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RIVT 4 V) AT A RIS R D E RN TH D120, BT 4 ) U ARKITZ L DEHICE > CH

EAARHRE CH D, W7 4 ) o ARKROFHE BT 5-7TI L7 ) ViR (ALA) OAKRTH LS, BRA
WL FE 572K Bie “HHHD ALA AR NTFE L, ZhTh Cs R L Shemin #&# &M D, Cs R
ITIEEAEOHIEE T —FTIRESINTOWAZ EPLEFEOHWVRKE TH D EEXDBND, —J5 T, Shemin
R I LB B 7 & O AL OEA T2 AR EIN TV DO BEMICHAE L TZRETH D EEZD
DD, FOEFLCHAGEIRII KM TH -7, Shemin KTV TIL, ALA S RiEESE (ALAS) K27 ) v
LA =)L CoA HHiGT 5T L TALABEGKIND, 22T, JUEWET 7L <A v VIX ALAS FER S
WCES TAEBRIND Z ERTATMRICE VAL 2D | AlmA LM% SNZETOFERITEY L RXA7 V=
Jb CoA MR LTCT I L~A ViR E AR TS5 Z AR ENT, AlmA 1F Cs B WV DI S %
REnizn, ZORFEITERAYE P LISHMT 5 ALAS L0 bW EHEI ST,
ZH LA S, ALAS (Shemin #28%) Ot AlmA BROHUEMBAREEE ThH 5 L TRENT-, ANF5E
TiX. AlmA & ALAS OiE(LEYBEME 2 #4795 Z & T Shemin FRIEOFLIFAEIH 2372, MZ T, BV 0L
I M VEREEEESE (SPT) A% ALAS E7- K 5 ICHUAEWE G RBER 2 (LR & T2 RN H 5 2 L 2 Rl
L7z7csd, SPT OfFNT#AT 5 Z & THUEME A R DN HTHIEE R ORI & 72 5 AIREMEZ TR > 72,

AlmA & ALAS OFERERYZ2 71X, 2RO ORERIMOEICH KT 5 L PRI, WEOKRERBERETS
RF %S5 Z LN TENIE, AlmA & ALAS N ED X 9 REBFI X » THIBHIE X 7B B4y LT
DOH, FOMAGRIEE TRFT D2 LN TE DL EEZ XTI, £ 2T, AlmA IS AR H A2 A L TEORRE
ALAS BEIC 2 DS e ZE B & kA 7o, 13 U DI B A AlmA DOEERIFEMZHE L2 & 24, AlmA 13k Y
VERBL LT T LA VUPRIREREENE E RS, B eR 6 b ) R R E L ALA ARG
EETDLZEBHLNE o7, EHIT AlmA OIE R » MNEADIZST=20T I BEEEHRE T L, 7
TL=A T FREOARIEENEE IR T T2 500 ALA ARIEMEITHEF SN-, 20 “FEE#H AlmA %
ALA BRVERIGEE BE~EAT D EZOAEBFMHEM SN2 LD, THEER AlmA (ZEFROSME Tk
T ALAS BEDBEREA /R Z L MR S N7, Ko T AlmA 75 ALAS ~DOZAUITEZITH Z 0155 2 & )R
7=,

HERFIE IR, BET D EROBRI 2 EICFN 6 OM LRSI ZHE LETT 50 T 2R FIETH 5,
ZOFIKRIZEY AlmA & ALAS OB Y X BEEIL L TEOBKREZ T T 5 Z & T, AlmA & ALAS
ORI %2 B L=, HERTIETIC LY. % AlmA, %% ALAS, HS@flERED 3 >ORSIZE T L
Too XD OEERTEMEZBIE LI-fER, 00 AlmA L HGEeEERIIEIC R ) V2 EE L L TT I L~ A v
PR ZE, A ALAS 37 o 2 B L LT ALA 28T 5 2 ERNAL N E e o7z, SLEMIEEESEDS AImA
FEDOWEMZ A LT =2 &b, ALAS OEEIT AlmA BEDOFUAEME B RlESE Th 2 AREMEN T E Sz,

