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Supporting Information:

Protocol of phage display for the targets of SWNTs on chips and their control

experiments
Day 1

1 Inoculate 10 ml LB medium with ER2738 for tittering. Incubate the culture at
37°C with vigorous shaking until ODggp = 0.5 (mid-log phase).

2 Inoculate 25 ml LB medium with ER2738 for samples in a 250 ml Erlenmeyer
flask. Incubate both cultures at 37°C with vigorous shaking until ODgg ~ 0.05-0.1
(early-log phase).

3 Mix 1 ml of TBS and 10 pl phage (4 x 10'%) from the NEB phage library in a well
of a culture plate. Immerse the SWNT wafer in the phage solution. Rock gently,
45 minutes @ RT. Do the same to its control sample (the sentence is not repeated
below).

4 Take out the SWNT wafer and wash it 5X, each time in a new well with 1 ml
TBS.

5 Add 1 ml TBST 0.5 to a new well. Put the SWNT wafer into the well and rock
gently for 45 minutes.

6 Take out the SWNT wafer and put it into a new well of a new plate and rinse with
ddH,O 5 times. Pipet the eluate into a new microtube and label it.

7 Titer a small amount (~ 10 pl) of the eluate. Follow the phage titering procedure.
Usually 100X, 1000X, 10*X and 10°X for the unamplified eluate.

8 Add the rest of the eluate to the 10 ml early-log ER2738 culture in step 2.
Incubate / vigorously shake @ 37 °C, 4.5 hours.

9 Pipet the culture into 8 microtubes, 1.25 ml each (only microcentrifuge is
available in our lab). Spin 10 minutes @ 16,000 rpm / 4 °C. Transfer the
supernatant to new microtubes and re-spin.

10 Pipet the upper 80% of the supernatant to the new microtubes and add 1/6 volume
of PEG/NaCl. Allow phage to precipitate at 4°C overnight

Day 2

11 Do step 1 and 2. Count and record the blue plaques for the unamplified eluate.

12 Spin 8 microtubes of PEG precipitation, 15 minutes @ 16,000 rpm / 4 °C. Decant
supernatant, re-spin briefly, and remove residual supernatant with a pipette.

13 Suspend the pellets together in 1 ml TBS. (Here is how for 8 microtubes: suspend
pellets of 4 of tubes each with 250 ul TBS; transfer 250 ul in the 4 tubes into
another 4 tubes, mix the solution in the last tube.)

14 Spin for 5 minutes at 4 °C to pellet residual cells.

15 Transfer the supernatant to a new microtube. Re-precipitate with 1/6 volume of

PEG/NaCl. Incubate on ice 45 minutes. Spin 10 minutes @ 4 °C. Discard
supernatant, re-spin briefly, and remove residual supernatant with a micropipet.



16 Suspend the pellet in 200 pl TBS, 0.02% NaNs. Spin 1 minute to pellet any
remaining insoluble matter. Transfer the supernatant to a new tube (Note: This is
the amplified eluate). Label it.

17 Titer a small amount (~ 10 pl) of the eluate. Follow the phage titering procedure.
Usually 10°X, 107X, 10°X and 10°X for the unamplified eluate, depending on the
titering results of the unamplified eluate. Count and record the blue plaques for
the amplified eluate.

18 Estimate the volume of the amplified eluate for 10" phages. It might need 100-
150 pl for the second round of panning. But the volume should be less for the
subsequent rounds since more specific-binding phages are amplified.

19 Mix that much volume of the amplified eluate with 1 ml TBS in a well of a new
culture plate. Put the same SWNT sample into the well and rock gently for 45
minutes @ RT.

20 Do steps 4-10.

Day 3, 4,5, ...
21 Do steps 11-20 until the motif of the sequences is achieved.

The general procedure is show in Figure S1.
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Fig. S1. The schematic process for phage display experiments. RT stands for Room
Temperature; nR(U)AE for the nth-Round of (Un)Amplified Elution. 10 pul NEB phage is
used for ORAE.



Protocol of phage titering

1
2

AN »n W

Inoculate 5-10 ml of LB with ER2738; incubate with shaking until ODgyy ~ 0.5.

Melt Agarose Top in microwave and dispense 3 ml into sterile culture tubes, one
per expected phage dilution. Equilibrate tubes at 45 °C.

Pre-warm 1 LB/IPTG/Xgal plate per expected dilution at 37 °C.
Prepare 10-fold serial dilutions of phage in LB.
Dispense 200 pl mid-log culture into microtubes, 1 for each phage dilution.

Add 10 pl of each dilution to each tube, vortex quickly, and incubate at room
temperature for 1-5 minutes.

