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1. Methods
1.1. Determination of Dissolved Fe in Culture Medium

The microalgae culture was centrifugated at 10,000 rpm for 10 min, and the superna-
tant was collected and dried by a lyophilizer (FreeZone®, LABCONCO, Waltham, MA
USA). The dried powders were digested and then analyzed by using ICP-OES (Optima
5300DV, Pekin-Elmer, Greenville, SC, USA) according to the procedure described by John
etal [1].

1.2. Fe Recovery Rate of FesO+ Nanoparticles

The microalgae culture was centrifugated at 10,000 rpm for 10 min, and the sediment
was collected and washed with water for three times. The FesOs nanoparticles in sedi-
ments were dissolved by HCI and the microalgal cells were separated by micro-filtration
[2]. The resulted filtrate was dried by a lyophilizer (FreeZone®, LABCONCO, Waltham,
MA, USA) and the Fe content was analyzed by using ICP-OES. The Fe recovery rate of
FesO4 nanoparticles was calculated using the following equation:

Fe recovery rate = Total Fe in the sediments/ Total Fe of the added
FesOs NPs x 100%

The algal culture without treatment was mixed with the same dosage of FesOs nano-
particles for 5 min and then centrifugated at 10,000 rpm for 10 min. The sediment was
collected and its Fe content was analyzed. The Fe recovery rate of FesOs nanoparticles was
also calculated, which was used as the control without culture.
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2. Results
2.1. Change of Dissolved Fe in the Culture Medium

i —/— Control
—0o— 20 mg/L
—o— 100 mg/L

0 5 10 15 20 25
Culture time (day)

Figure S1. Change of dissolved Fe in the culture medium.
2.2. Fe Recovery Rate of FesOs Nanoparticles

Table S1. Fe recovery rate of FesOs NPs after culture with the algal cells for 21 days.

Fe recovery rate (%)

Concentration of FesO4 NPs (mg/L) With culture Control without culture

20 96.3£3.8 96.743.5
100 97.442.7 97.34£2.5
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2.3. Change of Specific Growth Rate of Chlorella sp. U]J-3 cells during the Culture
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Figure S2. The specific growth rate of Chlorella sp. UJ-3 cells without treatment (a) and with the

treatment at 100 mg/L of NPs (b).
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2.4. Fatty Acid Contents and Compositions of Chlorella sp. UJ-3 Exposed to Different Concentrations of FesOs+ NPs

Table S2. Fatty acid contents and compositions of Chlorella sp. UJ-3 exposed to different concentrations of FesOs NPs.

NPs concentration (mg/L)

Fatty 10 30 50 80 100 200
acids Content Composition Content Composition Content Composition Content Compositio Content Composition Content Composition Content Composition
(mg/gbDW) (%TFA) (mg/gDW) (%TFA) (mg/gbDW) (%TFA) (mg/gDW) n (%TFA) (mg/gbDW) (%TFA) (mg/gbDW) (%TFA) (mg/gDW) (%TFA)
C12:0 1.9449.07 1.2240.01 2.2840.31 1.3840.28 3.3640.51 2.0240.20 3.1140.11 1.6840.23 4.1230.26 1.9040.17 4.2020.25 1.7940.10 1.2040.15 0.6520.05
C14:0 1.2940.09 0.8140.04 0.9020.09 0.5520.03 0.8740.05 0.5240.03 0.9420.07 0.5140.03 1.1240.15 0.5140.04 1.6540.15 0.700.02 0.850.05 0.4620.01
C16:0 54.5342.02 34.4941.45 57.20+1.53 34.6740.85 57.4942.04 34.5040.98 64.1940.98 34.574+.12 74.05+1.84 34.15+41.65 77.0543.3 32.77H.78 67.39+1.30 36.2640.76
C16:1 3.3240.11 2.1040.10 2.61+40.08 1.5840.15 2.0140.23 1.2040.11 3.7940.27 2.0440.24 6.4440.50 2.9740.34 6.68+40.95 2.8440.43 5.0040.25 2.69+40.18
C18:0 7.430.27 4.7040.22 8.4540.89 5.1240.13 8.5640.45 5.1440.25 11.1040.57 5.9840.39 12.734.01 5.8740.58 16.5940.61 7.0540.32 12.5440.50 6.7440.45
C18:1 43.224.01 27.3340.28 44.57+.20 27.02+.25 42.9240.98 25.75+.55 43.24+1.68 23.2940.77 42.69+1.50 19.6940.45 42.98+1.09 18.28+40.45 32.29+.51 17.3740.79
C18:2 6.700.36 4.2430.32 5.0840.57 3.0840.41 4.934.76 2.9620.55 5.9320.42 3.2040.37 8.5520.50 3.9540.12 9.59:+1.00 4.0840.67 8.1410.48 4.3840.22
C18:3n6 2.4740.24 1.5640.22 3.1240.50 1.8940.46 4.3140.69 2.5940.17 4.900.54 2.6419.22 7.78+.01 3.5940.69 9.08+1.01 3.8640.89 9.2240.41 4.9640.39
C18:3n3 27.6141.13 17.4640.78 29.56:+1.67 17.92+1.28 30.00+1.54 18.001.08 33.5641.51 18.08+1.44 39.8942.46 18.3940.34 44.3642.11 18.86+1.39 30.08+1.18 16.1840.52
C20:0 0.2640.05 0.16+40.02 0.2340.03 0.1440.03 0.2740.03 0.16+40.02 0.28+40.02 0.1540.02 0.51+40.06 0.2440.02 0.7240.05 0.3140.02 0.2540.03 0.1340.01
C20:1 0.80+40.11 0.5140.06 1.5340.10 0.9340.14 2.0740.14 1.2440.05 2.3240.11 1.2540.08 1.9940.57 0.9240.45 2.0940.16 0.8940.06 1.4520.28 0.78+0.02
C20:5 7.7740.90 4.9140.47 8.7640.55 5.3140.67 9.0740.44 5.4440.35 11.3740.66 6.1240.57 15.54:41.09 7.1740.87 18.18+1.19 7.7340.87 16.59+40.80 8.9340.78
C22:0 0.7940.09 0.5040.07 0.6940.05 0.4240.02 0.7840.10 0.4740.05 0.9440.05 0.5140.02 1.4440.05 0.66+0.04 1.9830.28 0.8440.03 0.8740.06 0.4740.02
Total 158.1342.58 100.00 164.98+3.46 100.00 166.66+1.72 100.00 185.6745.88 100.00 216.8443.20 100.00 235.1744.33 100.00 185.88+0.93 100.00




