e

SO 7/ S W % | BER - FEENEEYETRER
Chinese Journal of Biotechnology

http://journals.im.ac.cn/cjbcn Jul. 25, 2024, 40(7): 2010-2021
DOI: 10.13345/j.cjb.230544 ©2024 Chin J Biotech, All rights reserved

Bk

%A TE D-PRIERN IR TNREMRIAR

KE, e BmAR

| FEREERFFE MR EBEMZINEL, BErt Pa4 710032
2 AR R I E B e B =, BEPE PE 710032

TR, WHETHE, ®OKTE. WA b D-FS bR R A B O REME Y E SR [J]. AR TRRAEH, 2024, 40(7): 2010-2021.
ZHANG Min, YANG Shuya, GAO Dakuan. Research progress in physiological function of the rare sugar D-allose[J]. Chinese
Journal of Biotechnology, 2024, 40(7): 2010-2021.

f§ ZE: D-FT&4E(D-allose) L —AF M A 45, EALAMA. X, . LERITHFEAALESR
Be, RAEFRGHFFR S, KX D-F[EAE LR . SR T i Wﬁ”&ﬁ%ﬁ‘?;@?iﬁ%ﬂm
BRSBTS ARG A F 5 BEATT 5iE, AR D-FTAAE Y R, A D-ITEBER
S AR IR BN R 6 7 F 69 B R RS

XHIF: A AE, D-FRAE; AR, FWRAER; B HF

Research progress in physiological function of the rare sugar
D-allose

ZHANG Min', YANG Shuya’, GAO Dakuan'’

1 Department of Neurosurgery, the First Affiliated Hospital of Air Force Medical University, Xi’an 710032,
Shaanxi, China

2 Department of Immunology, School of Basic Medical Sciences, Air Force Medical University, Xi’an 710032,
Shaanxi, China
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br % 45 B¥ PIp 2 (International Society of
Rare Sugars, ISRS)XJ #i A B & R, 76 HAR A
HRAEEE T R D 1) — R Bl S AT A W) W
BEA IR IE 5 RERE 2R, (HEA PRI R M
RS, AT DLRAME GERRTA A 2 L %
BEERFR AR IR S EHEAE N, e, IR
fit BESEQUSE A BT M. BT,
PREEREEARATC LRI T 50 ZFHAH,
H5 D-Fu & HA B (D-psicose) . D-E#%& B (D-tagatose) |
D-H & B (D-mannose) . 1 3 B (trehalose) . L-Fi]
PLAFAE (L-arabinose) 55 . D-Bu] ¥4 B AT 18 1of 22 Fh
AR B A S RS , HoA e

*1 JLMHARENEEDRE

R R PRG 14 D D-FE M AT R PR ) %
RN IIRE , A BOT & AR 28 350 1Y
SR D-Fay vl D AR T R PR
JEA I AR SRR A BEDFIE (R 1)

1 D-FIEBEMR. &8 K&K
WA
1.1 p-fABHERIME R

D-FIE BRI AR NFEEAR T, [BiEa b,
—Fh RIRC R, D-BVE B B A 22T p-4
ZJHEAN D-PVE ERAE A 2A g (8 1), WARET
— BB R AR ) BB A A R

Table 1 Physiological function of rare sugars

Rare sugar  Physiological functions References
D-allose Anti-inflammatory; anti-oxidation; anti-cancer; immunosuppression [3-5]
D-psicose Anti-inflammatory; anti-oxidation; anti-obesity; anti-diabetes [1]
D-tagatose Caries prevention; prebiotic function; anti-obesity; anti-diabetes [6]
D-mannose  Skin care; prevent and relieve urinary tract infections; anti-cancer; immunoregulation [7]

