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Identification of diet digestive enzymes

Enzymes digesting carbohydrates, proteins or lipids were identified according to the
annotations from UniProtKB and KEGG, and/or referring to literatures after performing a
local BLASTP (v2.3.0) and/or NCBI conserved domain search

(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). Traditionally, cellulose was

thought to be degraded by three main types of enzyme activity: 1) cellulases (EC 3.2.1.4),
2) glucan 1,4-B-glucosidas (EC 3.2.1.74), cellulose 1,4-B-cellobiosidase (non-reducing
end) (EC 3.2.1.91), cellulose 1,4-B-cellobiosidase (reducing end)(EC 3.2.1.176) and 3) -
glucosidases (EC 3.2.1.21)[5]. Xylanolytic enzymes includes a-L-arabinofuranosidase
(EC:3.2.1.55), acetylxylan esterase (EC 3.1.1.72), and a-D-glucuronidase (EC:3.2.1.139)
[13]. Oatspelt xylan can be degraded by a-L-arabinofuranosidase, xylanase (EC:3.2.1.8)
and PB-xylosidase (EC:3.2.1.37) in turn [15]. Among the pectinolytic enzymes, pectin
methylesterase (PME) (EC 3.1.1.11) catalyzes the removal of methyl groups, improving
the affinity of the pectin depolymerases pectin/pectate lyase (PL) and polygalacturonase
(PG) for the pectin main chain. PL (EC 4.2.2.) uses a trans-elimination reaction for
cleavage, thereby releasing unsaturated sugars, and PG employs a hydrolytic reaction for
saturated sugars release. Among PGs, the endo-PG (EC 3.2.1.15) randomly hydrolyze
internal sites of the pectin main chain, while the exo-PG promote a sequential cleavage
from non-reducing ends liberating di (EC 3.2.1.82) or monogalacturonic acid residues
(EC 3.2.1.67) (reviewed in [7]). The degradation of l-arabinan involves the synergistic
activity of two major enzymes: o-l-arabinofuranosidases (ABFs; EC 3.2.1.55) and a-1,5-

arabinanases (ABNs; EC 3.2.1.99) [19]. Dietary protein digesting enzymes includes
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endopeptidases and exopeptidases. We also included dipeptidyl peptidase 4 (DPP4) and
peptidase M4 family in this study. DPP4 has been shown an important digestive function
in Tenebrio molitor larvae [18]. Peptidase M4 family includes several endopeptidases
such as thermolysin (EC 3.4.24.27), aureolysin (the extracellular metalloproteinase from
Staphylococcus aureus), neutral protease from Bacillus cereus and protealysin. Most of
these secreted proteases degrade extracellular proteins and peptides for bacterial nutrition,

especially prior to sporulation [12].

Identification of lignin-degrading enzymes

There are very few studies on insect lignin-degrading enzymes. Extracellular enzymes
involved in lignin degradation are lignin peroxidases (LiPs, ligninases, EC 1.11.1.14),
manganese peroxidases (MnPs, Mn-dependent peroxidases, EC 1.11.1.13), Versatile
peroxidase (VPs, EC 1.11.1.16) and dye-decolorizing peroxidases (DyPs, EC 1.11.1.19),
as well as laccases (benzenediol: oxygen oxidoreductase, EC1.10.3.2) [4, 9]. Two major
classes of bacterial lignin-modifying enzymes are DyP-type peroxidases and laccases.
Furthermore, recently also several other bacterial enzymes, Glutathione-dependent -
etherases, manganese-dependent superoxide dis-mutases (MnSODs), Catalase-
peroxidases (katG, EC 1.11.1.21), three different types of enzymes involved in
degradation of guaiacylglycerol-p-guaiacyl (LigD (a Ca-dehydrogenase), LigF (a -
etherase) and LigG (a glutathionelyase)) and four different types of enzymes involved in
the initial steps of degrading a biphenyl compound (2,2’-dihydroxy-3,3’-dimethoxy-5,5’-
dicarboxybiphenyl) (LigW/LigW2 (decarboxylases), LigY (a C-C hydrolase), LigX (an

iron-dependent demethylase) and LigZ (an extradiol dioxygenase)), have been discovered



that seem to play a role in lignin modifications[4]. In addition, catechol dioxygenases are
further classified as being “extradiol” or “intradiol,” both degrading lignin[16]. The role
of NADPH: quinone oxidoreductase in degradation and depolymerization of lignin is

well established and reported, and the expression of quinone oxidoreductase, acetyl-CoA
acetyltransferase, enoyl-CoA hydratase, dehydrogenase (responsible for cleavage of ether
linkage), and cytochrome peroxidase was expressed on lignin (reviewed in [11]).

For ligninlytic enzymes identification, protein sequences of DyP, laccase, LiP, MnP, VP
and those presented in ref [3, 4], retrieved from NCBI, were used to setup local database
for BLASTP and the results were confirmed by both Uniprot and NCBI CDD annotations,
and for MnSOD identification, SWISS-MODEL

(https://www.swissmodel.expasy.org/interactive) was also used. We did BLASTP against

Peroxibase (http://peroxibase.toulouse.inra.fr/) for ligninlytic peroxidases from the anal
droplet. In Genbank, ligXs (BAK65452, BAA36168) are annotated as protein with
RHO alpha C DMO-like (cd08878) domain, which was also considered as a rule to
identify a ligX. For identification of other enzymes, local databases were setup and

BLASTP was carried out.

