCE

Basic Prot : aration of the targets (lectins and glycoproteins) from their respective TCAs (1

hour to 4 hours).

N

Basic Proto rification of the purity of the isolated targets (lectins or glycoproteins) (2 hours).

ok

Approximatelt ime required to optimize TCAs is 3 to 4 hours. Approximate time to perform the

entire owing TCA determination is 4 to 12 hours.

M
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FIGURE LEGENDS:

Figure 1. S ic presentation of the Capture and Release (CaRe) method. 1, crude extracts. 2,
crude ext with a target capturing agent (TCA). 3, TCA captures target (lectin or
glycopreteimmymbinding and cross-linking the target. 4, after centrifugation, the supernatant

containinngurities are discarded. Only the target-TCA complex remains in the test tube. 5,

monovaleniligae (ML) is added to the complex. 6, ML dissolves the complex and releases the
target. 7,t

ed target is separated from the TCA by filtration.

< Target
4 TCcA
® ML
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Figure 2. Crude extract of Jack bean.

!
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Figure 4. Detection of lectin activity of the crude extracts by hemagglutination assay. A,

hemagglutiation by Jack bean extract. B, hemagglutination by crude extract containing Gal-3. A

two-fold se jon method was used to dilute the crude extracts for assaying their lectin activity.

rom the left to right side of the plate. A single dot at the bottom of the titer
H I . . . .

plate well grmed by the accumulation of non-agglutinated RBCs), as observed with the negative

control, in e absence of lectin activity. A smear or coagulation-like appearance represents

lectin acti\‘y, whi"u is expressed as “titer value”. Titer value is the total number of wells that show
lectin activity. a purified lectin, this activity can be expressed as “specific activity” with regard to
the lectin niation. This is not possible for crude, because it is impossible to determine the

concentrati ectin in a crude solution that contains other proteins. Therefore, “titer value” is

the working unit crude solutions.

Two-fold serial
dilution of crude =—>

Negative
control
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Figure 5. Selection of target capturing agents by inhibition tests. Inhibition of lectin activity of Gal-3
by bovine thyroglobulin (Tg).
—ai_2

2-fo|d serial dilution of Ilgand%

Ligand
control
J Lectin
Minimum control
inhibitory
concentration of
ligand

Author M
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Figure 6. Determining the target capturing ability of a TCA. The efficiency of a TCA (bovine
thyroglobulin, in this case) to capture a target (Gal-3, in this case) is proportional to the extent of
precipitMation. The increasing amount of precipitation was documented by a
spectrophmﬂo nm. The concentration of the TCA that gave the ratio (with regard to the

crude) to plateau on the precipitation curve was used in the subsequent CaRe

experinmen iSam——

"

P

OD at 420 nm

0 L) L] L] L] ¥ L 1
0 1 6 7

2 3 4 5
TgB concentration (uM)
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Figure 7. Capturing of targets by TCAs and visualization of insoluble target-TCA complex. An example
is shown*a ! as a target and thyroglobulin (Tg) as the TCA. Tg binds and cross-link Gal-3 and

forms insox. The solution becomes turbid due to the formation of target-TCA complex.

Addition of TCA
E—)

Target TCA captures
in crude target and forms
extract insoluble complex

that makes the
solution turbid

Author N
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Figure 8. Separation of target-TCA complex from other components of the crude solution. The

complex#s epara!ed from other impurities of the crude by centrifuging the mixture. The complex

containing p target and the TCA is settled at the bottom of the microfuge tube. The

supernata g the remaining components of the crude extract is discarded. The precipitate

|
is washed gwith buffer and then dissolved by competitive monovalent ligands. Thus the target

Il

captured s released. The released target is separated from the TCA by filtration to get the

target in pdre for

C

Centrifugation

T

Insoluble Target-TCA complex
target-TCA precipitates at the
complex bottom

Auth
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Figure 9. Ci;firm:ion of the purity of the separated target by SDS-PAGE. An example of purification
by CaRe is"shown by using Gal-3 after separating it from its TCA (Tg). The profile shows molecular

weight ma @ ne 1), Gal-3 purified by CaRe method (lane 2). A profile of the crude extract

containing Gal-3 (lane 3) is shown to highlight the extent of purification.
I
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