Bl1 ARHEMHNHFESEHEN
Figure 1
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Chemical structures of different compounds.
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D-B MR —Fh T JE R i A, 4310k
CeH206, 3TN 180.16, K5k 128 °C, 1k
KT E R, AR THE., i, 2
— MR AR . Tga ZEBISE T D-FIIE BT
KM 2RSS, S ai R BoR,
SRR, R BEDE E (lethal dose 50%,
LDso) M 20.5 g/kg; WA PEREPESL I, FPELRE
6 A G, REEMHE b Al 2= a5 JC ] i
Ak, B D-Bu TSR BB B
1.2 p-FLEFERNE R

T D-FVEHEE B SRS h S il b AU B AR
Frp RO A T AR, HIk, F5EESCE
D-FA A AR ™ . HRT, ARk D-FE s
LA RS RV EY AT . TR G
B, VAR EA AR | KRR TG Y
AN R EERIELE . LIRS 2N,
PRI, B AR A4 D-BTig b .

W) B A W) A R R T DBl B4 A i
Y, DA L-B 20 S5 A (L-rhamnose isomerase,
L-RDEH A L-RLBITHAEY) . D-AZHE-5-B5 1R 5
PTG . D-FFLAE-6- W5 R 7 A4 il S A4 Ak A i -]
BB BT D-F& Ha b A Bt 2 WA,
FEARXT F AL B Bt , IR, B D-Bili& BRIk
AP AR T R, ASRET R AR e i 7 2P
Zerd KR ER , 2006 4 Tzumoring SKME! /R T
TbEA AT LAE R IR A7 D-Bili& b . D-Fa i il
B2 DM C-3 Zm Sk, UL D-RpEh R
L, T AR B S A4 il . D- Bl 3 WA B -3- 22 A
S+ #9f(D-psicose-3-epimerase, DPE)Fl L-RI 4K X
EALIRTT D-B & HABEF D-FIysbE, bRy
BIH 27.34%FH1 34.64%. XFI T IEBEEREAR D-
B[ WE A A2 7 AR, B IR T B S B = A
D-F i B G 3 2 M e gt = AR &
HRWAFE, DL D-F&EwE Ry S k4T A Y5
FARAT D-BIVsHE, B SN IR AW 25%0 D-Bi
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TSI AL T D-FEHE . ATHAE ™ D-Falig b
1)1 K2 MRS M A ) Tzumoring 22 7] 544
b, A R e BB AT P A EE T — N D-
IR D-PIE BRI Tzumoring & 1%, TEH
RN , RKIBHF R AE-A L) Reg 4=
£719.01 mg/L 1) -yt 3T CRISPR/Cas9 HiA
UG IRE RE A DBl R = ok 1.69 g/,
W, SR R 7 B 8 D-Bil v A sk
i — S HES R A BRI S L 7
1.3 p-fIEHER AR S

TERIGFF B, D-FEHE S 5 D-Blisbiss &
EALE, Jasid ABC ¥ U R bEiad
TR PRI B iR ie R 48, B ABC 3114,
A BB T LB A LS Y DBl A B
ity . D-BT A -6- T iR S A4 TG AN D-F] 348 P B -6 -1
TR -3 - 25 [ S5 A Tt AR TP ik 32 A2 v e P e )
& D-Ba[ 3% 4 -6- B iR (D-allose-6-phosphate, A6P)
1 D-BAT 3 PV -6~ 198 1) 5T 1 S5 1o 4 D- Bl 3
A D-SpE-6-BE R

FER BRI, FEAR D-BT g 3= 2858 2 /)
J vh B SRRV R A L AR iZ ) 1 (sodium-
dependent glucose cotransporter 1, SGLT1)# Ik,
RIGHE R R H . FEF, SGLT1 M~SFimil
D- A HEIFEIZ . D-Bi B Al REE L SGLT1 54
RS AT, DT T AR K,
KRB D-Fal & BETE/ Nz h o, Rk
W) p-FRERER A K, AlRE S @A EH T
T AE YR R FEAEFIAER] . Shintani 2517537
TEF/NRWIE A A, BRI A
D- Pl v A el A 1 5 A ZE L S T i R AR DG 1Y
1o TE WA R o