Identification of plant secondary metabolites (PSMs)-degrading enzymes

Plant secondary metabolites (PSMs) and other xenobiotics are toxic to insects and their
gut microbes, and gut microbiota may reduce PSM toxicity to the host[8]. PSMs can be
divided into three major groups: phenolic acids, terpenoids and steroids, Nitrogen-

containing alkaloids and sulphur-containing compounds[ 14]. High levels of non-protein
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amino acids have been identified in certain plant families and have direct toxic effects on
insects via several mechanisms [10].

The metabolic excretion of PSMs and other xenobiotics by insects tends to occur via
insect-derived enzymes such as cytochrome P450s, glutathione-S-transferases (GSTs),
carboxylesterases (COEs), and UDP-glucuronlytransferases (UGTs). And in the end,
conjugated compounds are exported out of the cell by employing ATP-binding cassette
(ABC) and other transmembrane transporters (for review, see[1]). Gut prophenoloxidase
also detoxifies plant phenolics[20]. The enzymes catalyzing the isomerization of
flavanones (chalcone isomerise (EC:5.5.1.6)), the reduction of chalcones (enoate
reductase (EC:1.3.1.31)) and the cleavage of dihydrochalcones (phloretin hydrolase
(EC:3.7.1.4))[2]. Tannin acyl hydrolase is an enzyme that hydrolyses the ester bonds of
tannic acid to produce gallic acid and glucose and galloyl esters. Tannase (EC: 3.1.1.20)
as inducible enzyme is produced by variety of microorganism such as bacteria, fungi and
yeast [6].

Microbe-derived p450s were identified by the EC numbers

(http://www.icgeb.org/~p450srv/P450enzymes.html) which were converted to GO IDs.

Since PSMs consist of a wide range of compounds and their degradation occurs via a
large number of metabolic pathways, it is difficult to collect all known degrading
enzymes. We used the GO IDs (GO:0019748, GO:0009820, GO:0006721, GO:0009812,
G0:0009698 and GO:0030638) and their children IDs to collect the enzymes involved in
PSMs degradation. Enzymes involved in the degradation of geraniol, limonene and
pinene were identified by KEGG annotation. The untargeted enzymes were removed

manually based on the annotations from UniprotKB.


http://www.icgeb.org/%7Ep450srv/P450enzymes.html

The known gut microbial enzymes with relevance to polyphenol metabolism are
Quercetin 2,3-dioxygenase (Flavonol 2,4-dioxygenase, Quercetinase), dioxygenases,
NADPH-dependent curcumin/dihydrocurcumin reductase (CurA), Daidzein reductase,
Dihydrodaidzein reductase, and Tetrahydrodaidzein reductase [17]. We used Uniprot IDs
presented in ref. [17] to collect these enzymes, and for those do not have GO annotations,
local BLASTP was carried out.

As the url http://www.icgeb.org/~p450srv/P450enzymes.html does not work now, we

presented ECs of P450 in the following Table S1.

Table S1 EC numbers of P450 used in this study.

EC Recommended name Family(gene)
1.3.3.9 secologanin synthase CYP72A1
1.14.13.11 trans-cinnamate 4-monooxygenase CYP73
1.14.13.12 benzoate 4-monooxygenase CYPS53
1.14.13.13  calcidiol 1-monooxygenase CYP27
1.14.13.15 cholestanetriol 26-monooxygenase CYP27
1.14.13.17 cholesterol 7-monooxygenase CYP7
1.14.13.21 flavonoid 3'-monooxygenase CYP75
1.14.13.28  3,9-dihydroxypterocarpan 6a-monooxygenase CYP93Al
1.14.13.30 leukotriene-B4 20-monooxygenase CYP4F
1.14.13.37 methyltetrahydroprotoberberine 14-monooxygenase CYP93A1
1.14.13.41 tyrosine N-monooxygenase CYP79

1.14.13.42  hydroxyphenylacetonitrile 2-monooxygenase -
1.14.13.47 (-)-limonene 3-monooxygenase -
1.14.13.48 (-)-limonene 6-monooxygenase -
1.14.13.49  (-)-limonene 7-monooxygenase -
1.14.13.52 isoflavone 3'-hydroxylase -
1.14.13.53 isoflavone 2'-hydroxylase -
1.14.13.55 protopine 6-monooxygenase -
1.14.13.56 dihydrosanguinarine 10-monooxygenase -
1.14.13.57 dihydrochelirubine 12-monooxygenase -
1.14.13.60 27-hydroxycholesterol 7-monooxygenase -

1.14.13.70  sterol 14-demethylase CYP51
1.14.13.71 N-methylcoclaurine 3'-monooxygenase CYP8SOB1
1.14.13.73  tabersonine 16-hydroxylase CYP71D12

1.14.13.74 7-deoxyloganin 7-hydroxylase -
1.14.13.75 vinorine hydroxylase -

1.14.13.76  taxane 10-hydroxylase CYP725A1
1.14.13.77 taxane 13-hydroxylase CYP725A2
1.14.13.78 ent-kaurene oxidase CYP701

