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Advancesin the formation mechanisms of L-hexoses
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Abstract: Saccharides and their derivatives play prominent roles in many primary and secondary
metabolic processes. The diversity of their structures and the significance of sugars in diagnosis and
treatment of diseases have promoted the fast development of glycobiology. D-sugars, especially D-hexoses
have dominated the carbohydrates region, L-hexoses yet are also frequently observed in some important
glycoprotein complexes, polysaccharides and antibiotics. Understanding the formation mechanisms of
L-hexoses allow rational manipulation of sugar skeletons and further exploration of their applications.
L-hexose is usually generated through epimerization of D-hexose by 3,5-epimerase or 5-epimerase. This
transformation expands the diversity of sugar configurations and influences the bioactivities of many
natural products. The functional and crystallographic studies of 3,5-epimerases and 5-epimerases have
provided profound insights into the formation mechanisms of L-hexoses. In this paper, we summarize the
catalytic mechanisms of different 3,5-epimerases and 5-epimerases for L-hexose formation. The
physiological importance and biomedical prospects of L-hexoses are also discussed.
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Figurel L-hexosesinvolved in metabolism

:: GDP-L-*3LH(1); GDP-L-i&H(2); TDP-L-[ZHk(3); GDP-L-##ihk(4); TDP-6-i-L-1#5i%H(5); GDP-L-H] 3/ 4 (6);

CDP-L-Wil$#(7); UDP-2-Z BtllE-2,6- — il SA-L-2L FL (8); UDP-2-Z BN W e -2,6- — i 4 -L -2 LW (9); UDP-2-Z.BbMk-2,6-—fii
A-L-FZENE(10); UDP-2-Z. Bk i-2,6- 48 -L-35 18 HlE(11); UDP-2-ZBtf%-2,6- 4 -L- A4 (12); L-y ik BEE AR (13); L-SCAL
WiRERR (14); UDP-2,3- 2.k fik-L - FLBERE TR (15); UDP-4-Fii-6-i S-L-SCHBRE (16) 5 L-#NBE(17); TDP-L-Hi &R (18); L-
FECR(19); TDP-L-E % (20); UDP-N-FSE-L-3 4k (21); TDP-L-5# L7 ik (22); TDP-L-aH(23); L-20% 00k
(24); TDP-L-HHib%(25); TDP-L-BIZIH(26); TDP-L-i#h 3 &45(27); TDP-L-J7 il 25/ (28).

Note: GDP-L-galactose (1); GDP-L-gulose (2); TDP-L-rhamnose (3); GDP-L-fucose (4); TDP-6-deoxy-L-talose (5); GDP-L-calitose (6);
CDP-L-ascarylose (7); UDP-2-acetamido-2,6-dideoxy-L-galactose (8); UDP-2-acetimidoylamino-2,6-dideoxy-L-galactose (9);
UDP-2-acetamido-2,6-dideoxy-L -rhamnose (10); UDP-2-acetamido-2,6-dideoxy-L-talose (11); UDP-2-acetamido-2,6- dideoxy-L-glucose (12);
L-guluronate (13); L-iduronic acid (14); UDP-2,3-diacetamido-2,3-dideoxy-L-galacturonic acid (15); UDP-4-keto-6-deoxy-L-IdoNAc
(16); L-nogalose (17); TDP-L-nogalamine (18); TDP-L-oleandrose (19); TDP-L-megosamine (20); UDP-N-methyl-L-glucosamine (21);
TDP-L-epivancosamine (22); TDP-L-mycarose (23); L-cladinose (24); TDP-L-olivose (25); TDP-L-rhodinose (26); TDP-L-digitoxose
(27); TDP-L-vancosamine (28).
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Figure 2  Deprotonation/reprotonation mechanism of
epimerization®

T MP A A B T BT IE LG A A R SR L.
Note: M isadivalent metal ion or a positive charged residue.
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Figure3 GME catalyzed reaction and its mechanism!®

TE: A: GMEELE B ; B: GME BIfELHLE. GDP-L-3 1 (1); GDP-L-ity ik (2); GDP-D-H#:#%(29); GDP-4-fiil-D-H %
B (30); GDP-4-fifil-L-7t % H(31); GDP-4-fiil-L-2EF H(32).

Note: A: Catalytic reaction of GME; B: Catalytic mechanism of GME. GDP-L-galactose (1); GDP-L-gulose (2); GDP-D-mannose (29);
GDP-4-keto-D-mannose (30); GDP-4-keto-L -gulose (31); GDP-4-keto-L-gal actose (32).
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Figure4 Thebiosynthetic pathway of TDP-L-rhamnose and the catalytic mechanism of RmIC!®

H: A: L-BZBREYSRER; B: RmIC BHALHLE. TDP-L-2K(3); TDP-6-i%-L- 4 1%K4(5); TDP-4-Hi-6-i % -D-%
B (33); TDP-4-Mi-L-Fl M (34); UDP-4-ifi-6-flit A-D- 7 44} (35); UDP-L-F 4 (36); TDP-4-fii-6-Jfii & -L- LMk (37).