2 D-FEMER ATk

2.1 IE|EfMHEEE
RINE AR, p-Fl g a] LI Eh
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P MR AR, b E sk by i
J™, TR, Hirooka 55U K A BRUIR s 22
130 mm Hg F1-4E4F 45 min A4 ZEAW X R BR 1 PRV
PRI, ST RS D-FE B RE B 1L
EUTTRIKA-, a0 A 2R g A 4 Ak
SUPAE PR P AR L PR T A A R A
FHl. FfiJ5, Nakamura 2507 ES HSZANRREE T,

A AGARXT K A T P K v sl Dk P ZE 55
JRkEPERG S, 1 h fFEUHZAeSCIU T, 2%
R L PR B S R BRIk 5 D-Bligbl, &
PR AEARAT T 75 0 M P/ 7 ) 80 38 2 ik
b, 8-BRAEAA ST KT BEFEL, &5 p-Ff
A DUARER . R — 5 BN,
D- B YA AT 3 A 41 45 2 R AN LR I Rk LA SR
ORGP VERT, Wb oeser:, Il
BRINBEHIERY . HE D-FIS b AL ERER T
FIBHRA, BFERR T D-FEHTEIZ )T T
AR ATREPE . D-Ba A o] LAVE R s IR FE s L
YA VRA AR RS, [F]B Muneuchi
5 PG 57 45 SR 8 R i B84 B o 4R AL )
(myeloperoxidase, MPO){& 14 0.72 mU/mg, D-Fif
TEBELLN 0.40 mU/mg, D-BAI3EHEE i il hhr
2 TR A il K B B R ot P S A

*2 p-FEESLME R E WAL

T HA e Em, D-Fngia B RN —M T
FEREFARMHAAH] . Kashiwagi FFE2H T -
B 8B 3 SRR R BRUE L v 2 25 1 1 5 AR 5 i)
WL D-FNE AT DL i e A A s T 2
BURS I IRE. Ozaki Mot R A D-Fi
TSRO D- A AT LA K R ROE AT l
17 i) R R SR (11 A = K A AR &8
B2 X D-Flvg A ALY RE I LI 2E T
THIRHR. kP, BA7 80K N AMFAE
AR ES T, D-Fg B A R I b sE (b fg
TR B 15 74 48 (reactive oxygen species, ROS),
Mooradian ZEPAGN S 37 A TEEAR B0 Bk 4 Bz 40,
H D-Fig B S, B ALY A b
TEH FH H,0, 77 Az i S Ak P (superoxide, SO)AJG
IR G, -l AR . R A B
it BRI RRBE 1 8 T DA TRl
D-Py YA T LAY/ N S5 I N 38 AR TR
ABFR T D-FEHEBL AL IE MRS, 4553k
W1, D-FgHEIF AN HHAH R ROS S T
AP S MR K BT B AR, T i 3
Sk ] -1 A A A9 ROS 77 A= F1 ATP 45
JR T AR AR I PN B ROS KSERSL, D-Bi 3l 5
oA BIHT A Y LL R LR 2.

Table 2 Comparison of D-allose with several common antioxidants

Mechanism Clinical application Adverse reaction References
D-allose Reduce cellular oxidative stress levels; None None [25,27]
reduce endoplasmic reticulum stress
Coenzyme  Reduce cellular oxidative stress levels; Heart failure; parkinsonism; Epigastric discomfort, [28]
Q10 improve mitochondrial function; antiapoptotic diabetes; idiopathic nausea, loss of appetite
(CoQ10) effect; involved in gene regulation; oligoasthenospermia; female  and diarrhea

anti-inflammatory effect; synergistic effect
Glutathione Reduce cellular oxidative stress levels;
(GSH) antiapoptotic effect;
involved in cytokine transcription and
signaling pathway regulation
Lipoic acid Reduce cellular oxidative stress levels;
(LA) chelating metal ions; regenerate other
endogenous antioxidants

