Supplementary Material

S1. Materials and Methods
S1.1. Culture medium

Potato dextrose liquid, 200 g L™! potato extract and 20 g L' glucose, adjusted the
pH to 4.5.

Potato dextrose agar (PDA), 200 g L! potato extract, 20 g L™! glucose and 20 g
L ! agar, adjusted the pH to 4.5.

Liquid enzyme production medium, the optimized concentrations of 10 g-L!
glucose, 0.2 g-L'! ammonium tartrate and 1 mmol-L"! MnSO4 were used, 2.0 g
KH2PO4, 0.1 g CaCl2:2H20, 0.5 g MgS04-7H20, 1.0 g Tween80, 1.5 mL veratryl
alcohol, 1 mg vitamin B1, 0.2 g yeast extract, 70 mL trace-element solution (1.5 g
nitrilotriacetate, 1.46 g MgS04.7H20, 1.0 g NaCl, 0.1 g FeSO4.7H20, 0.1 g CoSOs4,
0.1 g ZnS04-7H20, 0.01 g CuSOs4, 0.01 g AIK(SO4)-12H20, 0.01 g H2BO3, 0.01 g
NaMoO4-2H20, 1 L water), 1L water (Tien and Kirk, 1988).

S1.2. Enzyme Activity Assay

The enzyme activity of MnP was calculated by equation S1
.. -1\ AA238 X Vg
MnP activity (U L™') = e Xn (S1)
AA23g is the absorbance change value of sample per minute, vo is the total
volume of the reaction system (1 mL), v is the solution volume of MnP (0.1 mL), § is

the coefficient (6, 500 L mol!-cm™), n is the dilution rate.

S1.3. Modeling

The transformation kinetics of tetracycline by MnP was calculated by the



Michaelis-Menten model (S2).

p = tmaxXS (S2)
Km+S
v is the initial transformation rate (mg L' min), Vi is the maximum initial
transformation rate (mg L' min™"), Ki» (mg L'!) is half saturation constant, and S is the

initial concentration of tetracycline (mg L''). Non-linear regression analysis was

conducted using the software Origin 9.0.
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Figure S1. Expression of MnP and LiP in different runs of orthogonal experiment.



Figure S2. Electrophoretic analysis (SDS-PAGE) of purified MnP, which were stained

with coomassie blue.
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Figure S3. Treatment of tetracycline with H20:z alone.
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Figure S4. Mechanism of the catalytic cycle of MnP (Rahul et al., 2017).
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Figure S5. MnP enzyme activity changes in the catalytic system and buffer.
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Figure S6. Simulation of transformation kinetics of tetracycline by Michaelis-Menten
model in MnP system. The value of R? is 0.9953.



RT. 0:00- 15.00
4o 482 NL: 5.63E8
550000000 - i iz=
S A 444.50-445.50 F:
458 TG FTMS + p ESI Full
45000000 ms
[200.00-600.00]
40000000 WS Omin Mnp
35000000 413
= ElCor
300000000= 1o rC ‘
250000000
EDDODDDDD:
150000000—
100000000=
50000000
= 13.20
NL: 3.37E8
= miz=
444.50-445.50 F:
300090000_ FTMIS + p ESI Full
ms
250000000~ [200.00-600.00]
& WS 10min mnp
S 200000000- |
3 : \
<< heh
o 150000000
P
i} =
o
& 100000000 |\
50000000— “ lag2
5.06
o045 334 4051 __ 683 6956 B89 1098 1272
70 NL: 1.08E9
- 455|472 e
1000000000~ ‘ 444.50-445.50 F.
900000000~ 424 ETHS:{p ESTFUN
80000000 76 [200.00-500.00]
S 30min mnp
700000000 |
500000000~
500000000 ‘
40000000 |
300000000—
200000000~
100000000 5
47 341 413 683 684 899 1024 1291 14.37
[ e =
0 2 4 8 10 12 14
Tirme {min)
RT. 0.00- 15.00
NL: 4 87E5
7.08 miz=
450000 C 416.50-417.50 F:
P ;rsms +pES| Ful
1200.00-500.00]
350000 WS Omin Mnp
300000
25000
20000
15000
100001
50000
g NL:B.01E5
600000 =
1 7.08 416.50-417.50 F.
—_— 705| FTMS + pESI Ful
. sa7 |17 [200.00-600.00]
- 7.18 1S 10min mnp
3 ] 1P 417 578 573‘ 7.22 1431
5
5 i
2 300000 \
: o Q0 573 724 1316 14.13
3 ] 128 12.02
3 200000 :
K] 38 730 11.90
84| 7.34 m 37
100000 15 220 JW ‘ 745 ﬂ
NL: 2.26E6
22000004 , 10 miz=
416.50-417.50 F:
2000000 705|211 FTHS + p ESI Ful
18000007 l ms
1 [200.00-600.00]
1600000 e 1418 20min mnp
1400000 | [
1200000 ] 6.48
1000000 £
] TP 417 | |z19 14.23
800000
600000 Sd”‘ ‘725 1276 b ]
1 575 577|||7ZB 1151
400000 [
200000 23539‘1!410 : ““?32 L
231 i et
mam‘“"‘. ol Y, s )
2 8 w1 14