1.14.13.79 ent-kaurenoic acid oxidase CYP88A
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1.14.14.1
1.14.15.1
1.14.15.3
1.14.15.4
1.14.15.5
1.14.15.6
1.14.21.1
1.14.21.2
1.14.21.3
1.14.21.4
1.14.21.5
1.14.99.9
1.14.99.10
1.14.99.22
1.14.99.28
4.2.1.92
5.3.99.4
5.3.99.5

unspecific monooxygenase
camphor 5-monooxygenase
alkane 1-monooxygenase

steroid 11-monooxygenase
corticosterone 18-monooxygenase
cholesterol monooxygenase (side-chain-cleaving)
(S)-stylopine synthase
(S)-cheilanthifoline synthase
berbamunine synthase
salutaridine synthase
(S)-canadine synthase

steroid 17-monooxygenase

steroid 21-monooxygenase
ecdysone 20-monooxygenase
linalool 8-monooxygenase
hydroperoxide dehydratase
prostaglandin-I synthase
thromboxane-A synthase

multiple
CYPI101
CYP4A
CYP11B
CYP11B
CYPI11A

CYP17
CYP21
CYPI111
CYP74
CYP8
CYPS5
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Fig. S2 A heatmap of bacteria identified from guts and anal droplets. Only those
with frequency of more than 500 are shown
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Fig. S4 SDS-PAGE of the anal droplets. The gel was cut into 11 segments at the red line for Q-TOF (Jing et al, 2018). The counts of
identified protein from each segment are shown in a barplot.
Jing T, Wang F, Qi F, Wang Z. Insect anal droplets contain diverse proteins related to gut homeostasis. BMC Genomics. 2018; 19:784


Beetles
文本框
Fig. S4 SDS-PAGE of the anal droplets. The gel was cut into 11 segments at the red line for Q-TOF (Jing et al, 2018). The counts of identified protein from each segment are shown in a barplot.
Jing T, Wang F, Qi F, Wang Z. Insect anal droplets contain diverse proteins related to gut homeostasis. BMC Genomics. 2018; 19:784


Protein digestion

Endopeptidases Exopeptidases
EC:3.4.21 EC:3.4.22 EC:3.4.24 EC_3'4'17 EC:3:404 ECi34dd COOH
H2 dpa:U“TPK? bgj:AOAOG4JINY2  swi:A5V586 ﬁo
NH2 mno:B8IUF1  swi:A5VDP2  chh:ADA172XZP3 dpa:UdTZ34 chh:AOAT72XSY1 DOIFAOAOGAJIZ38  swi:A5V9Z3 NH2

asv:RIGNQ2 _dpa:U4UIL4 _ pcm:C6DBGH COOH dpa:U4ucss ; pct:AOA127V8Z2  rer:COZUES

dpa:N6TPRY  dpa:U4ULKO axy:E3HVY1 ; g ct:ADA127VH22 pcm:C6DDW1

dpa:UATXR1 (o] asv:RIGREY :Zh:égm\ﬁ;om R AT icm:CBDFBQ o [e)
O dpa:U4TZzZ2 4 chh:AOA172XY60 pcm:CEDFW1
S dpa:U4usT2 NH2 EC:3.4.15 EC:34.13 ala:ADA1B2LX44  dfe:CBVWS57

dpa:U4U680 ala:A0A1B2M117  axy:E3HEJ3

dpa:uU4u707 OO ala:A0A1B2M133  axy:E3HICO

dpa:U4UAY4 % rgi:AOATL7AGP1  ppu:Q88LB8

dpa:U4UB78 asv:ROIGXW5

Proteins

Polypeptides + Amino acids

Lipid digestion (KO00561,K000564)

Oligopeptides + Amino acids

a EC:3.1.1.3 carboxylesterase o 9 q
6 ol olln EC3.1.13 ofln
RJLO{ o HO~|:
o-lLg chh:AOA172Y0S1 rer:COZPV5 oH oH
con422 ala:AOA1B2M171 pcm:C6DJN7  coossr co1885
| rer:COZPES dpa:U4UBE2 N ‘ EC:3.113
EC:34.1:3 whon
" 9% phospholipase A2
phospholipase D : ° X
EC:3.1.4.4 alw EC14 il EC:3.1.1.5 lysophospholipase
- leo{ 5 oHy Mno:B8ILB1 HO{ . e glycerophosphodiester phosphodiesterase
hh:AOA172XYQ6 i \_cy, Mno:BaIUYE 0-p-0"1 CHa :3.1.4.46 oH.
11 - g~ Ho o pebiceRTS oA A
2 i 2 ey EC:3:1.1:32 . HREEt la: AOA1B2LX24 e
I, EC:3.1.43 :3.1.1. o ala: cootts
9 {OLR o {" R _ chhiAOA172XVR8 o o He: MO pet CODKI
B @ Ter:.COZTY4 ; L. bt CHa L o SHa ct: CEDFY0 oH g
i oH ; ala: AOA1B2MOL7 HO. 0-£-0, & HO. 0-p-0 £ Q
o amen dfe:CBVU94 — hhospholipase A1 o e EG2 148 Y e die; GOVIR2 Ho\/'\/oigioh
3 3
conete axy:E3HR35 s s dfe: C6VXTO it
asv: ROGRR2