Liver injury; kidney injury;
cardiovascular disease

Diabetes;

ischemia-reperfusion injury;

infertility

Eruption; pale face; [29]
blood pressure drop;

abnormal pulse

Lip numbness; [30]
anaphylactic shock

antitumor; atherosclerosis
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22 MRIEA
I ke R T A0 05 95 B 22 ot ST ) BOEHIL
il H TS A Y A0 A 5 08 SR SOy e e
HEAEM . T D-Bl VA BRI X AT B AR
Do JIE m 3% A %) 1 A0 A A R B S
YERL . JURAETRIBTA A AR o PRI AR
L THAHED , D-Fal v b AT BE I8 o 40 ] S AE S ok
B O ke T PR A0 5, T B T e e L B
S0 DR R B | DR M B R LR A T
AR 1 20 0 32 T R 4 o 22 R AP VR TP TR 22
ARUPEHPITE T D-BFIRoB BT R E ], 45
RARHT, D-Faf 3 WHRT UM G dofe PR T 40 0 A B
A ORAFE P o 1 200 32 10 30 i e - T 45040
X4 MPO, %A 1LEE-2 (cyclooxygenase,
COX-2)i# izt RN FN &AL N IS 5 & R 2L A 21
. 4 D-FEBEALIIE 2 )2 MPO AN A
1 293 A~ /mm” B FREZE 214 ~/mm’, COX-2 F
YA ECE B 727 A /mm® B3 FREZE 519 4/mm’;
FIH D-Farygobl pEA 7 A 38, T I 2 e/ i A A AR
., MPO iH P2 2 W0, X 3R B p-Fii%
Ak B R ok /> r L A X gl i 26 2 iR
[FIBF/0 T COX-2 FH M 200 A Ay i /DN S 4
PR AT AT 1 UCUE T T DB Y6 M 7 M
P LR RS TP O R A o D-BRT i Bl RT E
ARG LR A P TR Y T ER AT I S AU B DY,
HI THCARAE TP S R AH AL i AN B A, AT ok
it TR IR R PR ERBIR, D-
Iy 35 M5 Ak 3L 13 A% 410 113 o 5K o, 48 45+ A
SAARMLPE T L U5 I e | A AR
iE PR ¥~ S RAEAH I I3 T 10 3R 35 o IR RAE Y
TETEBLEI P Ko 8] PPARy HUMKHMENE . PPARy
S VR 1 A MR T i a5 o PR T A4 IX I
FR 98 AE S L 4 T A5 5 e R AR i — AR 23 o D-
PV AL FRRENS AT PPARy FIR, FMRdRsEe 1
(tumor necrosis factor-o, TNF-o) FI#Z K- kB (nuclear
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factor kappa-B, NF-«xB) N1, /il A PPARy #iil5|
GW9662 J&i, PPARy FKik T, TNF-o Fll NF-xB
Pk B, 7R D-B & AT REiE f PPARy O
PRI NF-xB RIS AN SN, DI St il P
o 18 L 5 i e AR . OB o

D-FA[ & WE AL FH6 fif 28 e A 0 5 A R BP R, D-
BT 8 B3 o R I A S e PSR R -3
(galectin-3, Gal-3)#I#il TLR4/PI3K/AKT f5*51%
SRR RAE AR 2T T, [ Gal-3 5
ZANRIENEG B BAHE, $R% Gal-3 AIYER D-
BT A T AR TR A I, I — A
FIHTINIE 25%9  ABFEIR YT R R oA e RO Y
B, MHS p-FREBEEC SR, HIE L
S A, D- B v W AT B8 I8 L A1 ] U AR SR vsl
RS S0 B RO, AR R BT, D-BTik
B IE 2 PP 2 PR B R 7 TNF-a, FIEREA 2R -6
(interleukin-6, TL-6)F1 IL-1p F{)Z21k s/ ke it
PRI A5 . Tu SEPTRGHEAE BOR

D-PEME AT REEIE L R A MKP-1 &k, #—3#
15 ERK1/2 {5 5 30 B SR i AR B e A
HIE AR AE . D-FaTyg M AR PRI RE WLIE] 2.

p-allose
physiological
function
&

? ”.’JQV

%
%
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%,

2 p-PiRFERIETRINGE

Figure 2 Physiological function of D-allose.



