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Abstract: I. The development of trehalose production from starch. Two novel enzymes, malto-oligosyltrehalose
synthase (MTSase, EC 5.4.99.15) and malto-oligosyltrehalose trehalohydrolase (MTHase, EC 3.2.1.141) were
isolated from bacterial strains belonging to the genus Arthrobacter. It was found that trehalose was produced
from starch by the joint reaction of both enzymes. We improved the enzyme-producing strain and established
a method for the enzyme production. In order to increase the reaction yield of trehalose, several enzymes
such as isoamylase and cyclomaltodextrin glucanotransferase were added into the MTSase/MTHase reaction.
We succeeded in the conversion of starch into trehalose in a high reaction yield of more than 85% by the
multi-enzyme reaction. In 1995, Hayashibara Co. started a mass production of trehalose crystal powder, and
now the production amounts to twenty thousand tons a year. II. The application of trehalose. Trehalose has
many good properties to improve the qualities of foods. The hydration activity of trehalose is applied to keep
foods from damage by moisture or freezing. This saccharide has inhibitory actions on starch retrogradation,
protein denaturation, fat oxidation and the deterioration of other nutrients such as vitamins or superoxide
dismutase-like components. The interaction with minerals is applied to prevent Ca insolubilization by phos-
phate or Mg elution from vegetables and meat. This saccharide also masks unpleasant taste and odors in
foods. The acid production from trehalose by oral microbials is low compared to that from sucrose. Experi-
ments using an ovariectomized murine model of osteoporosis suggested that ingestion of trehalose might be ef-
fective in the prevention of osteoporosis. In addition to these applications for foods, trehalose is a useful ingre-
dient for cosmetics and pharmaceuticals.

Key words: trehalose, malto-oligosyltrehalose synthase, malto-oligosyltrehalose trehalohydrolase, mass produc-
tion, application
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1995 4F, FHH S 13, 180 S Bk L 72 % Arthrobacter
sp. Q36 HRAHIMA P L0 — RERBEREATLHI L
B L2 FOAEBSUSICIE 2 MO BIEE A S
LTBYY, —D0HRE, a-14-7 IV H ¥ ORITKN 7
Va—ZEH L, PFHNEBIETa-14 8% a,a-1,1
AL TV M) TEASV I F Y TV L
N1 — R % K B 9§ % malto-oligosyltrehalose  synthase
(MTSase, EC 5.4.99.15) T& )Y, &) —2DMHKIL, <
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malto-oligosyltrehalose trehalohydrolase (MTHase, EC 3.2.1.
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141) THBH I LWL L7, MTSase & MTHase &
PHREIIERT 2 EI2E T, T 7y 5N
FLANTO—APERTHI EbhY, MEErHWF
YT HD b Lo — ZADKREAEFEFRTIBE S Y,
1995 45, BB IZ X 5T Lovg — 2D EMEI B S
w7z, B, HARERWNTIIERMK 25000 > OFEFH
D, i, bR, EESR 26000 BT T AT AT
FIFH &M Tw 5. KIE FDA |2 GRAS (Generally Recognized
As Safe) OHFENZH XN, FMN (EU) Tl Novel Foods
& LTRSS B 4 SR E TR 2 52T, EIRRH Z2H
B LTHRPILDR>TWA,

AT, FY 72560 b Lot — 2D KEEER
DERFEBLT ML NO - Z2OERE HRIZOWTHANT
5.

1. BREER
WFge 4 4), #FH 5%, MTSase & MTHase = A FET 5
ML LT, Arthrobacter sp. Q36 X Sulfolobus
ATCC 33909 72 & 6 Witk & 72 L Tz, T3
LIS § 2 B R A 2 IR 5 7200, BrEeHEfb e &
DORERZAT o728 T A, Sulfolobus J& DEEZ L E WEEN
A LTV (Table )™, BB TOMEEERNED
OTHRNZ e, T 7T Lo —2ES
BB 9% ENLODDRED D 572 — T, Ar
throbacter sp. Q36 1%, KEARPER: T ¥ X7 &% 5 bl AL
ELTHE DMK - IR LU THRAEETSE, I, B
FDEEM D MWD Brevibacterium helvolum ATCC 11822 X
sp. M-1l DR L WA LEHFTH-72. 22
T, Arthrobacter sp. Q36 MEMEF AR & L GEIRL,
Ml —ZAAEDTHELZ R L7z, Q36 #kik MTSase
& MTHase & Z (ZIZFREICAFEL, Lardb, FOBEET
R ERIERES S LR, MEREET Lo — A%
BRE 8§ 5 R CTHERE L7z, NTIGER G ETHE -
YR L-EEERD ZLEALH R TR AEE L.
DNA ffffr L7z & 25, BIEFEBHE L THREL A~ >~
BB L TWE I b)), WEEE —EDhET
HRE (5 VNI EER) TAC L OREATRIE S N7z,
Q36 MRIZMIFEFR & b HRMIERE LEET 57°, HER
WNCHEHE T 5720, BHICK o THEEPICHRM S