SPT [THMRANE A AR T~ D A 7 4 v TRRBEDOEAHKBER DO E D TH Y | BEEAWZ P OLITRAFESN TN D,
LT AN, ZHOMBERENEEERMD SPT RER 7 EFHFL TWD I ENBIETT — X X—X L THERIN
77e EHITSPT ODAEBRMOIERIETH D AT 4 AL THEIEEEZEH>Z & 026 #EHO SPT AE v 713
AUV AT & U TCHERET D ATREME S B 2 blz, Lo T, SPTIX ALAS & [ UL HUAEWE A SR & i
IZFF o E PRSIz, FTIEME SPT AT v 7 OREEZH LN T D728, WL D OMEEN RS SPT &RE
0 s KIGEICEANL CEDAR LB AZBIZ Lz, TOME, SPT AT ZEAKO AT TR EH
TRHEEINT=, £7-. Pseudomonas asuensis KD SPT /RE 1 7 & Z D FiRELEF 2 KIGBE~NEALTZE Z A,
HIEE OB KON IS TERLIR S R O IR R DS HERR S 72, SPT A<E v Z IR E O A B CHlln eI B 2
ERIELIEZ ED, MEN SO SPT AT r ZIIHAWE ARkl & L CTHRET 2 rIREME RN X FFE T,
%5  FSCE R X, RIS 2000 7 & 530 300 35% 1 #3257, & L<IFHEIL 800 354 1R LT E a0,
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Porphyrin biosynthesis is a crucial metabolic pathway in many organisms. The initial step in this process
is the synthesis of 5-aminolevulinic acid (ALA), which can occur via two distinct pathways: the Cs pathway
and the Shemin pathway. The Shemin pathway is believed to have emerged later, but its origin and evolutionary
process remain unclear. Previous studies have indicated that the antibiotic alaremycin is synthesized by an
ALAS homolog, named AlmA, which appears to predate ALAS. This led to the hypothesis that ALAS originated
from an AlmA-like antibiotic syntheszing enzyme.

To uncover the origin of ALAS, we analyzed the evolutionary relationship between AlmA and ALAS
through functional transformation and ancestral sequence reconstruction. Firstly, we performed a functional
transformation from AlmA to ALAS to understand the mutations necessary for AlmA’s evolution into ALAS.
As aresult, the AImA-S82T/G86S variant, which has a modified substrate pocket, was able to restore the growth
of an ALA auxotrophic E. coli strain. This suggests that the evolutionary barrier from AlmA to ALAS is not
high and could be achieved with a few mutations. Secondly, we conducted an ancestral sequence reconstruction
of AlmA and ALAS. The common ancestral protein of AImA and ALAS (CA) was reconstructed, and its kinetic
parameters were determined. It appears that CA has a similar substrate specificity to AlmA, leading us to
conclude that ALAS likely originated from an AlmA-like enzyme.

Inspired by the evolution from an AlmA-like enzyme to ALAS, we hypothesized that other antibiotic-
synthesizing enzymes have the potential to evolve into novel enzymes. We found that the enzyme SPT (serine
palmitoyltransferase), part of the sphingolipid biosynthesis pathway, has a similar background to ALAS, leading
to speculation that SPT originated from an antibiotic-synthesizing enzyme. We investigated bacterial SPT
homologs with unknown function and found that its expression disrupts the growth and cell morphology of .
coli. This suggests that bacterial SPT homologs with unknown function may act as an antibiotic-synthesizing
enzyme, supporting our evolutionary hypothesis.

In summary, our analysis of the evolutionary relationship between AlmA and ALAS suggests that the
Shemin pathway originated from an AlmA-like antibiotic-synthesizing enzyme. Furthermore, our analysis on
bacterial SPT homologs with unknown function suggest that antibiotic-synthesizing enzymes have the potential
to evolve into novel enzymes.
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