Tirne {min)

RT: 0.00 - 15.00

Relative Abundance

1361 NL:8.70ES
4 13.42 miz=
800000 _ B 430.50-431.50 F.
E 13.18 |FTMS + p ESIFull
700000 ms
3 . [200.00-600.00]
600000 428 1302 MS Omin Mnp
" o7 39111400
500000— aesl[ r2eslfl |
“ . 12.55
400000 ;s:;‘ a0 543 703 241
300000 e3z |l 7.23 1089
238 772 1083
200000 7 9.80
E a uz 7 a7
100000~
5_2? 529 NL: 1.92E6
1 T533 miz=
18000007 | v 430.50-431.50
: FTMIS + p ESI Full
1800000 _ 519 | ggr—" TP41 L
1400000 [200.00-600.00]
j gég (540 1S 10min mnp
1200000 _ 5051 544
gl
1000000~ 18| 08 1ag2 1378
] 548 1313
800000 _ 430 492] 5g4 12.97
4.05 | 12. 31
3 554
800000 aosl| | 125 12.25
400000 _ 4‘01‘\ Il (T 1102 12 09
\
i 773 1084
2090001 1ug 212 saau'} V 9.
b NL: 1.10E7
526 g
11000000 _ 523 s
10000000 | 5.31 ﬁ?éﬂ-ﬂg fé?FF "
] ; 1S +
9000000= I| TP 431 L B
= [200.00-600.00]
apane MS 30min mnp
7000000
£000000 —
5000000=
4000000—
3000000 2 \ 1359 1552
=| L} 12.97 m
2000000 : 12.25
100000 T 638 11.00 W
ML A
0= e (e LA
0 5 8 10 12 14
Time (min)
RT: 0.00- 15.00
243 NL: 9.07E5
900000— 241 D miz=
- 23 460.50-461.50 F:
soooo= 2 25 FTMS + p ESI Full
] LY T ms
Toom0- 555 ST [200.00-600.00]
600000— 215 s MS Omin Mnp
&t 2.08 i 423
500000
T owm '
400000 427 gy BO3 808
300000 ’ ‘429 7.2752;_-97 815
1 10.10
zonuuu_q * r 33 683 10 93 1458
100000 w W .aa
Lk 546 NL. 2.31E6
3 545 miz=
2200000 _ c5E 460.50-461.50 F-
2000000 _ FTMS + p ES| Full
- 551 ms
p 1800000, [200.00-600.00]
2 1600000~ ‘ MS 10Mmin mnp
£ 1400000~ TP461 553
3 1200000
2 100000 i ‘555
2 sooo00- 1SO-TP61
T onano= 3378 3.83 |561
400000~ f42e (1" 8 811 a4
3 I
20000_ o, 330 [ |\“" 7'29‘/,1 945 1342 1417
— A JM ~ "\P’"‘ Lotk g oty
544 NL: 1.00E7
E miz=
10000000 sS4z 460.50-461.50 F:
s ;‘TSMS +pESIFull
800000 [200.00-600.00]
El MS 30min mnp
70000002 ‘5-5’
6000000~
5000000 - TP461 538
40000002 |
000000 1SO-TP461
200000
5 a.07
204 E- AN
1000000= 4
3 949 1317 1434
o= - i,
0 10 12 4