2.5. Fatty acid contents and compositions of Chlorella sp. UJ-3 exposed to low concentrations of FesOs+ NPs

Table S3. Fatty acid contents and compositions of Chiorella sp. UJ-3 exposed to low concentrations of FesOs NPs.

NPs concentration (mg/L)

Fatty 10 15 20 30 40
acids Content Composition Content Composition Content Composition Content Composition Content Composition Content Composition Content Composition
(mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA)
C12:0 2.03#0.31 1.2740.23 2.63+1.09 1.6340.11 2.8840.48 1.7640.33 3.070.79 1.860.27 3.1340.55 1.8840.21 2.2620.18 1.3140.20 1.5640.67 0.8840.09
C14:0 1.2240.08 0.76+0.02 1.0940.08 0.6840.25 1.1020.10 0.670.05 0.8620.06 0.5240.02 0.8940.17 0.530.01 0.9620.03 0.5640.05 0.8520.05 0.4840.01
C16:0 55.77+1.28 34.9240.96 55.62+1.95 34.4740.56 56.86+1.65 34.78+1.13 57.59+1.42 34.8340.79 57.6140.27 34.5440.12 58.27+1.55 33.93#.21 61.74+1.19 34.8440.14
Ci16:1 3.2040.43 2.0040.27 2.8240.24 1.7540.08 2.4940.49 1.5240.20 3.1840.78 1.9240.62 3.8140.16 2.2840.10 3.9040.19 2.2740.12 3.6940.41 2.0840.08
C18:0 8.69+1.29 5.4420.75 9.7740.74 6.0520.26 10.0320.38 6.1440.22 10.32+1.32 6.2420.47 9.9340.72 5.9540.45 10.7840.96 6.2840.38 11.2340.52 6.3420.11
C18:1 42.12+4.41 26.3720.72 41.7920.44 25.9020.27 41.88+1.23 25.6240.56 40.2840.97 24.3620.55 39.8520.35 23.8940.23 40.06490.45 23.3240.21 40.1940.43 22.6840.14
C18:2 5.68+40.33 3.5640.27 4.8440.92 3.0040.11 4.6510.22 2.8540.09 5.1940.24 3.1440.12 5.2540.08 3.1540.05 6.0940.31 3.5440.07 7.2240.29 4.0740.25
C18:3n6  2.68+40.07 1.6840.02 3.4840.29 2.1640.14 3.4740.53 2.1240.26 4.0240.34 2.4340.15 5.4140.84 3.2440.13 6.3140.37 3.6840.29 6.76+1.04 3.8240.46
C18:3n3  27.82#0.53 17.4240.23 28.4820.41 17.6520.12 28.6020.17 17.4930.10 28.7240.36 17.3740.11 28.5740.27 17.1340.18 29.2420.07 17.0320.05 30.1540.41 17.0140.09
C20:0 0.3240.02 0.2040.02 0.360.05 0.2240.02 0.3920.01 0.24#0.01 0.3820.03 0.2320.02 0.4020.03 0.2420.01 0.5420.07 0.3240.02 0.3820.02 0.21#0.01
C20:1 1.7840.07 1.1240.06 1.8340.08 1.1340.02 1.9740.10 1.2040.05 1.760.23 1.0740.09 1.4940.06 0.900.02 1.8540.09 1.0740.02 1.7840.07 1.0040.03
C20:5 7.6440.57 4.7920.24 7.9540.32 4.9340.10 8.1840.58 5.000.43 9.1940.72 5.5640.16 9.240.88 5.544).71 10.200.92 5.940.28 10.7040.74 6.040.25
C22:0 0.760.05 0.4840.03 0.71+0.03 0.44490.02 0.9820.05 0.60+0.06 0.7820.04 0.4740.01 1.2240.08 0.7340.01 1.2940.11 0.750.04 0.9740.04 0.5520.02
Total 159.7143.31 100.00 161.37+1.46 100.00 163.4842.78 100.00 165.35+1.43 100.00 166.7843.81 100.00 171.7442.14 100.00 177.2243.16 100.00




2.6. Fatty acid contents and compositions of Chlorella sp. UJ-3 exposed to high concentrations of FesO+ NPs

Table S4. Fatty acid contents and compositions of Chlorella sp. UJ-3 exposed to high concentrations of FesOs NPs.