phospholipase C

Fig. S5 Droplet enzymes digesting proteins and lipids. The digestion pathway of
phosphatidylethanolamine was not shown, which is the same as that of phosphatidylcholine.
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@ T ADATBOMOUT —_— o B8IBD2 w ala: AOA1B2LY91 = © ° ppu: Q88LO1 o
ala: ADA1B2MOU1 same as before mno; BRIR02 2 ’ cuieio coazz - COZTF6 fcono3t
coranr s connsn s\ rgi: AOATLTALYE 0240 remt BaIFATS
benD-xylL EC:1.3.1.25 missing | EC1.13.41.2 dmpB e
O OH EC:1.14.12. 100,91 missing  wo EC:1.2.1.85 oH EC5.3.26 1.5 ECA 107 o I
benB-xylY ,on Ao dmpC oy 0 praC oH L dmpH ﬁ)ﬁ
R e — Y g W E HO
swi: ASVOM7 o~p HO missing oA HO  pet: CBDHA9 ?mm swi: A5V4R3;rer: COZVES Not,
EC:1.2.1.7 cooiso cosazt coossz cozs01 conses
xylC EC:1.2.1.28 |missing EC1.14.13.243 EC 421, Bolrer: C0ZPW9
Toluene degradation ' o EC:1.1.1.90 _ow ECA.14.13-  ECHI8ISS50q ECH1413.243 EC1.43.11- v EC37.1.25 on EC4 2180 1o o EC:4.1.3.39 0
(KO00623) tmoF @cna on todE @ o O o MNBE oA oM
—_— 3 ——
rer: C0ZQ21 mno: B8IVR1 same as before same as before ©10H missing Z OH missing "°  Scn, Same as before & swi: A5V856 <]
Xylene degradation coozet coosse cotiss i . S cos210 coos96 Soates cooozz
(KO00622) benD-xylL EC:1.3.1.-  missing EC:4.1.343 | pphi
CHy  Ecq14.4526 [ ECi1.1.1.90 0 EC:1217 HOLO  ECi1.14.12- o OH missing
CHs missing o SAMe as before! cH, Missing oH, SaMe as before on Ho & oH SHa
coran corase corzo coraat e EC:1.3.1.68 cosasz
o, EC1.141526 o1 EC1.1190 o  BCA217 o o Ecq4412- mo_o benD-xylL
" E e [ v, EC:121.28 o LY EC4.2.1. 132|bth
— - 3 3 mrsslng
missing same as before missing same as before missing EC:41177
cora1z » cora1s cora1e o P EC:5326 :4.1.1.
’“\@EC'1'14'15'2%H EC:1.1.1.90 EC:1.217 ECAA412+ _,  EC:13167 ECH1.13.11.2,, EC:1.2.1.85 ™M§ praC  aoy™  AMPH N o
missing /\©\ —_— Lo — OH et i A5VAR3
EASTRS CHs - same as CHs mrsslng k@ same as )b\ ""55'"9 OHmissing HO missing ow  pet C6DH49 T o f::l COZVES ci35¢ o
cos7s7 before coerse — s etire s cos7e0 corare . :
. )
Gallate degradation (KO00627, KO00362)
OH : H
y IEE;C.1.13.11-8 on Oy OH  EC5328 on o ECH4.2.1.83 00N 0, EC4.1317 o
g o galD ok b GalB ) HMG aldolase C)f\ﬂ/oh
e e —_—
MO OH rgi: ADATLTAMST & ppu: QBBJY0 P missing ) O T missing =3
01424 C04434 04324 C04115 L
4-Chlorophenol degradation (KO00361)
OH EC:1.14.13.20 o EC:1.13.11.1 EC:5.5.1.1 EC:3.1.1.45 CHy
#dB OH catA Ho Olu 0 catB H4G: ) pf
swi: ABVEP1 mno: B8IBD2 | 07~ MO ala ADATBLYST gt Agg\:';;’;ﬂz o
cl a i cosses axy:
o o, i AOAILTALYE asv: RIGP25
Fluorobenzoate degradation (KO00364)
EC1.14.12. 10 M EC13411 EC:5.5.11 EC:3.1.145

EC13125 o.

e #Ar
me as before F7\_ same as beforeg o
cieas cozzzz

&

cozase

F Mmissing

@ L a4
same as beforestm sa

16473

F same as before
ciea
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Geraniol degradation (KO00281)

EC:6.4.15 EC:4.1.34 EC:2.3.1.16

CH3. CH3 CHgy atuC [} Ecé 2.1.57 HO’ S—CoA  hmgL fadA . 5
PSS A Ao T H:cm E3HRH3 s-Con MU swi: A5VBRO Gy 0 0 ppu: Q88LO1 2
cosso issing HaC S—CoA axy E3HJH6 HO SOt Hac)\/\)l\/u\s,mA ch)%/\/ms,m,\