K8 % | AR D-FERENERIRFRER 2015

2.3 MR

D- AT 3% B 2 9% 1iF BH RE 8 L 5] £ A0 114 7 =X
Xof 22 e 240 B ke ) A R RIVE L an A B
98 4l ff & (human ovarian carcinoma cells,
OVCAR-3) . A JF ¥ 4 if & (hepatocellular
carcinoma cells, HuH-7) . AR MEIAPERTS IR
2l ifd & (hormone refractory prostate cancer cells,
HRPC) . A I & %% 4 Jfd & (tongue carcinoma,
HSC-3) . [ Ifil %5 44 Jfl 5 (T-cell lymphoblastic
leukemia, MOLT-4F) . A FL % J% 41 il (caucasian
breast adenocarcinoma, MDA-MB-231), A%
21 J1t9 985 21 Jifd (neuroblastoma, SH-SYSY). JE/h
2 i il 926 41 it (non-small cell lung cancer cells,
NSCLC). &5 Wil ani(Lewis lung carcinoma
cell, LLC) . & beJi 21 it (bladder cancer, BC)&51%3
E— G R B, D-B I BEAS A AR S D BRI ]
s . FE g . AR/ A R AR, B
REAE Sh 1A P Il P 8« D/ N g A R 01

D- [ v W X 9 4 A 3 5 B 2 B 4 A
L, AEEIPLE AR . AR ER", b-
P& BELE RS MRE S5 AR T~ S G2/M il o
17 53— F 2 T 2 Y, D-BTs A R -
T HRPC By PEAniser=r2 G1 s, 4niais
T2 A BE A H TR T 08 N TE A T3 428 1 3]
o AFEHITE T D-FIEHEXT HuH-7, BC PffE
3 D-FEEEXT AR 2B B FERYE A HLHI

MG T VR VB TE Sy FHLRT, 25 SRR D-
B84 P R A 75 S A L BRI p27kipl 2E
B 4R 8 & A B /E & 1 (thioredoxin
interacting protein, TXNIP)_ 3, #E1M i ROS %
FEHURIEN, SR FE R, D-FEHHT
T Gl W, NESYEIAT, Ishiyama 25
WIFE R, D-Fis i1k A6P 72 MOLT-4F
YRR RAEPOEEVER . S T AF b A p-Ri
BERTETE, GHUT A6P 1iEY) 1. 5 D-BlgHEAH
e, A6P fiAEW) 1 175 S AN AE T I AN 2 200 i i 4
P [FIEE, A6P fiTAEY) 1 /b T TXNIP £
ik, $&7n AGP AITA M) 1 ATRES TXNIP 77 A= T AR A
U EMEIVER , A Rrife— bR R . Bofibhoiss
RFEW], D-BTvE B L5 B WG s i 20 A
A KA 7E ™, Noguchi PHF5R K, D-
B & B RE A LR S0 %) 7 XA il A g Wi e s 4R
1 1 (glucose transporter 1, GLUT1)1A, [A]HJRH#AK
T REREZR T AR AN D-BATyE R T g
1 N GLUT1 XA BB M2 HuH-7 |
MDA-MB-231. SH-SY5Y iX 3 FiWgdiiAE K (3 3).
2.4 GEHNE

Arnold FEPITEIRP LR T & B, D-BTE B LA
IR B AR Py 2 3 A o 3 A vh PR A B Y
7 IR/ MO H A LR B, R
D-PBuf B Al VR e I RIE L | A B R A

