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Supplementary Figure S1: Schematic drawing of SELCOS (or Competitive non-SELEX). The

experimental scheme adopted is shown here: 4 successive elution steps that gradually

increased the concentration of the library components (1-fold to 8-fold) at the same time,

gradually decreasing the washing rounds. Both of these operations favor binding whereas a

concomitant decrease in the binding time is unfavorable for binding. The experimental details

are described in Methods. In this figure, the competition for the 4 targets is illustrated (a 2-

target competition was used in the experiment) since a multiplex type is theoretically more

general. After 4 steps of partitioning without PCR amplification, a negative selection (or

counter selection) is performed at the final stage.
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Supplementary Figure S2: Confirmation of SELCOS products by gel electrophoresis.

Electrophoresis was performed under denaturing conditions (8% polyacrylamide gel, 8 M

urea at 60 °C). Obviously, the experimental products with no PCR can result in the same-sized

products after selection.

Lane 1: DNA Marker

Lane 2: Selected pool for Ty;n;
i Lane 3: Selected pool for T3y,

Lane 4: Reference DNA

150 bp .

S % g <« 70bp
50bp"



Supplementary Figure S3: Cladograms generated for aptamer sequences obtained by
Compe-SELEX targeting HIN1 and H3N2 proteins. The encircled aptamers in these
cladograms are renamed (parenthesis) and processed for further analysis (Ref.: for Clustal W-
based cladogram analysis: Thompson et al., Nucleic Acids Res. 1994, 22, 4673. Clustal W:
improving the sensitivity of progressive multiple sequence alignment through sequence

weighting, position-specific gap penalties and weight matrix choice).
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Supplementary Figure S4: Measuring the binding affinities of cloned aptamers. The DNA
aptamers selected by SELCOS were subjected to Apta-DEPSOR analysis using the
corresponding targets, providing the DPV curves (a and c) and its processed data (b and d).
The aptamers Apt01~Apt04>THin1 Were measured against the target HIN1 protein (Thini) (a

and b) and the aptamers Apt01~Apt04>Twusn2 against Tuanz protein (c and d). In b and d, the

average data for three trials are plotted.
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Supplementary Figure S5: SPR analysis of selected aptamer vs. antibody. Comparison of
selected aptamer Apt03>Twin1 by SELCOS (blue) with monoclonal antibody (orange) for target
Twini Showing comparable kinetics. Single-cycle kinetics conditions for the study of interaction
analysis used are as follows: Immobilization of ligand-target protein Tuini on the sensor
surface to level 2000 RU, Analyte (Apt03>Twin1 and mAb) solutions were prepared in the order
26.66, 5.33, 1.07, 0.213 and 0.0427 pg/ml and sequentially injected starting with lowest
concentration at a flow rate of 30 ul/min and the fitting was done by 1:1 binding model by

BiacoreX100 Evaluation software.

Ligand Kon (M2s)  Koge (M171) Kp (M)
mAb 2.331x10° 5.903x108  0.253x1012
apta03 3.736x10* 3.075x106  82.34x1012

800 -
== monoclonal antibody/HI1IN1
— apt03/HIN1
600 -
)
o
S~
Q
(%]
C
S 400
(%]
14
o
200 -
O 1 T T T 1
0 200 400 600 800 1000
Time/ s



Supplementary theoretical note:

To explain the phenomenon that occurs in the competitive non-SELEX selection (SELCOS), a
pool of ligands can be categorized into 7 types from the perspective of their binding to one
or multiple target molecules: LS, L5, L52, LS¥52, LS, L/C and LX. Each symbol represents a ligand
that binds to common site C of two targets of To and Tp (L), a ligand binding to specific site S1
within Te (L%1), a ligand binding to specific site S, within Tp (L>2), ligands binding to both sites
S1 and Sz simultaneously (LS and L5/2), a ligand that binds to both targets To and Tp (L%/€) and
the other ligands, which do not bind to either To or Tp (L¥). This setup can be represented by

the following equations based on conservation law:

[L51-S1]+[L5Y/52.54]+S1 = [S1]o (1)
[L52-S2]+[L5Y/52.5,]4S, = [S2]o (2)
[LE-C]+C = [Clo (3)
[L°%-Sa]+[L%Y] = [L>Y]o (4)
[L°2:S2]+[L%%]= [L>?]o (5)
[LSCI+[L]=[Lo (6)
[LX] = [X]o (7)
[LSY/52.5,]+[LSY/52.5,] +[LSV/52] = [LS1/52] (8)

[LE1+ [LSMJ+[L52 ]+ [LSV32]+ [LX ]+ [LSC + [Salo+ [S2lo =2 L = [Lo] (9)

where [S1]o and [S2]o designate the initial concentrations of sites S1 and S;, which are equal to
[Tolo (that is, the initial concentration of the target To) and [Tp]o (that of the target Tg),
respectively, and Lo stands for the initial ensemble concentrations of ligand L. Similarly, C and
[Clo represent the concentration of the common binding site and its initial one, and thus,
[Clo =[Ta]o +[Tp]o (10)
For convenience, we can set [Ta]o =[Tplo =To operationally. Then,
[Clo=2To (11)
This result indicates that when the initial concentration of L® is the same under SELCOS and
conventional positive SELEX, the concentration of LT for Competitive non-SELEX becomes
half of that for the conventional form due to the following equation.
LS-C= LS (Ta + Tp) = 2L T (12)
Since L¢ is a nonspecific binder (aptamer), the SELCOS can thus reduce the nonspecific

aptamers through a ‘nonspecific target multiplying’ effect. This effect can be further



reinforced by multiplying the diversity of competitors in SELCOS as in the case of influenza
subclass viruses.

Another effect of SELCOS for selecting more specific aptamers than the conventional method
(typically, a combination of negative selection and positive selection) is shown in To) can be

determined from the following Egs. 13, 14, and 15 as derived from Egs. 1, 2, and 8:

[LS/52.84] = [S1]o — [L52-Sa] - Sa (13)
[L5V/52.5;] = [Sa)o — [L52:S2] - S2 (14)
[L51/52_51] = [L51/52]0 _ [L51/52,52] _ [L51/52] (15)

Clearly, in the case of noncompetitive SELEX, the terms related to S2 located in Tp (not
applied) do not appear. Now, Eq. 15 is converted to
[L51/52,sl] - [LSl/SZ]o _ [LSI/SZ] (16)

The left-hand side is evidently larger by L51/5252 than that of SELCOS, meaning that SELCOS can
decrease the amount of nonspecific aptamer (L1/52) by this effect. Even so, Egs. 13 and 14 are
noteworthy. Eq. 13 represents a typical competition between different ligands competing for
the same site while Eq. 14 represents latent competitor L>? (i.e., how strong it is in struggling
for site S;), which has an indirect influence on the recovered amount of target aptamer L.
The above estimation must be carefully applied under the premise of dealing with
nonextreme conditions (i.e., excluding high excess concentrations of the targets (To > Lo) or
ligands (To < Lo) so that the competitions of interest are working well). A more quantitative
and parametrical approach, although not presented in this article, will be possible, as in the

previous work.