3 axy: E3Hyz5 ppu: Q88HG4 rer: COZTF6 i
cors20 cotzss ppu: QBBH25  ciswse
corers rer: COZN81 EC:4.2.1.17 EC:1.3.99.- | missing
EC23.1.16 EC:1.1.1.35 HADH, fadB, fadJ . apn7g  PaaF fadB, fadJ
GHy O fadA CHs O o cla: N6TPCY CHy OH O el ﬁgﬁﬁ mnoc::sg/uT? Lgi: /;%%Igfj% J
I3 - '3 SWI rer: g S

noAS s BBl HJCWS con PPUTQBBLO2 oo S-Gon SWi ABVTX5 _fer: C1A224 _ ala: AOATBZMZUB  Lovr S0

cosoes 47 ala: ADA1B2M2US cissse swi: ASVCF7  rer: C1A212  pct: CBDI65

pet: C6DIB5 ppu: Q88LT2  axy: E3HHJO pct: C6DAL7

pet: C6DAL7 ppu: Q88KS2  ppu: Q&aLozO rer: COZN37

Steroid degradation (KO00984) CEIENS et i

i EC:1.14.15.30 L EC:1.14.14.12 | e
EGid.8995 § EC:1.3.904 KshA, kshB 7 heaA "R EC:1.13.11.25 ;555-3-7-1 A7
tesl

it rer: COZPY5 H,c. oH missing oTrer. COZPY6
" rer: COZPWS8 rer: C0ZZ70 rer- COZTB5

H rer: COZVU8 ©
coos7s cooze0 cassos cassss coa793

canazs

beta-Alanine metabolism (KO00410) oo HES 6 .
EC26118EC26.1 10 EC121.18 ? H,c*g
q. axy: 3t ibes AN, s ABVAGA pet CEDCN 5y OH  missingeomee | missing eoooss
o Hy ——2X ESHEOR, Swi: ASVA404 _pet: CBDCNT_ 11384 ¥ :
e " Tmno: BBIMEQ rer: COZTKG . O~ O ooi- QBBEOT axy E3HLUZ. O "S70h EC:4.2.1.132 EC:4.1.343

coooze

GABA (gamma-Aminobutyrate) shunt (M00027/KO00250/KO00650)

EC:2.6.1.19,EC:2.6.1.96 EC:1.2.1.16;EC:1.2.1.79
o gabT, POP2 o gabD o
gt rer: COZTK6 o~ ala: AOA1B2LXV3 _rgi: AOAIL7AF45_swi: ASVEDQ HoMon
B ellele . .
v O Tgi- ADAILTAFS0 comme "~ ala: AOATB2MIQ8 mno: BBIEH5  ppu: Q88RCO S

pem: AOA127V9Z1  mno: B8IVKS pct: C6DJOO cooosz
Nitrogenous wastes recycling (KO00230)

. ®  ECii413113  of  EC35217EC:3525

M _hpxO Kigsse )1\1/:NEC41197E035340
N ’goala AOA1B2LZ84 071\ S — HZN)LNHZ GDH2 EC:14.1.2 swi: A5VF76;ppu: Q88L55;mno: B8ICZ7
crasen Missing g, GLUD1_2 EC:1.4.1.3 pem: ADA127V7W5;dfe: CBVSWS5;asv: R9GQ13
590958 EC3515 gdhA EC:1.4.14 swi: A5V3CO0;ala: AOA1B2M3U9;rer: C1A1R9
ureC
Nitrogen fixation and nitrate rer: COZM21 EC:6.3.1.2 T EEmeeT
assimilation (KO00910 - ginA 9 9 A utamate
( ) EC:1.18.6.1 . : — glts gitd v |_metabolismI
nitb, ni N Ppu: Q88KW1  pct: C6DJD5 HO™ ™ 3 e NH e
_ H N : NH swi: ASV2X0  rer: COZLJ1  ppu: Q88CV5 s
NEN  mti02288,K0208C ppu: Q88CY3  dfe: C6VZA3 2 - A5V400 2 cooozs
cosesr  bgj: AOAOG4K0Z3 <0t ppu: Q88CJ7 dfe: CEWAPT ©°° sSwi rer: C1AOC1  pct: C6DIQ7
asv: R9GZ84 ppu: Q88CJ6  asv: ROH3J2 ppu: Q88CV4  rer: COZTW2  asv: ROGQ34
ppu: Q88084 asv: ROGML3 pct: C6DIQ8 asv: R9GQE7 rgi: AOA1L7ADP4
:1.7.99. EC.77. aj: - 3
a0 naff\: 1.7.99.- E/S 1474 bai: AOAOGAJISZ2 zgoAgiglEC;;szz ala: AOA1B2LWJO
> HO P s ala: AOA1B2M412 orm: AOA27VAQQ
coozas  SWi: ASV706  coooss mno: B8IGU3 pcm: AOA127V7F9 f i AOA1 L7AK93
mno: B8IGU1 chh: ADA172XU41 2
Taurine metabolism (KO00430,K000920)
TauAC EC:1.14.11.17 EC:1.8.1.2,EC:1.8.7.1 EC:2.5.1.47
cysJl sir cysK Q
02 ala: AOA1B2LY43 o tauD °iS’°” ala: AOA1B2M3X5 _swi: A5VF75 H_H _ppu: Q8BE95 pct: C6D9P4 Ho)K/\SH
HoN OH - 5 N H s’ SRR H
conzss bgj: AOAOGAK278 Swit ABVBET oy, @18 AOATB2LX2T rer: COZTW3 ~_° = bgj: ADAOGAJQNS mno: BBIK19 NH,
rer: COZP75 rgi: ADATL7ACL3  ppu: Q88KB9 rgi: ADA1L7ACB5 rer: COZUY9 coono?
axy: E3HUU7 mno: B8IRY2 pet: C6DDH3
Assimilatory sulfate reduction (KO00920) NH,
CysPUWA CysND " CysC ™ CysH
Hojs‘)fOH—>H0*(‘5)‘*OH OH OH L Q}__ L N Oy, OH o
I ppu: Q88CL2 ppu: Q88CLO & ppu: Q88NAS ala: ADATB2LXN7 swi: ASVBM1 = -0-f- OL , ppu: Q8BNAS 0=5-0-F- 0‘(_7/ PP QBBKG2 H N
css  ala: AOABLY37 rer: CIATHB  comss |2 000” pot C6DDGO ppu Q8BNAS  © (_7 rer:C1A200  OF O 3 ons ala: AOATB2LXWAS™™ Sameasbefore  cones
rer: C1A1H6 pct: CBDINS mno: B8IR87 pct: C6DDHO HO' oM O0=P-0H pcn‘q: AOA127VDL6
rgi: AOA1L7AC82 ala: AOA1B2LXL4 axy: E3HVT1 rer: COZUWS  coozzs OH
axy: E3HVS8 pct: CBDIN3 chh: AOA172XR76 bgj: AOAOG4JWX9 €00053
pct: C6DC23 asv: ROGVV3 ala: AOA1B2M3Y8