Note: A: The biosynthetic pathway of L-rhamnose; B: Catalytic mechanism of RmIC. TDP-L-rhamnose (3); TDP-6-deoxy-L-talose (5);
TDP-4-keto-6-deoxy-D-glucose (33); TDP-4-keto-L-rhamnose (34); UDP-4-keto-6-deoxy-D-glucose (35); UDP-L-rhamnose (36);
TDP-4-keto-6-deoxy-L -idose (37).
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Figure6 Thebiosynthetic pathway of UDP-2,3-diacetamido-2,3-dideoxy-L -galactur onic acid“”

TE: PRI ZEIR-2,3- . Lt HE-2,3- 4R -D- H B MR (41); IR —WIR-4-B-2,3- — LIt -2,3- I 4A-D- H BR B iR (42); IR
H TR -4 -2,3- — ZBEIE-2,3- AR -D-2F FUBERE R (43) ;. R T WER-2,3- — L WER-2,3- T B A -L -2 UM R (15).

Note: UDP-2,3-diacetamido-2,3-dideoxy-D-mannuronic acid (41); UDP-4-keto-2,3-diacetamido-2,3-dideoxy-D-mannuronic acid (42);
UDP-4-keto-2,3-diacetamido-2,3-dideoxy-D-galacturonic acid (43); UDP-2,3-diacetamido-2,3-dideoxy-L-galacturonic acid (15).
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Figure7 Thebiosynthetic pathways of TDP-streptose, L-nogalose, TDP-L -nogalamine and L -oleandrose
T L-3EIEEAT7); TDP-L-ifsimaE e (18); L-FFHUipE(19); TDP-4-fii-6- i 48 -D-#i 45 (33); TDP-4-fli-L- =54 (34); TDP-f%7
Wi (44); TDP-4-fifl-2,6-—Jii 4. -D-#5j 4 4l (45) ; TDP-4-iil-L -t % (46) ; TDP-4-fil-2,6- i 4. -3- 5 Jk-D-j % i (47); TDP-4-fifi-2,6-

TR -3 k- L - R 2 (48).

Note: L-nogalose (17); TDP-L-nogalamine (18); TDP-L-oleandrose (19); TDP-4-keto-6-deoxy-D-glucose (33); TDP-4-keto-L-rhamnose (34);
TDP-streptose (44); TDP-4-keto-2,6-dideoxy-D-glucose (45); TDP-4-keto-L-olivose (46); TDP-4-keto-2,6-dideoxy-3-amino-D-glucose

(47); TDP-4-keto-2,6-dideoxy-3-amino-L-rhamnose (48).
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(6)o IRAMEAL N Je 8 J12# B, 49 gk ColC
A A BT 6. ¥ 71 R4S 2R A2 400 S 0t 11 52 2 1] 7
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LT AT 1, ColC X NADH 1 C4 i HA ST
R, XAEIES NADH a0 Pro-S
SRR iﬂz—ﬁlﬁﬁ R4 & T ColC 1M

H0 N NADH (1 si i, ColC iXAMFHIE 55 5E 2
i ki & il (Short-chain  alcohol dehydrogenasm,

ADH9)F M5 iE—F%) ., ColC AL iyiF A
FERRASEARFR, 2T GMER BA RIFM)
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K 68
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— 1B —
0 0 0
N\ 0_1(1) L\ ()_Il o OH
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Figure8 Catalytic mechanism of ColCl*
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55 C6-OH JE B A M4, MM Mk iy TG P 2
PR SR JE I T R 2%, 5 Je S ik &%
WIFERROE . %2 s AT PseB AUBETTH & IR
PseB SJE#25M4Y) UDP-6-deoxy-6-fluoro-GIcNAC
M S RCRAE T AR, B ST ABIR T S5 45
S T HEATE TR, UL RDN R C5 5
C6 Nz [EIE . K FI7ESS A WK Ve
IS ST, il C5 LR TL(E 9, By,
{5 D M HARTBE M J& A AT, PseB iK1 15 E &
LRV 15 2878 J AN 23 R i 25 1) SR AR I %, 1
SR AL AN & A2 7E PseB (TGP O, B T B
FEAE LA ) 8 M S R 7 S 5 22 ) A Ak it
T2, M PseB (454 b JCTR A H 06 vk L iR
Mo VAR R 258 48 S 56 IE S PseB 1E 33 52V 11
PRI SRS I A—AMR, LA PseB Aoy, H:
PLE 5 1Em 4,6 O7BKEEERML, (HRE—HER
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AT, AT CHAIE AR FA Y . H R T
ISR K A 8 v ) 1 S R AR I B A S FR A T
T BaAThJE AR,

¥ : GDP-4-ii-3,6- i %8 -D- H # 4% (49); GDP-4-fii-3,6- —JIit 4A-L- 7] 37} (50); GDP-L-H] 37 14(6).
Note: GDP-4-keto-3,6-dideoxy-D-mannose (49); GDP-4-keto-3,6-dideoxy-L -colitose (50); GDP-L-colitose (6).
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F: UDP-D-#j45 M (51); UDP-4-fil-6-Jli 4-L- 3L MK (52) s DR (53).
Note: UDP-D-glucosamine (51); UDP-4-keto-6-deoxy-L-1doNAc (52); Pseudaminic acid (53).
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