Table 3 The mechanism of D-allose in different types of cancer

Cancer type Cell/Animal model Mechanism References
Ovarian cancer OVCAR-3 G2/M cell cycle arrest, apoptosis [15]
Liver cancer HuH-7, F344 rat G1 cell cycle arrest, no apoptosis, TXNIP, p27kipl, GLUT1 [38]
Prostatic cancer HRPC G1 cell cycle arrest, apoptosis [41]
Head and neck cancer ~ HSC-3, BALB/c nu/nu mice TXNIP, ROS, apoptosis, G2/M cell cycle arrest [44]
Leukemia MOLT-4F TXNIP [42]
Breast cancer MDA-MB-231 TXNIP, GLUT1 [38]
Neuroblastoma SH-SY5Y TXNIP, GLUT1 [38]
Lung cancer NSCLC, LLC, BALB/c-nu TXNIP; G2/M cell cycle arrest, LC3-II [43]
mice, C57BL/6J mice
Bladder cancer BC TXNIP, ROS [39]
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PP REAEA . AR LI D-Fi A e
HVER™Y, KRR R SRR R 6 4 H
J&, DAY D-BIigBEAL K BRAETE 2R 61.54%;

FK506 (— Ff 5 280 G g5 30 40 550 ) 2H A7 1% 22k
46.15%; D-PiEMES FKS506 BEGIGI T4 N
69.23%. 5 HIMZA 25 EL , 24 D-FTiE HE 5 FKS506
WRAVARTT I, R S i o7 JF AR A A5 R o
U, AN, D-Bi&BEIA REAS 25 FEIN FK506
BIT R R B R . SRR T D-B M e T
R K R A A Sz BRI T AR ELAAR B A A 1
EABGE o RR A E— 25T R B, DBl
PETAL B T MPO 36, 980 T i i bk
BAMM AR, RS T4 800 ATP iR, &
L R TIPS, $oR D-BlvsRE 3
LS 3 00 9 T 1 PR 4 X B i P A T
SE R R E . Tanaka 26974

R4 p-FEHESLIME IR R EL A

T D-BEHR X R S AR 4t (dendritic cells, DCs)
INARTE I RS X T A0 BRI ,  SEaR4s
REW], D-BFEBAL LS , DCs N VR . % e
fiX, [RIETiES T gMEdHT . B A 5% D-fi]
TEBE S RN AT TIRAIRR , B8 1 HT B
RGN A 52, 455 oK, D-Bilig
XT3 241 LA R S AR 2 i (plasmacytoid dendritic
cell, pDC)J™* A= ) 24t Hi X - 2 A 3k % PE 41 31 4
P, JF BAHEN D-B &0 AT BEE 1 855 22 2505
Ak 25 1 i (mitosolysis activates protein kinase,
MAPK)Z 5 I BERR AL 4 6 pDC 241 A A 17
A Chen SR AUM (4335 - IS 12 R 4B
COVID-19 &3 Mis A4 r L1k, % 3-S5 %)
HAHM, BF MR D-F s o n,
N - By 84 P v P R 5 | RS A P B D e T B
D-Fi] b5 A 218 TR G e i 50 ) EU AR L3 4

Table 4 Comparison of D-allose with several common immunosuppressants

Mechanism Clinical application Adverse reaction References
D-allose Inhibit the activation of None None [46]

neutrophils; induce T cell

apoptosis; selective inhibition of

cytokines produced by pDC
Cyclophosphamide G1/S cell cycle arrest; induced Nephrotic syndrome;  Gastrointestinal adverse [50]
(CTX) apoptosis; regulate Th1, Th2 antitumor reactions; liver function injury;

cytokines leukopenia; reproductive toxicity;

hemorrhagic cystitis; alopecia

Cyclosporine A Inhibition of T lymphocyte Organ transplantation; Gastrointestinal adverse [51]
(CsA) activation and proliferation; G0/G1 leukaemia; nephrotic  reactions; liver and kidney

cell cycle arrest; inhibit the syndrome damage; leukopenia;

transcriptional activation of genes neurotoxicity; hyperkalemia;

encoding inflammatory factors hairy, gingival hyperplasia with

such as IL-2 and IL-4 bleeding and pain
Tacrolimus Inhibition of T lymphocyte Organ transplantation; Gastrointestinal adverse [51-52]
(FK506) activation; inhibition of cytokine dermatosis; nephrotic  reactions; liver and kidney