Fig. S7 Droplet enzymes degrading terpenoids, steroids, non-protein amino acids and
involved in metabolism of nitrogen and sulfates.
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Histidine biosynthesis, PRPP => histidine (M00026,KO00340)

; EC:5.3.1.16 Q
E£024.2.07 EC:36.131 on EC:354.19 hisA A o
o hisE  HO-| P 0‘ hisl HO-P-0 : HO-! P o 2 3 ]
Ho Ho danles i & ala: ADATB2LW13 *O7F L .
B~ Opogofon e B L)&\> missing °_ o on ﬁ» ppu: Q88015 3HQKe #lyey [ Ly
Horo (86 ala AOATB2M2EE 9 o ol oy Ter CIAOLZ .. " BpuGRa .
. e £pusQBaREY HOQP’O’EEO’EL o rgi: ADATLTAKS1 cosss baj: ADADGAK1P2
coonss ppu: Q88DD7 W o HO' oM . EC:4.3.2.10 raily_/\g::'g;/’;HEg
i coznat :
. . E ; hisF, hisH u: Q88R44
: eIl EEmaLam o EC31315 o T e o aoAtravass
(A Yy = () W e () e NISB TOT mopr ot NS e oo (e Ko b0 (Y alar AoATB2LWIS
T AOATL7AGA5 N 2O rgi: ADATLTAGAS NS ALK 0 0a 107786 NS mnoiBBIRUS g o Ly axy:E3HQKS 6 WO -y rgi: ADATL7AKVO
swi: ABVA15  cotszs swi: ABVA15 cooas0 cottoo pem: CBDH43 .- cosene
cootss axy: E3HQK9
Isoleucine biosynthesis, pyruvate => 2-oxobutanoate (M00535,KO00290) ppu: Q88P86
Isoleucine biosynthesis, threonine => 2-oxobutanoate => isoleucine (M00570,KO00290) PREReRE EC:43.1.19
o EC:2.3.1.182 EC:4.2.1.35 EC:4.2.1.35 IECE:;1.1.1.85 SDS, ivA .
leuCD 0._OH Ho o eu rer: CIAOVO  swi: A5SVDW1 M A
OH : e SWISQOV TN
mc)gg _cimA NOH ala: ADATBILWGS axy: ESHIVG *j\c” wo A g, aa: AOMBALWT4 cﬁ({ioﬁ 5o CEDRF bgj AGADGAIUK4 "7,
o0z dfe CBVV54 o rgi: AOATL7ALC4 axy: E3HR53 il 3 same as before O CHs swi: ASVEW6 3 1 ppu: Q88HB4  ala: AOATB2MO11  copuss
asv: ROGLU3 bgj: ADAOG4JVIS  ppu: Q8BLES casoaz mno: B8IN11 oot rgi: AOA1LTAGY®
swi: A5V8Q9 ppu: Q88LE7 rer: COZXM4 EC:2.2.1.6
pcm: CBDEWO EC:4219 asv: R9GUC5 ivIBHM
EC:2.6.1.42;EC:1.4.1.9 ilvD EC:1.1.1.86 EC:1.1.1.86 o9 bgj: AOAOG4JU50 axy: E3HLUS
ww b SWCHCL pct: ADA127VLS9 _mno: B8IS07 anw m“"ﬁ”}ﬁ ivG HaoAseA ala: AOA1B2M101  axy: E3HNO9
—— 113 3 o Sl ————1 . 3
