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Table S1 Data summary of sequestration experiments for Ba?* by newly formed and heated BMOs in 20 mM HEPES (pH 7.0) with or without exogenous Mn?*

Sequestration efficiency (%) (added ions; mM)

Two-step extraction

Condition Total Ba?* Exchangeable Reducible Total Mn Exchangeable  Reducible
2+ 2+
Ba Mn (mMm) (%) (%) (mM) (%) (%)

Newly 1st - >99 (1.010.00) - - - 2.10+0.01 15.8+0.1 84.2+0.1
formed 2nd - >99 (1.02+0.01) - - - 3.00+0.02 12.5+0.1 87.5+0.1
Aerobic 3rd - 98.740.6  (1.00+0.00) - - - 4.00+0.03 13.2+0.0 86.8+0.0

Only Mn**  Total - >99 - - -

Newly 1st 17.740.7  (1.0020.00) - 0.180.00 93.740.2 6.3+0.2 1.02+0.00 7.5+0.1 92.5+0.1
formed? 2nd 0.6£0.4  (1.01%0.00) - 0.19+0.00 93.9+0.1 6.1+0.1 1.02+0.01 8.0+0.3 92.040.3
Aerobic 3rd 0.740.3  (0.99+0.00) - 0.20+0.00 93.2+0.9 6.8+0.9 1.04+0.00 7.3¢0.2 92.6+0.2

Only Ba*  Total 6.4+0.2 -

Newly 1st n.a. (10.4+0.5) - 0.21%0.05 96.3+0.3 3.7+0.3 1.06+0.21 5.9+0.5 94.1+0.5
formed? 2nd n.a. (10.5+0.3) - 0.22+0.03 96.0+0.3 4.0+0.3 1.07+0.14 5.8+0.3 94.2+0.3
Aerobic 3rd n.a. (10.7+0.5) - 0.25+0.03 95.5+0.4 45+0.4 1.17+0.14 6.1+0.0 93.9+0.0

Only Ba**  Total n.a. -

Newly 1st 75.1+0.1  (0.14+0.00) >99 (0.97+0.01) 0.11%0.00 61.9+0.1 39.9+0.1 1.98+0.01 11.3+0.0 88.8+0.0
formed? 2nd 62.3+0.9  (0.15:0.00) >99 (0.99+0.00) 0.23+0.00 55.2+0.0 44.8+0.0 3.01+0.01 8.7+0.0 91.3+0.0
Aerobic 3rd 55.1+0.1  (0.1520.00) >99 (0.99+0.00) 0.31+0.01 41.7+1.2 58.3+1.2 4.20+0.04 7.2+0.0 92.8+0.0

Ba®*/Mn*  Total 64.0£0.3 >99

Heated’ 1st 37.7£0.4  (0.16+0.00) 27.2£05  (1.00+0.00) 0.04+0.00 79.840.2 20.2+0.2 1.14+0.00 15.9+0.1 84.1+0.1

A§+roblcz+ 2nd 9.4+0.6  (0.16+0.00) 12.1+0.2  (1.01+0.00) 0.050.00 74.6+1.1 25.4+1.1 1.29+0.02 16.0+0.7 84.0+0.7
Ba*/Mn 3rd 8.2+¢1.5  (0.16+0.00) 9.9+2.1  (1.0040.00) 0.06+0.00 76.3+0.5 23.740.5 1.35+0.00 16.1+0.1 83.940.1
Total 18.4+0.6 16.4+0.9

Newly 1st 27.0+05  (0.93+0.01) >99 (0.97+0.01) 0.27+0.00 78.8+0.2 21.2+0.2 1.95+0.02 6.6+0.1 93.4+0.1
formed’ 2nd 114405  (0.91+0.00) >99 (0.95+0.01) 0.39:+0.00 65.2+0.5 34.8+0.5 2.95+0.03 5.3+0.5 94.740.5
Agmb'c% 3rd 10.0£0.3  (0.930.01) >99 (0.97+0.01) 0.52+0.00 59.3+0.1 40.7+0.1 3.97+0.01 5.4%0.1 94.60.1

Ba®/MI™  rotal 16.1+0.0 >99

Heated? 1st 6.0+0.4  (1.02+0.00) 12.3+1.3  (0.99+0.01) 0.10+0.00 90.3+0.9 9.740.9 1.25+0.02 14.040.1 86.0£0.1

A;erobic2 2nd <1 (1.02+0.00) 4.9+1.3  (1.00+0.01) 0.10+0.00 87.4+0.6 12.6+0.6 1.21+0.00 14.0+0.1 86.0+0.1
Ba**/Mn 3rd <1 (1.03+0.00) 5.4+1.8  (1.00+0.00) 0.13+0.00 83.6+0.0 16.4+0.0 1.36+0.00 16.8+0.2 83.2+0.2
Total ~1.4 7.5+1.3