transcription; affect production and syndrome

expression of IL-2, IL-3 and other

cytokines

damage; leukocytosis;
neurotoxicity; hyperkalemia
and hypomagnesia;

hypertension
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3 D-FiAE R b A

3.1 ER@EFHINA

AR R R 28 A S A U T
hbEr L BB . FERE M R EIRR, R
o 0 T R R B AL, (H R A S A
i, el RSS2 Es . BEN, A
T H AR R AR | T B SR v ke 2 i
TR R, 2 E A T e
NEHR AR A R P B RERE , [ FH Y ok
e A3 B ] R xR T A AR, AR
i AW ) B LA UG i B % e SR R 11 0
Al AR AR OISR o D-FAl & PR
ik, FoEtks, BRTAMZhYSCmRN, K.
KA p-Br b ey B g d R e RS W
B, D-FAlys B R & B 80% MBI, A0 LIk
HE SRR RN, AT B B & SR
I, R A A A B AR i 0 5 Y DB 4 A
WA B RS . IR D-FRlys B AT AR &
LA/ IN R A F M 1 TR Y L, s AR
/NI A IE RN R, D-BRr IR AR £ AR
HAAEH T Z W R AT -
3.2 EleKETHBINA

T D-Balysbl B BTz AR BRI RE
PRI, AT PR 25 9 ) R0 I IR R T vh e #54E
Mo p-Pligsic gk B A PUAl . iR b
T AT . S BE A A AR R, BRT,
ZA2E TR R AR B 1 O TE ARG T e
PEDS DB A AR EIE R, HOF ik
SHUME 2 . BWEIERGR L e miiln s 2
LIS AIRIT I, FEXG 9 25 P VR FH ) L Al
b AR T iRy ok B RIVE A o S-9UR M
WE R PR 25, SH S p-Fg B G
AT, UM EF M TXNIP & [ 255 I & 1
500 ¥R G (—Fh B W R R0) 5 D-BAf A [R]

&: 010-64807509

AEB/N U /N BUSR AR /NET . IR, D-
BT Bt ] LA SIR R O T AR, Dl TR ok
AR R A BRIV o D~ 3l mT L2 98 i Sk 9030 g 240
BRI RCR s REREHY 5 2 PU AR A ST AR,
[7] IR} FRAER 22 PY A 38367 1 BB B R © ol )
WEFEUEN] , D-Bal I8l | 22 P 38 IO 7 ISR T
T DA A PR ke S50 e A R v (e o R S kA
PR, R, D-FlsA2s 24 m] LU 0 7
(AN R A S 3R DRI, D-Fo v T A
FeSerE2GYy 4Ll RE A A T PR AYIAYT 25 1
Itk , D-BTg B Sy —Fh 25 0 R L I BT o
HATBE RIS

4 RES5RE

D-Fu[ AT S —Fh R AR, 7 A AR A
Wb, i a AN A Ak W T8 M D-Pi
W AL E UL A L —1E 2% B2 .
1SRRG Z W5 YRR DTSSR 15 B T
S B, WG A R IE , FEEA L
3R E : (1) LL D-Bry Ep b K A
77 D-BYE MR A A S M DA KRR A
AT (2) LA D-SRBE A IEY A 7 D-Faf A g ]
DA A S A B0 65 D- B A% B -3- 22 4 55 4 il
(D-tagatose-3-epimerase, DTE), DPE #1 L-RI.,
Hr, DTE W& IS 2 p-354# 4%, DPE (s
JEEYI A D-P IS A, L-RI AR R
Xof DBl A A A AT VAR, SN AT
TolARAE T o (3) SlEE S AL, A Kk
A I D-Bl YA Y 7 B ARG, JF HH b b e
3 AN]SR A SO AT BB EE RS B D- Pl R
R, X PET p-FEEOAS B 5, R T
SRR INRETT &, 8 V)T L Z AR p-F)
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