acidocal-

darius

Rhizobium

FEWHINEZOLE L FARRICUET 5 2 L 05TE, KiE
WxZ2DFFSFIRCTHWL, UFRCTREMT LI &I
Lo TRFERZRHPT LI ENTEL. L2LEDS, Q36
BEEr M7y 7T, #45C ORELEE T b
L —2ERKInEERTEd 00", 50°C L LTI
SRICBHREOREIRT 5 0 ETENEESREE LTET
ZLARGAES DDTH -7

Arthrobacter ramosus S 34 #£1% MTSase/MTHase 4 FEH
PEREL TR ONIZHRT?, D Q36 R LN, S34
BRI 10°C BV EVEEMEZ A L (Table 1), 7 7
LIRERSSC TR LN —RAERTELHHETHS. L
b, pHSFHE T MMM EET, 7 7 v HLOBIC
HMAEDLETHWEA VT I5—ERE (k) (2@ T2
HESHF LTV, RFEONY, SHMKOBEEERIT
EDLOTE,P -7, NIGERL UIZ L2 BERPR &SR
OB Sk o THBROEER Y THICEO L 2
ESTEL BE, REOBEA VT, Ty 7 oh
5RlNna—2AE8ELTNS,

2. bLNO—R&ERE

T IO—A% Ea-14-7 )V 71 2 MTSase & MTHase &
EHSE A L, MEESRFEWIIER L THIERT L
NO—AFERT S (Fig. 1). OISz TERBEIZBWV
T, $FEHTRBFENICER S 2720, i OBEULHE
EMA BTN R hhotz, BIZIE, BHTLTFY T
DR EBET L2 2h, i TLEMIZATTES MY
TOITRIEFTHHEKDT Y TV Loaa — ZERIC
BlifCThHo7Y. T2, Frr7reBUL - b L2 om
IRGTREIZ D W TUE, RWINAKGERED D E N kL
O—ZAHEWETH > 72", Wik 7 > 7 > 12 MTSase &
MTHase Z{EH &R 727217 TlE, BEEHKT ¥ 7 v D5
gL (a-1,6 $E4) MMETILFEF 2720, 7V 7 v x%a
IR S5 2 EDTET, bLE— ZERRIIAT5
THholz. Z2T, 77 O5HHEEE KT HS 5 A
V7 I9—XFELEFTNVTF—EERIDIZMZ TR LA
O— ZAER AR L7z, M DERELRL-EZ 5,
AT IT—E¥ERMR LD FTH 5-7% > b Lo —
AR TH > 72", MTSase [TV b =A< b M)
F—2FEALER L W20, OSHBIIZI s

Table 1. Enzymatic properties of MTSase and MTHase from Arthrobacter sp. Q 36,*” S. acidocaldarius
ATCC 33909'" and A. ramosus S 34.”
MTSase MTHase
Q34" ATCC 33909** S 34*** Q34" ATCC 33909** S34***
Molecular mass (Da) 81000 74000 75000 62000 59000 62000
Isoelectric point 4.1 5.9 4.5 4.1 6.1 4.7
Optimum pH 7.0 5.0-5.5 6.0 6.5 5.5-6.0 6.0
Optimum temperature (°C) 40 75 50 45 75 50-55
pH stability 6.0-9.5 4.5-9.5 5.0-10.0 5.0-10.0 5.5-9.5 4.5-10.0
Thermal stability ("C) ~40 ~85 ~55 ~45 ~85 ~50