Time {min}



RT: 0.00 - 165.00
174 48

NL: 8 S0E6

il E Lnt;siao 459.50 F:
soooooo] 1
e FTHIS + p ESI Full
7000000 167 |\ ms
2.08 [200.00-600.00]
soooaoo] 9%, k228 1S Omin Mnp
159 | 233
500000 235
LA o an
40000000 {53 \ =
247 910 827 841
400000 141 J 'o52 895 Jij 9.48
20000007 - / ‘25? 722 ?25 993:9
| 717 \l M,
100000 \530 536 .” W/ V018 4212 4y g7
545 543 NL: 4 84E7
m'z=
45000000 5.8 ) 458.50-459.50 F:
a0aos0co e FTWS + pESI Ful
E| [200.00-600.00]
g 250000003 ‘ MS 10min mnp
& 30000000 |
£ 25000000 | |
2 20000000] ‘
&
£ 1500000 |
| 58.61
10000000 |
5000000 i
[y 730 733 855
1 t7e 24t sz A 981 13m
544 NL: 2.30E8
545 2=
220000000 543 miz
1 458.50-459.50 F:
200000000 1 D 459 FTMS + p ESI Full
180000000 _ ms
3 — 200,00-600.00]
160000000 - 1418 20min mnp
1400000001 =
120000000 ] ‘
160000000 |
20000000 |
0000000
40000000 ‘ |
20000000-] 1567 727
od 010 235 481, L 822 580 1023 1427
T T
2 4 6 8 10 12 14
Time (min)
RT. 0.00- 7.00
5.44 NL: 2.01E8
2000000 & 4; a1} 545 miz=
1800000 G T 5aT 474.50-475.50 F:
1 i FTHIS + p ESI Full
1600000 o ms
260 548 [200.00-500.00]
1400000 & MS Omin Mnp
E 2.56 “ 5%
1200000 285 537
249 ! J 3.06 535 I'553
1000000 2 92 M 3 21 |
EN zas | 335 505 533 1558
aooook& 0.49 215 § 1583 610
B 158
sooo00 (11 'M * it H"*W l m il WU
! ‘dM"n"} ) 1ty LRl \"’\. i
400000 &
2000003
¢ 264 NL: 2.65E6
| 261 (265 miz=
2500000 545 546 474.50-475.50 F:
1266 FTMS + p ESI Full
Bl | 542648 ms
2000000 ‘ 551 [200.00-600.00]
8 MS 10min mnp.
k] 137 261 ([ 302 328 5“"\553
€ 1500000 | i I W w M 538
3.36
E -W M'\“‘ h?“ M L i ‘| *"4” 537} 1556
: ] 1550
4 1000000 «‘“ I 1 il R
K | ¥ L heoo
q | N
i L
500000 | ! I
G| I
544 NL: 2.19E6
q 542 miz=
2000000 sap? 474.50-475.50
B TP 475 FTMS 4 p ESI Ful
1500000 ] 540548 [200.00-600.00]
7] basn MS 30min mnp
1400000 538
1200000 263 ad 70! azs | ‘5-52
9 262 ] L
1000000 ] | il n 70 554
800000 228 2% | 535! 556
500000-{0.23 056 154 ,"J L T |
. X E i \ ! 558  7.00
R r—— Uty 41 YL P BT dae
400000 ] o Wy (Vv o
L Vbl ol
200000 W\ L |
S A B e e R T T
1 2 3 4 5 5 7
Time {min)

RT: 0.00- 15.00
NL: 1.26E7
12000000 e miz=
11 §§ 'l 185 476.50-477.50 F
3 Iy F FTHS + p ESI Full
1oocoopo 166 (201 E
- 164! {208 [200.00-600.00]
| 1219 MS Omin Mnp
EODDEIDDj 158
1560 238 a1 oar
6000000~ | l240 918 %
118 Jaas 503 828
- 148 | [ Tos8
4000000~ 1 l249 894] \'9gp
137 2 52 384! Nass
-1.26] 873/ 10.08
2000000 / \ 20 s55f 10.17
1 7 288 MGO 675 809 10.32 14.68
1405
0 o u._ w15y, Wn / \L_ S——
318 313 NL: 7.59E6
miz=
7000000~ 476.50-477.50 F
q TP 477 FTMS + p ESI Full
8000000~ - ms
@ [200.00-600.00]
% 5000000 MS 10min mnp
3
2 1
2 4000000—
2
3 :
£ 3000000~ 427 439
& 1
= 2000000~ |‘
3 459
1000000 lags &85 o8 947 g5
—rgzzaoll A A LA 1237 1200
318 319 300 NL: 4.22E7
t ® =
40000000= miz=
= 476.50-477.50 F:
& 11477 FTMS + p ESI Ful
35000000 / 2
[200.00-600.00]
200000004 MS 30min mnp
25000000 “
20000000
15000000 _
10000000
5000000 | & %s 4.30
=) 460
235 285 |, 682 so0 956 1259 1360
B — -
0 2 a 10 12 14

Time {min}

Figure S7. Extracted ion chromatograms at M/Z 445 (A), M/Z 431 (B), M/Z 417 (C),
M/Z 461 (D), M/Z 459 (E), M/Z 477 (F) and M/Z 475 (G). Within each panel, the ion
chromatograms from top to bottom represent the initial tetracycline parent compound
sampled after 0 min, 10 min, and 30 min. The peaks were identified using mass

spectrometry
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Figure S8. Mass spectrum of tetracycline.
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Figure S22. The MS2 fragmentation profile and proposed fragmentation pattern of

TP459.
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Figure S23. The MS2 fragmentation profile and proposed fragmentation pattern of

TP477.
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Figure S24. The MS2 fragmentation profile and proposed fragmentation pattern of

TP475.
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Table.S1 Factors and corresponding levels in Lg (2°) orthogonal experimental design.

level Glucose/g-L™! Ammonium tartrate/ g-L™! MnSO4/mmol-L!
(X1) (X2) (X3)
1 10 1.62 1.00

2 2 0.20 0.02




Table.S2 Matrix layout of the Lg (2°) orthogonal array design.

Experiment Glucose Ammonium tartrate MnSO4
No. (gL (g-'Lh (mmol-L")
1 2 1.62 0.02

2 10 1.62 0.02

3 2 0.20 0.02

4 10 0.20 0.02

5 2 0.20 1.00

6 10 0.20 1.00

7 10 1.62 1.00

8 2 1.62 1.00
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