Newly formed or heated BMOs (1 mM as Mn) were treated thrice with solutions of Ba(NOs)2 with or without 1 mM Mn(NOs)2 in 20 mM HEPES (pH 7.0). Bathing solutions
were renewed thrice every 24 h



Table S1 Continued

Sequestration efficiency (%) (added ions; mM)

Two-step extraction

Condition Total Ba?* Exchangeable Reducible Total Mn Exchangeable  Reducible
Ba® Mn?* (mM) (%) %) (mM) %) )
Newly 1st 10.740.9  (3.11%0.03) >99 (1.01£0.01) 0.34£0.00 78.8+0.7 21.240.7 2.05+0.01 5.540.2 94.6+0.2
formed" 2nd 42409  (3.08%0.02) >99 (1.00£0.01) 0.38+0.00 67.5+0.6 32.5+0.6 2.94£0.01 43+0.1 95.740.1
Agmb"; 3rd 57+1.0  (3.14%0.04) >99 (1.01+0.01) 0.61+0.01 55.9+0.6 44.1+0.6 3.92+0.02 4,0+0.2 96.0+0.2
Ba¥/Mn™  rotal 6.8:0.5 >99
Heated® 1st 1.1+0.3  (3.36x0.01) 8.9+1.5  (1.06%0.01) 0.12+0.00 89.8+0.3 10.2+0.3 1.20+0.01 13.0¢0.1 87.0£0.1
Aerobic 2nd 15402  (3.37£0.01) 55+3.2  (1.08%0.03) 0.16+0.00 85.4+1.1 14.6+1.1 1.33+0.03 13.6+0.2 86.4+0.2
Ba®/Mn* 3y 2.0+0.6  (3.39£0.01) 47408  (1.060.01) 0.17+0.00 82.1+0.5 17.9+0.5 1.37+0.03 15.3+1.2 84.741.2
Total 1.520.06 6.4+1.8
Newly 1st n.a. (11.0+1.2) >99 (1.06+0.03) 0.41£0.02 80.1+1.1 19.9+1.1 2.21+0.08 5.740.2 94.3+0.2
formed" 2nd n.a. (10.10.1) >99 (1.070.03) 0.57+0.03 68.4+2.9 31.6+2.9 3.26+0.15 4.9+0.2 95.1+0.2
Agr(’b'% 3rd n.a. (10.8+0.2) >99 (1.04+0.00) 0.71+0.01 55.6+1.8 44.4+1.8 4.13+0.07 4.640.2 95.4+0.2
Ba*/Mn Total n.a. >99
Heated® 1st n.a. (10.70.3) 6.3t0.8  (1.0120.02) 0.15£0.01 92.740.4 7.380.4 1.27+0.07 14.5+0.2 85.5+0.2
Aerobic 2nd n.a. (10.0£0.1) 8.545.6  (1.00£0.00) 0.17£0.06 90.0£1.9 10.0+1.9 1.28+0.44 14.5+0.3 85.5+0.3
Ba®/Mn*" 34 na. (10.3+0.1) 105£1.0  (1.02+0.00) 0.200.01 82.5+0.4 17.54£0.4 1.61+0.09 14.6£0.2 85.440.2
Total n.a. 8.4+2.0




Table S2 Data summary of sequestration experiments for Sr2*, Ca?*, or Mg?* by newly formed BMOs with and without exogenous Mn?* in 20 mM HEPES at pH7.0.

Sequestration efficiency (%) (added ions; mM) Two-step extraction
Condition Total Exchangeable  Reducible Total Mn Exchangeable  Reducible
Sr#*/Ca%*/Mg?* Mn?* Sr?*/Ca%*/Mg?* (%) (%) (mM) (%) (%)
(mM)
Newly 1st n.a. (11.3+0.4) >99 (1.03+0.01) 0.31+0.01 >99 <1 2.19+0.06 8.1+0.3 91.9+0.3
formed" 2nd n.a. (12.0£0.5) >99 (1.04+0.01) 0.40+0.05 99.0+0.2 1.0£0.2 3.15+0.23 8.2+0.1 91.8+0.1
Ag;‘)b'; 3rd n.a. (11.4£0.5) >99 (1.04+0.02) 0.48+0.05 98.1+0.3 1.9+0.3 3.98+0.01 9.4+0.4 90.6+0.4
SEMNT otal >99
Newly 1st n.a. (11.8+2.5) 95.7#0.2  (1.15+0.06) 0.28+0.05 >99 <1 2.17+0.13 9.8+0.3 90.2+0.3
formed" 2nd n.a. (11.0£0.2) 96.020.3  (1.17+0.02) 0.370.01 >99 <1 3.25+0.11 9.2+0.2 90.80.2
Aze+f0b'cz+ 3rd n.a. (11.10.3) 96.2+0.2  (1.16%0.04) 0.51+0.03 >99 <1 4.30+0.10 10.1+0.2 89.9+0.2
CaMN™ rotal 96.0+0.2
Newly 1st n.a. (9.70.1) 98.5£0.1  (1.110.03) 0.18+0.03 98.4£1.6 1.6x1.6 2.21£0.21 10.7+0.1 89.3£0.1
formed" 2nd n.a. (9.5+0.1) 98.520.1  (1.07+0.00) 0.370.02 82.246.9 17.846.9 3.4620.27 10.9+0.2 89.10.2
a‘iﬁ‘/’b'cz+ 3rd n.a. (9.7+0.0) 98.620.0  (1.10+0.03) 0.410.01 84.1+0.7 15.9+0.7 4.39+0.14 10.9+0.4 89.1+0.4
Mg=/MN™  Total 98.5:0.1