*Arthrobacter sp. Q 34, **S. acidocaldarius ATCC 33909, ***A. ramosus S 34.
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SrFA ) THED T Z LEM L 72, cyclomaltodextrin - glu-
(CGTase) x Uiz, ZDOAREILIE
TS T4 THEZ &S5 L, B MTSase & MTHase
DHEELTHATESL I ICTERTLILICE-T, K
ISR E B %@ b 2 LT EZ. BRI DT 2 125%
LTNVAYNVINLNO—=RAE 7 NVaT IT7—ETHLAN
O—R & 7NV a— ARG L, KpERZ S 51250
72, Z®D X912, MTSase & MTHase 7213 T 7 { i 4 DF#
FrMAGbELrZLICLY) (Fig2), Tv7ry»b L
NO— 2% BN 85% LLECi55 2 LTIy L7z, 4
LRI ORI EAE P LAT =2 VT — AT
HBH70, PO —2OFERILIEAES T, LrbEYN
BEVEEMED X ¢, Lo — 2SR ENRICERT S
ZEWTE. ZOXHIHMBAOEELRTT Y Ty B b
L0 — A% ER &S, TNEHEE - Rl T, Mg
98% LLED 2 & AkEER ML T — 2B K E BN L, %
ma [hLA™] & LCHBICERLTw 5,

canotransferase

Amylose (DP = n)
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3 a 3 3 3 a,o-1,1 :
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Fig. 1. Scheme of trehalose production by MTSase and MTHase.
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Fig. 2. Production of trehalose dihydrate crystals (TREHA™)
from starch.

3. hLnO—ZOHEEE - 454

FLona— 23R T A A T — FEIBIC L A5 ED
BEAERL, BRRBICEER EOYEITINZ (Table 2),
HEiF O A ORG % ZENT D LR E L RWER
TS 5 2 R L O - R A LT AL FRIZ, K
RS B ORISR 135 <, B oK EEE K
TSEREHEEED, RF - HEb 2 L3¢5 2 L0l
BRI o TR AMKREILT A Z & Y,
KFIZESTHE LW DS, Zd, PLag—2
ST DRI KT LB L 72T, K7 T A% —
(b Y~A MEE) ICHAELRSTVWHEZ DD L E

AHNTWA, oo — AR, @, 2 8KGSE
LTROSN DD, KD 10% Al D a7 5 13 A

AT A, F72, 2 HUKK A LY IR C 2R R
T4 2L CTHARBRICERT LD TEDL. GAMEME
FE A LGRS TRET, BAREHIIES TR L TLEE
LA E D L. OISO, BUICARE
LT EREOCRKY : ERMET 5 2 & 7 (R - BRI
FTHZEIBHTE DY, KIZTFTRL, RARItRs »
INTBIZOHEREL, T T DAY VNI EOEER
WS BVERAD S 557, 2D X 5 HBAKVED B LA
b, PRHE, SRR O 2N % B ST 5 2 L
BRWZE . RO ZRKREEZT XTI LT —
AV E LWIRBEER S5 2 Lavb o 7.

1) KA 5

T EEUCAEMIFRPLERICEL L, TrTUD
EALIZ L > THEAL, 2SO0 E, EEREARI Y, WER
BT B, TUT OB 2RAL, ML TEMLL
Tote, GITICARAEL, T v 7y 0BfLEH#H~NIZEZS, b
Lo — AR WIIHHWER 2 H T 5 2 &b o 722,
WA WY EER TS UEAERIESHRAER,
HEBMENEO LN TWAE, T2, £KRIZ2%EBED T

Table 2. Properties of trehalose.'”