NPs concentration (mg/L)

Fatty 60 80 100 120 140 160
acids Content Composition Content Composition Content Composition Content Composition Content Composition Content Composition Content Composition
(mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA) (mg/gDW) (%TFA)

C12:0 2.1520.21 1.3840.05 3.620.14 1.9140.07 3.0020.10 1.4140.06 2.7340.32 1.1640.09 2.0920.15 1.0040.06 2.1240.10 1.0740.07 2.2240.17 1.1640.06
C14:.0 1.1740.10 0.7540.01 0.760.05 0.4040.02 0.97#0.10 0.4640.02 1.0340.10 0.4440.05 0.8620.09 0.4140.02 0.8340.03 0.4240.01 0.8540.04 0.4510.02
C16:0 50.55+1.76 32.3620.65 61.79+1.59 32.6520.98 70.6920.91 33.32+1.18 77.1722.03 32.79+1.26 71.26%2.01 34.15+1.10 67.47+1.08 34.1840.52 64.76+1.73 33.8740.29
Ci16:1 3.1240.10 2.0040.16 3.9740.21 2.1040.09 5.8340.57 2.7540.21 7.3440.55 3.1240.38 6.2530.25 2.9940.12 5.3940.22 2.7340.10 5.2940.24 2.7740.07
C18:0 6.0420.22 3.8740.12 9.8940.57 5.2240.23 10.77+.14 5.08+0.84 14.5440.50 6.1820.12 12.4440.50 5.960.30 11.87+1.00 6.0140.82 12.4240.38 6.4940.32
C18:1 41.52+1.92 26.58+1.12 40.81+1.10 21.5640.78 40.15+1.56 18.9340.92 41.78+1.69 17.7530.73 35.58+1.71 17.05+.31 33.25#1.12 16.84140.78 31.34+1.17 16.39140.92
C18:2 7.7920.51 4.9940.13 8.4520.45 4.470.22 9.91+.11 4.6740.57 12.5740.96 5.3420.25 9.6520.88 4.6240.74 8.3840.33 4.2540.10 8.2240.21 4.3040.06
C18:3n6 3.0840.17 1.9740.05 6.3840.27 3.3740.25 7.4840.47 3.5240.28 7.8940.50 3.3540.17 6.9940.56 3.3540.26 7.1540.41 3.6240.27 6.9340.71 3.6240.08
C18:3n3 28.7740.65 18.4240.24 36.80+1.55 19.44+1.19 42.1840.88 19.88+1.18 45.48+1.51 19.33+.13 41.18+1.50 19.7340.54 38.34+1.91 19.4240.73 37.43+.97 19.58+1.05
C20:0 0.2240.03 0.149.01 0.2240.02 0.1249.01 0.4740.06 0.2249.02 0.540.05 0.2340.01 0.2840.04 0.1349.01 0.300.04 0.150.01 0.2840.04 0.159.01
C20:1 0.5740.05 0.3740.01 1.2340.11 0.650.05 1.4340.05 0.68+0.02 1.5840.10 0.6740.04 1.4340.05 0.68+40.03 1.3740.06 0.6920.01 1.3940.07 0.7240.01
C20:5 10.3640.54 6.6340.49 14.57+.08 7.7020.28 18.1740.45 8.560.11 21.48+1.00 9.1340.28 19.59.89 9.3940.27 19.8340.73 10.040.52 18.9740.82 9.9240.27
C22:0 0.8740.05 0.5640.02 0.760.05 0.4020.02 1.0940.08 0.5240.01 1.2040.06 0.5140.02 1.1040.10 0.53+40.03 1.1240.09 0.5740.02 1.1240.10 0.5940.01
Total 156.22:+1.45 100.00 189.2542.36 100.00 212.14+1.88 100.00 235.3343.49 100.00 208.7042.01 100.00 197.405.87 100.00 191.21+1.09 100.00




2.7. Effect of transition time on the combination strategy

Table S5. Effect of transition time on combination strategy with low-high concentration NPs treat-

ment.
Transition time Biomass (g/L) Lipid production (g/L)
Day 3 0.96+0.03 0.40+0.02
Day 6 1.02+0.02 0.43+0.02
Day 9 1.08+0.02 0.45+0.01
Day 12 1.18+0.03 0.49+0.02
Day 15 1.17+0.03 0.42+0.03
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