Transfer the infected culture to a culture tube containing 45 °C Agarose Top,
vortex quickly, and pour onto a LB/IPTG/Xgal plate. Swirling the plate to spread
Agarose Top evenly.

Allow plates to cool 5 minutes, invert and incubate overnight at 37 °C.

Inspect plates and count plaques on plates having ~100 plaques.

Protocol of characterization of binding clones

1

10
11
12

13
14

Culture the ER2738 overnight (~ 14 hours) in a 250 ml Erlenmeyer flask and
dilute 1:100 in LB. Dispense 1 ml diluted culture into each of 10 culture tubes.

Stab 10 blue plaques each with a new pipet tip and transfer them to the 10 culture
tubes of step 1.

Incubate tubes at 37 °C with shaking for 4.5 hours.

Transfer cultures to microcentrifuge tubes, centrifuge 30 seconds. Transfer 500 ul
of the supernatant to a new microcentrifuge tube.

Add 200 pl PEG/NaCl. Invert to mix, stand 10 minutes @ RT.

Centrifuge 10 minutes, discard supernatant. Re-spin briefly. Carefully pipet away
any remaining supernatant.

Suspend pellet thoroughly in 100 ul Iodide Buffer and add 250 pl ethanol.
Incubate 10 minutes @ RT.

Spin 10 minutes, discard supernatant. Wash pellet in 70% ethanol, dry briefly
under vacuum.

Suspend pellet in 30 pul TE buffer.
Measure the density of ssDNA (ng/ul). Calculate the volume for 500 ng ssDNA.

Calculate the difference of 8 ml and the volume of ssDNA for ddH,O. Set 8 ml
ssDNA and 0 for ddH,O if the volume of ssDNA 1s over 8 ml.

Mix the ssDNA and ddH,O in PCR strips.
Mail the PCR strips to Genewiz for sequencing.



Fig. S2: Water contact angles for control wafer and SWNT coated wafer.
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Fig. S3: Titration results for SWNT and control samples after 9-round panning.
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Table S4. List of experiments and buffer conditions used. Tween-20 concentration of
TBST in wash buffer was increased stepwise by 0.1% from 0.1% to 0.5% v/v. S3 are the
experiments with TBST elution buffer where a nanotube binding sequence was found
(described in main text). The other experiments (Q1, Q2, S1, S2) used Glycine-HCI as
the elution buffer, and found no difference between the nanotube and control samples,
indicating the binding peptides were not binding to the nanotubes, but rather the
substrates.

Blocking] Incubation] Wash Elution .
# Target | Substrate bufferg buffer buffer buffer Motif
a1 Nanotube | Quartz BSA | TBST 0.1 | TBST | Gly-HCI | H-rich
Control Quartz BSA | TBST0.1| TBST | Gly-HCI | H-rich
Q2 Nanotube | Quartz - TBST 0.1 | water [ Gly-HCI | H-rich
Control Quartz - TBST 0.1| water | Gly-HCI -
s1 Nanotube | SiO2 --- TBST 0.1 | TBST | Gly-HCI RP
Control Si0o2 - TBST 0.1 | TBST | Gly-HCI RP
s2 Nanotube Sio2 - TBS TBS Gly-HCI | H-rich
Control Sio2 --- TBS TBS Gly-HCI | H-rich
s3 Nanotube | SiO2 --- TBS TBS | TBST 0.5 [ W-rich
Control Sio2 --- TBS TBS | TBST 0.5 | H-rich

Table S5. Peptide sequences and their frequency of occurrence (F) of clones bound to
nanotubes on quartz and control quartz wafers with no nanotubes.

Expt. Peptide sequence F
Q1 T P P HRHTHH S T LJ1
SWNT |K P P H S H K H P L L TJ}|1
on R Yy QP HP S KT S T S]1
quartz |H I M P H L I P V § V LJ|1
R T Q S Q P NR HR P RJ1

Q1 AP A HL HIKWP S HV RJ1
Contol |]H G N L H K T H L K L PJ|1
K Q P NTHMHV HP H S|1

S P KWWHUPHWHQHW R]1

H L R THUP S HHNV P]1

E DPNULQS S L RMP|1

Q2 H L TWPT S TWS N P HJ2
SWNT J]A P H L Q HGHH P H RJI
on H P P HHQTMHHRT PJI
Quatz |V P K A H H H L HY E A|]!I
S L 8§ DY HR S P QL S]1

N P G NY T QY R T T NJI
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Table S6: Peptide sequences and their frequency of occurrence (F) of clones bound to

nanotubes on silicon and control silicon wafers with no nanotubes.
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Figure S7. Relative occurrence of amino acids in nanotube and control experiments (Q1,
S2 and S3). The red and blue bars are for SWNT samples and their controls, respectively.
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Figure S8. Average hydrophobicity for all peptides from each experiment.