Melting point Dihydrate ~ 97.0°C
Anhydride 210.0°C
Heat of fusion Dihydrate ~ 57.8 kJ/mol
53.4 kJ/mol
Specific rotation [a]’+199° (c=5)
Solubility 68.9 g/100 g H,O at 20°C
140.1 g/100 g H,O at 50°C
602.9 g/100 g H,0O at 90°C
Hygroscopicity Dihydrate ~ Nonhygroscopic under RH 90%
Anhydride Hygroscopic over RH 30%
Relative sweetness 45% of sucrose
Digestibility Digested and absorbed by the
small intestine
pH stability of >99% (pH 3.5-10, at 100°C
solution for 24 h)
Heat stability of >99% (at 120°C for 90 min)
solution
Storage stability 100% (at 37°C for 12 months)
Maillard reaction Not colored (at 100°C for 90
with glycine min)
Maillard reaction Not colored (at 120°C for 90
with peptone min)
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LT = 2% MR TR 5 &, IKBRFER O 2
SND. WEEEDOKE, FIVRREOBIZE)ZIZFH
SNTW5,

T UNT I FIEMESIERH 2 H LEFAMES 5EbNIT
WAYET, RiE, RF P F v FAR Y TV EEERT
MTL727Ty 7V EER G EIHESE TN TS 2 2%k
AN, FOREBIIINVIT— A ERBITCHENT AT F
ERIETAZEICE o TRIAEEZLNTWS, FLAN
O—ZfFE T TN I — R - T AT X VIRAW % s
HWLALE, 72UNL0T I FEEP IR ESNE Z L2
Moz (Fig. 3)¥. %72, ZVa— ZAOMASHEYTH 5
5L FEAF Y AF V277 F—VOEELIH
5%,

2)  F NI AEH

—HERICHER Ly N R BT AEEAL T
L. RFIC R LT — 203, ZOERAPENAEE T, Sk
RV X DD HRH#ET A EA . JIEICHEE =
5% WINL, —20°C C5 HREWHE LFEEEOEN,:EHFH7
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Fig. 3. Effect of non-reducing saccharides on acrylamide forma-
tion from asparagine and glucose.”

Mixtures containing 0.1 mmol of asparagine, 0.1 mmol of glu-
cose, 0.1 mmol of non-reducing saccharide and 1 mL of phosphate
buffer (50 mM, pH 6.0) were heated at 150°C for 20 min. The
amounts of acrylamide were analyzed by gas-chromatography. *Un-
published data.

Table 3. Effects of saccharides on SOD-like activity of carrot

powder.
Saccharide Remaining activity (%)
Non addition 11
Sorbitol 5
Mannitol 11
Glucose 30
Maltose 32
Sucrose 28
Trehalose 65

Ten percent by weight of each saccharide was mixed with
minced carrot, and dried in vacuo at 40°C for 64 h. The dried mat-
ter was powdered and then preserved at 40°C for 7 days. The SOD-
like activity of each preparation was measured by NBT method.

T, BTG EOWHAEMIHENTH 572, THEHR
DOBEEA—I—FF L FTZAL%—+F (SOD) RHED
SOD KE{E RS (RETM, W7 Fril) 2RENLT
BYEH L > Twb (Table 3)%.

3) PR LRI A PIHIE

BRE, SFICARSMPRIER IEIL L3 <, AR LI
NBEEADOREE FERET LT Fey) 240, BE
EOCEMOBIRSICHER T2 b 26 THKEE 25T
w5,

ASEIFRIGEE % WSRO AE LS L 7214, ANEf
JIg 15 & @ 43 % (Table 4) EHEZEMET V7 & F DA K
(Table 5) ZFHR7-& 2 A, MHEDIZ ML NT— AN
bERWENHIER 278 L 72, ANERERREEE R 2 D TV
BH#HWTNMR @ L7z 25, AR cis-F
L4 vkEE N LNT—AD3IB L6 MAKEELE
DIICKFREE ORI S, HIFITER A =X 4 &
LT, BBOASIMREA S M Lod — 2 &S EBER I
HEH LT (Fig. 4), BftRltoe Foxvt* 2 MMz
FHET L2 EICL 200 aney. ZOREZEKIC
9 HIGIWERIZ, BREXEFT 524 DEMITL CIBH

Table 4. Effect of saccharides on the degradation of unsaturated
fatty acids by boiling.*”

Degradation weight (mg)

Saccharide

a-Linoleic Linolenic Oleic

acid acid acid

Non addition 47.7 59.0 39.7

(Control)

Trehalose 334 22.3 14.7
Sucrose 50.8 57.0 36.6
Maltose 46.0 52.9 39.7
Neotrehalose 47.8 61.3 34.6
Maltitol 37.1 31.6 21.7
Sorbitol 40.5 57.0 31.0

Mixtures containing 100 mg of unsaturated fatty acid, 0.5 g of
cellulose powder, 1 mL of 5% saccharide solution and 0.25 mL of
0.6 M phosphate buffer (pH 6.0) were boiled for 1 h.