Ho' o ’ ppu: Q88H54 I o alfa_':g::g%\gg pcmé?.ﬁ:%? e same as before I o bgj: ADAOG4JTZ4 swit ASV2T3 any E3HX12
o ppu: Q8BE5T  coosns rgt:. — cosonr craa0 pot: AOA127VKGT  cosoos swi: ASVBH3 ppu: Q88DY8
iE swi: ABVBV7 axy: E3HJY9 ala: ADA1B2M1Z4 mno: B8IG12 pcm: C6DEV5
ilv swi: ASVAS1 ppu: Q88CQ2 rer: COZXM2 mno: B8IVK9 ppu: Q88DY9
swi: ASVFC7 asv: ROGPA3 dfe: CEVV6B1 mno: B8IW65
Leucine biosynthesis, 2-oxoisovalerate => 2-oxoisocaproate (M00432,KO00290) ppu: Q88DZ0
EC:2.3.3.13 EC:4.2.1.33 EC:1.1.1.85 ] -
- luA leuCD gn leuB - EC:2.6.1.42,EC:1.4.1.9
HyC 4 ala: AOA1B2M4B6 pem: CEDJYT Hjc)wo“ bgj: AOAOG4JVIS : E3HIY6 on ala: ADATB2LWT4 )\JYOH __K00826,K00263 JV\(CH,
I T mnolBBIHSS | dfe: CBWWEZ 4ok 0 @l ADATBILWQS 0 3RS orge  SMLAGVEWG : N same as before Rt Chs
contet rer: COZN67 ppu: Q88P28  cozsos rgi: AOATL7ALC4  ppu: Q8BLE8 .~ mno: B8IN11 conzas conz
asv: ROGLD4 swi: A5V8Q9 ppu: Q88LE7 rer: COZXM4
pcm: CBDEWO asv: ROGUC5
Lysine biosynthesis, succinyl-DAP pathway, aspartate => lysine (M00016,KO00300)
EC:2.7.24 lysC, thrA, metL EC:1.2.1.11 EC4337 EC:1.17.1.8
a asd dapA dapB
Hory O pet AOAT27VCQ2 dfe: CEVWJO i 8 ba: AVAOGAJUAT pom: C6DHE2 _ o rgi: ADAILTALSS " pet: ADA127VK93 YO*
S %ﬁ‘ f 0-P-OH - 5 - : S
N0 “pet AGAT27VCZ2 ppu: QBB Ho O S ROATEAeS axy: E3HIT8 ' &y, TGF ADATLTALWA HO\IKO\(OH la: AGMBILVIT - HOy N O
coonss chh: AOA172XXUQ dfe: CEW787 NH; O rer- COZNTA . 2 8 w Swi: ABV2Q9 o )
) . ; ppu: Q88LE4  consss rgi: AOA1L7TAMES ) ) / i
ala: AOA1B2M160 pem: C6DHN9 ppu: Q88NH2 - pem: C6DFO0 T
chh: ADA172XTL1 asv: RSH4FO : ppu: Q88DU4  EC:2.3.1.117] mgrja.o' =i
asv: ROGTY3 EC:4.1.1.20 EC:5.1.1.7 EC:2.6.1.17 argD, dapC =
lysA dapF EC:35.1.18 dapD)| axy: E3HTU6
o o o = Lena 9 [o] o] © ¥ ppu: Q88MP1
. dapE -
HaNe~~ Ay N0 BBIHNS HOWCH ala: AOAIBIMIET, W p HOWOH PR A°A127VEF2Hoon &
,Q‘HQ rer: C1A1T4 N, ,Q‘Hz mno: B8I9H6 NH, NHE pcm: C6DBVO NH, Hg‘N rer: C1A054 o Hg‘N
- ppu: QBBLES  copese ppu: Q8BCF3  coese T OH ala: AOA1B2LZS5 T O