Newly formed BMOs (1 mM as Mn) were treated thrice with mixed solutions of 10 mM Sr(NOs)2, Ca(NO3)2, or Mg(NOz)2 with 1 mM Mn(NOgz)2 in 20 mM HEPES (pH 7.0).
Bathing solutions were renewed thrice every 24 h. Sequestration efficiency was not analyzed (n.a.) due to no measurable difference in concentration before and after
sequestration experiments.



Table S3 Data summary of competitive sequestration experiments using newly formed BMOs (1 mM as Mn) in 10 mM HEPES buffer (pH 7.0) with and without exogenous Mn?*.

Sequestration efficiency (%) (added ions; mM) Two-step extraction
Condition Ba?* Sr2*/Ca% Mo Mn2 Total Ba?*  Exchangeable Reducible Cal};al 24 Exchangeable Reducible Total Mn Exchangeable Reducible
’ (mM) (%) (%) M) (%) (%) (mM) (%) (%)
Newly — 1st (123'(;‘;-'(?'5’0) (15£f8'30) a o ) 033+0.01  734+L5 26.6+1.5 0.05+0.00 >99 <1 249+ 9.6+0.2 90.4+0.2
formed¢ DR R RAgee
(mM)  2nd (01;.923)50) Lo o o oot 00) 037000  50.7+0.3 40.3£0.3 0.03+0.00 >99 <1 307+ 6.2:0.0 93.8£0.0
Aerobic A R A
Ba*/Sr*/  3rd (o7§3f3‘30> @ 0;10 0 © ggfg 0 0494000 53203 46.80.3 0.040.00 99 <1 417+ 6.0£0.1 94.040.1
2+ JIZV. LV JOZV.
Mn Total 14.4+0.3 ~0.7 >99
155+1.8 2.7+16
Newly 1st (10450.00) (L01£0.01) - 0174001  95.2¢0.1 48401 0.040.00 >99 <1 0.99£0.10 7.740.2 92.3£0.2
formed? 0.2+2.9 -0.8+2.7
s 2nd (L042002) (L00.2002) . 0184003  97.3:05 2.7£05 0.04+0.01 99 <1 0.98+0.15 8.00.5 92.040.5
g\;[f;g;g 3rd (1'_%f;-'§ . " (O'_gg‘;-'g '54) - 0.17+0.01  94.4+0.1 5.6:0.1 0.03+0.00 >99 <1 0.99+0.06 6.1+0.1 93.9+0.1
Total ~4.0 ~0.2
Newly 1st (1235502'(?2) (ozéﬁg'(z)z) « 0;??) 02) 0224003  80.8+4.4 19.244.4 0.03+0.01 98.5+2.2 1542.2 1.9740.25 8.7£0.9 91.3+0.9
s 0240, 9430, 0240,
(MmM)  2nd (018;36;;01'021) o 92'+dd o Ogi’g o1 036:002  67.6¢2.1 32.442.1 0.040.00 98.50.8 15408 3.070.14 7.140.2 92.9+0.2
Aerobic oo R " aa
Ba'/Ca®/  3rd 0ol (09500  (Lossoop) 046003 60034 400:34 004000 945:35 55435 9.96£0.23 83101  917:0.1
2+ II=U. JO=U. Me=U.
Mn Total 13.9+15 nd. >99
1st 16.7+2.6 nd ; 017003  96.0+0.7 4.0+0.7 0.04+0.01 >99 <1 1.10+0.15 7.8£0.2 922402
Newly (1.00£0.03) (0.94+0.01) A0, 0. 020 040, A0%0. 2. 220
formed® 5 n.d. n.d. - 0.17+0.01  95.6+0.2 44202 0.03+0.00 >99 <1 1.05+0.06 7.3:0.2 92.7+0.2
(mMm) (0.99£0.01) (0.92+0.00) A70. 0£0. A0, 03£0. 05£0. 320. 120,
Qg{f’g:; 3rd (0.93'36.00) (o.9gf6.01) - 0.19+0.00  96.1+0.2 3.9:0.2 0.04+0.00 97.1+2.6 2.9+26 1.11%0.02 10.4£0.2 89.6+0.2
Total n.d. n.d.
Newly 1st (fgffolfz) a o;%% 0 a O;fg o) 025:0.01  77.4+10 22.6£1.0 0.02+0.00 99 <1 2.10£0.07 7.620.2 92.4£0.2
formed? 0 ont R oo
mM)  2nd (éggfolk?l) a s 0 o o1 038002  67.33.6 32,7436 0.0240.00 >99 <1 2.9940.20 7.6£0.4 92.4+0.4
Aerobic oA R A
Ba*/Mg?/  3rd (oségfg'gl) « ng'd P O;fg o) 048001 58517 415417 0.0240.00 >99 <1 410£0.11 6.9+0.3 93.140.3
5 9940, 050, 0330,
Mn Total 14.90.6 nd. >99
16.742.6 n.d.