Table 5. Effect of saccharides on the formation of volatile alde-
hydes from a-linoleic acid by boiling.

Volatile aldehydes

Saccharide (mg/mL-HSG)
Propanal Butanal Hexanal
Non addition 10.0 0.23 0.11
(Control)

Trehalose 1.27 0.07 0.02
Sucrose 9.51 0.23 0.09
Maltose 9.40 0.19 0.10
Neotrehalose 8.60 0.19 0.08
Maltitol 2.44 0.08 0.02
Sorbitol 8.00 0.19 0.09

Mixtures containing 100 mg of a@-linoleic acid, 0.5 g of cellulose
powder, 1 mL of 5% saccharide solution and 0.25 mL of 0.6 M
phosphate buffer (pH 6.0) were boiled for 1 h. The each volatile al-
dehyde content in headspace gas (HSG) was measured by gas-
chromatography.
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THEIENTE, TOuHflE LTHKE, R, <3
= A5 % SN A MHIER S 5. FEICMEIZD
WL, HRUET VT RET TR ZFVANG T E
RIMVAFVT I VOEROIHT LI ENbro TV
Y. Fio, WA VEIREMEH L 2 WEHT ) HA0F]
MBS TWEY,

2- A F = EOHEMET VT R, b, BRICE
EEDORBIREOBILICL > TRETLHRERGTTH 5.
BEERNRICRT T4 THRELZEZ A, b —
ARE/ICATL—F5 I 12 E o THREAIMRE T 2G5
%1372 (Table 6)°. IREBEBLH O Fu~tF o F
REFDTIHANIIZEY X EOMEH, DNA DB LR &%
FlERI UAERBESICHE L ZWWETH L. FMiET
VT IVRTTAIFy1TADNA W Tin  vitro i ER L
7ok ZA, FREBEBLYIC X By o3 BiEH % DNA 18

Trehalose Trehalose

~ e

Linoleic acid

Fig. 4. A possible model of the interaction between trehalose and
linoleic acid.”

The molecule modeling was carried out by WinMOPAC version
3.0.

Table 6. Effect of trehalose on the formation of volatile aldehydes
from aged person.”

Volatile aldehydes (££g)

Age of persons

(years old) Trehalose treatment

Before After
Total SA* 5.68 £ 3.05 4.83 £ 1.55
<55 Total UA” 1.28 = 096 0.71 = 0.82
9 persons 2-Hexenal 0.06 = 0.17 0.08 = 0.23
2-Octenal 0.89 £ 1.00 0.36 = 0.56
2-Nonenal 033 £ 045 0.28 =046
Total SA® 1093 = 3.89 8.12 £ 3.10
>55 Total UA” 17.17 £ 10.14 540 £ 4.66**
8 persons 2-Hexenal 544 + 439 071 = 1.65*
2-Octenal 511+ 371 259 +1.92%
2-Nonenal 6.61 + 375 211+ 1.87*

After bathing, 17 male persons (more than 48 years old) sprayed
the upper part of their own body with 2% trehalose and wore cot-
ton undershirts for 20 h. The volatile aldehydes from the shirts
were assayed by gas-chromatography. “Saturated aldehydes (penta-
nal, hexanal, heptanal, octanal and nonanal), Unsaturated alde-
hydes (2-hexenal, 2-octenal and 2-nonenal). Values are means+SD.
*p<<0.05, **p<0.01, as compared with the value before trehalose-
treatment.

BEIHIT L2 b o, bLaa—213) VE
B Yy IV EDORELICORIEN D ), FBEHE
EH AR HBICHERZEEEZ A LTV,

4) IATMIIHT BEH

HNT T LRI T AT T LREI ATV, R
W, #0528, REEND L, ARTOEREIIL RV
bOO, EMERICUHEZFERTH Y, KEOEATTD
BIEAEPHIE SN T AP TR LEH SN TV L REHRD
—DTHh5b.