axy: EBHTUS s

cossat

Methionine biosynthesis, aspartate => homoserine => methionine (M00017,KO00270)
EC:1.1.1.3 hom, thrA, metL

EC:27.24 5 5 aEsg: 2.1.11 EC:2.3.1.46 metA, metX o o
SRR RS HOMO*‘MH —_—mTe HoJ\;v/D chh: AOA172XTL1  ppu: Q88MU8B  dfe: C6W787 i/\/OH K00651.K00841 HCJWH/C\/\A)J\CH
same as in M00016 i, I on same as in M00016 NH;  Gla AOATB2M2Z1  PPU: QBBU34  pem: CBDHNG — HO™ Y ala: AOA1B2LVH6 o an
conoss J— e mno: B8IKZ9 asv: ROGTY3 e ? TGt AOAILTAGRY oo 45
Z mno: BBIIDQ
EC:2.1.1.13;EC:2.1.1.14 metH, metE EC:4.4113
5 mno: B8IH83  bgj: ADA0OG4JU22  chh: AOA172XT26 o melt Ko jw NHz
A __s.. _rer COZZW2 _ala: AOA1B2LZY7 _ala: AOA1BLXT70 , J~_sH .- HO NS o
HO CHy - : HO™ ala: AOA1B2LWE7 i T
NH, pcm: C6DFQ1  ala: ADATB2M1PS  swi: A5V8Z2 NH, W 2
conors ppu: Q88KB5  swi: ASVFQ7 asv: ROGX76 cootss cozzst
Phenylalanine biosynthesis, chorismate => phenylalanine (M00024,KO00400)
OH EC:5.4.99.5 OH o EC:4.2.1.51 EC:2.6.1.57
o%, oH [e] tyrB o
g o — o —SWi ASVAB4_ Ao
Jﬁf missing Y missing o pcm: C6DE84 NH.
conzst Cnnmn cooiss ppu: Q88LG1T  cooors
Threonine biosynthesis, aspartate => homoserine => threonine (M00018,KO00260
Y| P
EC:2.7.1.39 EC:4.2.3.1
o o thrB thrC
OH o OH " o oH
HEE RSN e o oA~ chh: ADA172XWN8 PLa bgj: ADAOG4JVCO I _~_o-P-oH
m same as in MOO017 RHe Ter CIAIZZ Hokﬁ:\/ & pouageMO7 . "R T8
connss conzes dfe: C6W786 e cosioz
Tryptophan biosynthesis, chorismate => tryptophan (M00023,KO00400)
B 0N EC:4.1.3.27 trpE EC:24.2.18 on Ho._o EC:53.1.24 o EC:4.1.1.48 OH EC:4.2.1.20 trpAB o
O oM ek o0 N ek OH QH HQ trp Ho 0-p=0 oH
cH,  pct: ADA127VIPO nH, Shh: AOAI72Y1UB B Léﬁ ala: AOA1B2LX65 Wo)ﬁzo chh: ADATT2YING =, O pet: ADA127V7D1_swi: ASVOW? T
oH “pem: CBDGZ9 Ter: CTAT16 T I~ ° Ppuwassare Chh: ADAT72XQU1T dfe: C6OVWHT N
HO o ppu:Q8BQST = T sWi: ASVEWS! H ala: ADA1B2LX22 ppu: Q88RP7 €0
coozst rgi: AOA1L7AJVE ppu: Q88LEO —_— ala: AOA1B2LYY8 rer: C1A0C6
Valine biosynthesis, pyruvate => valine (M00019,KO00290) rer: COZQ99
0 EC:2.2.16 o o EC:1.1.1.86 e EC:1.1.1.86 CHs o EC4.2.19 GHs EC:2.6.1.42; EC:1.4.1.9 Ua
HQCJ\H/DH Hjcuch i c&(ﬂ/ﬁ\on HaC PP (%) |- VA OH HOT T eHs
) ey 3 3% OnY o HoN
same as before 5C OH same as before o same as before OH same as before same as before .

conozz cosoto FERPYE S con141

Fig. S8 Droplet enzymes involved in the biosynthesis of essential amino acids.
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Thiamine biosynthesis, AIR —> thlamme P/thiamine-2P (M00127,KO00730)
99.17

E02747 EC:2513 [FC27418
on i tm/lxcomszm sy Nopai I J\/\/ A0A1'—7AEDB
AR =\ pct )/\( ct AOA127V9R5 | hh: AOA172XVD3 O~ P OH rgi: Q
HO-p-0— O . P-o-p- o chh: ) TRVATT—,
EONO A ala: A0AtBIMRYT Hor PC T a ‘ N = /r = “f W oD
HO' H swi: A5VB82 NHz pcm: C6DHS5 pcm: C6DB35
s axy: E3HLMT C”““. Gis2 ppu: Q88DP1 dfe: C6VUO1 conoce
Riboflavin biosynthesis, GTP => riboflavin/FMN/FAD (M00125,KO00740) Figk 9
EC:35425 ribA ribBA EC:3.54.26 §  ECi1.1.1.193 f“” EC:3.13.104 §
= © NYNH nbd NS ribD N H/go s HN&NHZ HO 9
mno: B&ISP1 AN e CEDBI yo-Lo- o, M YN0 pom:copgaz Lon  missing A LB sty yopon
ala. ADATBIM3Q6 HO- P o\Q‘NN rgi: AOATL7TAEM3 ¢ 7 rgr: AOATLTAEM3, L on LA A oo H
ppu: Q88GB1 asv: ROGPE7 Ho' o asv: ROGPE7 oH aversz ribB.ibBA | PCt ADAT27VGK4
cooss corsns coszen o 9-f-on C?* chh: ADA172XWE2
NH; 0 ppu: Q88QG4
¢ s cossss )
)& WY (EC:27.7.2 EC:27.1.26 Lo SO AN G 0@ ala: AOA1B2M3Q6
o ULy rioF ribF ] EC 2519 M T el pou: QB8GB1
2 9 o/ a DA1BZLVL8° v ala: AOA1B2LVLE MO OF NTINTCH, A
0-FP-0-F-0" Ty EmbmiEeen N rer C0ZZE4 <OH ppu: Q88QH7
H O OH O ) pem: GBDEOS ooy PCM: CODFOS ]@i S it oH
W on  ppu: Q88Q93 K5k oo aasass b o Lo & eI o fron
coots asv: ROGVN2  cooes asv: ROGVN2 oH b o &
eangph o433z 15666
Pyridoxal biosynthesis, erythrose-4P => pyridoxal-5P (M00124,KO00750) EC:1.1.1.262
o EC:1.2.1.72 on EC1.1.1.200 o o Ho EC:2.6.1.52 o on o pdxA 0 0 o
WOJ‘,‘?OH ep HO. 5 P on PAxB o o ; OH serC Hok:/'\/o;g—on pet: AOA127VJF9 Hok:/k/o;gfoh
o O oW pcm:CBDFHS O O  OH  pem: CEDAT6 o ala: AOA1B2M1D7 HoN TgT: AOATL7AAQE NH,
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Fig. S9 Droplet enzymes involved in the biosynthesis of vitamins and cofactors.
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