Newly 1st (100:0,03) (LOTx0.01) - 017001  96.3:0.2 3.740.2 0.03+0.00 >99 <1 1.10£0.08 7.10.0 92.9+0.0
formed® g n.d. nd. - 0.16:0.02  96.8:0.2 3.240.2 0.03:0.00 >99 <1 0.97+0.08 8.4+0.3 91.6+0.3
(mM) (0.99+0.01) (1.03+0.06) 16£0. B£0. 220. 03£0. 0. A0, 020.

Aerobic n.d. n.d.
BaMge 31 (0.99:40.00) (106£0.00) - 0174001  96.5:0.3 35:0.3 0.03+0.00 99 <1 1.03+0.09 8.740.1 91.3£0.1
Total n.d. n.d.

Newly formed BMOs were treated trice with mixtures of 1 mM Ba(NOz)2 with 1 mM Sr(NOs)z2, Ca(NO3)2, or Mg(NOs)2 in 20 mM HEPES (pH 7.0) with and without exogenous Mn?*. Bathing solutions were
renewed thrice every 24 h.
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Figure S1 Mn?" oxidation by newly formed biogenic manganese oxides (1 mM) in 1
mM Mn(NOs), in 20 mM HEPES (pH 7.0). (A) Dissolved Mn?" and (B) exchangeable
and reducible Mn in the solid phases assessed via two-step extraction. The bathing
solutions were renewed every 24 h (indicated by arrows). Error bars represent standard

deviations (n = 3).
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Figure S2 X-ray diffraction patterns of newly formed biogenic manganese oxides (1
mM as Mn) (a) not treated and treated with 1 mM Mn(NO3)> in 20 mM HEPES (pH

7.0) (b) one, (c) two, and (d) three times, along with renewal of the bathing solutions

every 24 h.
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Figure S3 Repeated treatment of newly formed biogenic manganese oxides (1 mM) in 1
mM Ba(NO), in 20 mM HEPES (pH 7.0). (A) Dissolved Ba**, (B) dissolved Mn?*, and
(C) cumulative Ba®" sequestration. The bathing solutions were renewed every 24 h
(indicated by arrows). Exchangeable and reducible (D) Ba and (E) Mn in the solid
phases measured via two-step extraction. Error bars represent standard deviations (n =

3).
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Figure S4 Effect of Cu®*-extraction on X-ray diffraction (XRD) patterns. XRD analysis
of newly formed and heated biogenic manganese oxides (I mM as Mn) treated thrice
with mixed solutions of Ba(NO3); (0—-10 mM) with I mM Mn(NOs3). in 20 mM HEPES
(pH 7.0), along with the renewal of the bathing solutions every 24 h and subsequently

extracted with 10 mM Cu(NOs3); for 24 h.
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Figure S5 X-ray diffraction patterns of newly formed biogenic manganese oxides (1
mM as Mn) (a) not treated and treated thrice with (b) 1 mM and (c¢) 10 mM Ba(NO3): in

20 mM HEPES (pH 7.0). Bathing solutions were renewed every 24 h.
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Figure S6 X-ray diffraction patterns of newly formed biogenic manganese oxides (1
mM as Mn) treated thrice in exogenous 1 mM Mn(NOs3), with (a) 1 mM Ba(NOs3)», (b)
I mM Ba(NOs3)> + 1 mM Sr(NOs3)2 and (¢) 1 mM Sr(NOz3),, and (d) without neither
Ba(NO3)2 nor Sr(NO3)2 in 20 mM HEPES (pH 7.0). Bathing solutions were renewed
every 24 h. XRD pattern for BMO treated with 1 mM Ba(NOs3)> + 1 mM Sr(NO3): is
resemble to that with 1| mM Ba(NOs3)2, but not with 1 mM Sr(NOs),, especially in the

parts suggested by the allows.