M LoNE—R & BRI OB VT A OIRE T
52MEHEO ML — ZA3Eb VT SRR R TR
YL ENTERLY, —D1%, PLarho—2 LA
UL LK=1010 1 OMBEOERE BEAEKI) T, b
—2l, MLm= HEAIV YT A=12 O (8
HRT) THo7z. NMRIETHNIZLZ A, HEMKIT
LN — 2 24L& 4 MKEREAES RIS L,
BERI TR AMKBEOADHEEG LT LiEE ST
c. INOEARESE, W\ VD 2, Rtk
RN D A 7 NEEE T A AR TR b B S T 7z,
HNT T NAF R VI EHAFAET B EAEME O
LTI LRT V. Paro—x LAV T Y LA DR
B YERE R INZ 7tk BRI T BBV Y
Y ARERLILEIAY, LT — AEEIKE L TE
PEH N ZEDHEINT 52 D bro72 (Fig. 5). b L
NO=AF AN T LEGEEEDLC DT EIZE o TRE
PEY ERAINV T MIEORREHEL, BNV T LR
REMEED EEZ LN

< xRy AYEb PO — R EMEEHET LI LA
NMR RN H oo Tnb, B 77 A&/ D
T U2hh) 2 o —2THEILT 2 &, HBIICK
BEORNTF M RAHETE S, b LoE — 2B
TR EA AR 2 &, Mfroo~x sty
LEEAHIH LA (Table 7, 8) 7 7 A b LW, &K
YLVVEEQRAS, 7007 4 Vb0 AT T LD
JBi & P S AL, B OEFRFFC DR TH 72, £

30

25

20

15

Ca (ppm)

10
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Trehalose

Non Maltose  Sucrose

Fig. 5. Effect of saccharides on calcium dissolution in phosphate
buffer.””

Mixtures containing 92 mg of calcium chloride, 0 to 5 g of sac-
charide and 50 mL of K-NaPO, (50 mM, pH 6.8) were incubated
at 37°C for 30 h. The soluble calcium contents were analyzed by
absorption spectrophotometry.



68 J. Appl. Glycosci., Vol. 51, No. 1 (2004)

O, $RHA TV HFEETTOEY IV C (TAINE Y
%) o5 - A r il 21EHb 5% (Fig. 6).
MO —2F3a—% Y AW%E) i (k) FEREF
WX BAEMET NI VOB 7 5§, BRAK D ER 5
TY, WIS LWHERE LCRHTES, Bl
JEETNYY RN LNE — ZAEROFEG L%, B
LDVERDFRD S72Y . ZOEHIEA b4 %24 L

Table 7. Effect of saccharides on elution of Ca and Mg from

pork meat.”

Elution weight (mg)
Saccharide

Ca Mg
Non addition 1.07 1.16

(Control)

Trehalose 1.17 0.47
Sucrose 1.05 1.19
Maltose 1.44 1.20
Neotrehalose 1.03 1.20
Maltitol 1.46 1.55

Pork meat (30 g) was added into each saccharide solution (400
mL, 10%) and boiled for 5 min. The amounts of Ca and Mg
eluted from the pork meat were measured by atomic absorption
spectrophotometry. *Unpublished data.

Table 8. Effect of saccharides on the mineral elution from spin-

ach.”
Elution weight (mg)
Saccharide
Ca Mg Na K

Non addition 4.43 6.99 1.96 91.0

(Control)
Trehalose 3.85 3.27 1.88 88.3
Sucrose 4.61 6.96 1.92 96.5

Spinach (20 g) was added into each saccharide solution (400
mL, 10%) and boiled for 5 min. The amounts of mineral eluted
from the spinach were measured by atomic absorption spectro-
photometry. *Unpublished data.
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Fig. 6. Effect of trehalose on decomposition of L-ascorbic acid by
metals.””

Mixtures containing 14.8 mM L-ascorbic acid, 10 or 100 mM sac-
charide and 10 mM metal chloride were incubated at 50°C for 40 h
96 h for FeCL). M, non addition; [_], 10 mM trehalose;
[, 100 mm trehalose; M, 10 mM maltose; [ ], 100 mm
maltose.

WA OLE HIH T2 2 L ICL 5 bDEEFEZHNT
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Fig. 7. The effect of trehalose on carrot chips.

A, non addition; B, trehalose added. Thinly-sliced carrot was
steamed for 5 min and dried at 60°C for 18 h.
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