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Role of Sulfate Reducing Bacteria for Acetogenicity and Decompo-

sition of Protein and Amino Acids, in An Anaerobic Fluidized Bed
Reactor
B ZFT KE Wt Ak Ok B

Saburo Matsui*, Yuichi Otaki**, Hiroshi Kimura***, Ryoko Yamamoto*

ABSTRACT

Experiments on finding the role of sulfate reducing bacteria in an anaero-
bic fluidized bed reactor were conducted with the substrates of a refined
soybean protein and amino acids. Soybean protein consists of 60 7 of the
soluble part and 40 % of the suspended particle part. The soluble part of
the proteinwas rapidly decomposed into organic acids in the reactor with
the hydraulic retention time of 25 min.. The organic acids were converted

© into acetic acid with reduction of sulfate,which meant the role of sulfate
reducing bacteria was to convert certain low molecular organic acids into
acetic acid. If the sulfate concentration in the influent is kept at the
optimum ratio to the concentration of the protein,acetic acid occupies 44
to 76 % of total organic acids in the effluent. A mixed substrate of 14
amino acids was also used for the influent of the reactor and showed high
decomposition of the amino acids ranging from 23 to 95 % decomposition for
each amino acid. The reduction of sulfate and production of acetic acid
were also observed. When single amino acid of 10 kinds was used for the
substrate,decomposition and sulfate reduction were poor for most of the
experiments. The stickland reactions of combinations of glycine-alanine,
glycine-valine,glycine-leucine and arginine-leucine were investigated in
the reactor. Compared to the experiments of single amino acid substrates
of 10 kinds,the decomposition of all amio acids were more poor in the
reactor.

Keywords: sulfate reducing bacteria,anaerobic fluidized bed reactor,
soybean protein,amino acids,acetogenicity.
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FOEBE TEHRARETRE LRI EBROBAEROFEIC>S T, 2ERERER L LTS
BAGEABLTI/VRBREZERLTEREZTY, BRERCA L IHBEETHOERH LDV TRFAET -
oo COMFBOBMIT, BEEABUEKEDV LY TRKOBSHBLERFEZERT 2 ECARH D, EXkd
CECOMRDBCOBMDOTIRTONTRELD, BEDLIARDADOHERL L., BEHSIF, TORKD
—2&ELT, KIEMICEU 28 BERSUEMEMORRIE L, SORBEEARAECH L CHET S
BREEEOHELRRLTOBOVAILSE EELT VS, MECHNBERIESRICL 2 4EMIEEHIE TR MR
AEETHEN, BRELCO>VWTE, 4T TREAERTINALZEBLE L, BADTKDEE, —#iC BOD,
100~150mg/1icxd L 805" 40~60mg/ 1 DENE < RS2, HANE TRIMEES T =M KERESBO SN
T COTEBAE VRBOBED—2L->TE, BEHESI, BAEKE 2 2 YERHARSHOELERLIL, B
ERMICB O THRBREETER T IV TLUE DI CEXENE LTHEERB U, & AVRBIESETRIGAZRET 3
FT, EHESORBERICEOVTERERSSETRERELTHBECEARAL, 20008 1 |4 B 19E &L THME
HRaTRE L, TRKPOFEHOTTRGBCEEL, rOABRRESHEIEAETH 5. AH LT 5 BN
B, DFEIRELHREFEOROEAED, EESOBREBRRIKRTENLOIREZTY 20, T HHEBESTE
FEBRAER IR LB E LTHITT 200 THE0E 0 I ROOMBEEERIMICEPLE S & Lic,
EROERIOATEADEBRBICEITNASMEER T I / ABSEZY, TS RRECTHRBERENERATH
EAEBBONO~0BLEERICEHR L THEZ LAY O, COBA, WREETHOEHIEREOEREZRIC
FELUTESL TR EMBfEES N, om
2 EBRBIUNEHE g Bffluent - — 100
FEREBOWES Fig — | CRBRH% TABLE — WURT, .
WK H 7 ARE S 100cn, WESan7 7 ) VBIERTS panuent B
5o WA 20D BICRAT Sh T2, EHEE
RELTIE, BRYREEHM (b y: BREE, BE
232 g/ef) ZRNT, HRIZTISHEE N0 4mé, N 0.85 -
OBk > THA 72, (ERE 0.2m, HSFEHLS, T | 1
% 0.65mm) o WMEBKE@BT 5KE &R L REIREAREL
DK EBRERD I, LY -KRTRSF 77
o G WBEIREBER U . REIRNEEE B & K
B R g (3 IBIZE LI EAT LT, B EA~DOBKESMT Fig. 1 Experimental apparatous of an anaerobic fluidized bed.
B, &R A TALRBCEY BPLBFKER T T > TABLE 1 Experimental conditions
7oo IOWWZDOHRRFL IV TR BEESR%, EAHEDBD)
DAL FATEIR L, 80j°, At VB AR Fob

Sampling

o
=

llll1jl,'ﬁ

!
i

Storage Tank Recycling Fluidized Bed
Pump

Item Values
VB, BBOTED WMERSEBR[NEESE (BRI
o N =73 [2Bedl A A
1P) ZRBA. 73/ BOERE, BEBK7 7 7" Hydralic retention time 25.0—235.0 min.

74 (BELC—34) (U4 U2#AH 5 uI18C—07/82504,
Flow Rate 80.0—100.0 ml/min.
# 5 LES60~80kg /e, A 5 LBESSC. 2 T VEEF MY Y

L EHOBBA, 5L EM g 450mm, BXJEE 348 Initial Height 40.0—45.0 cm
om) BHEA Ltce ASEEORER Lowry i (v omggy  Dranded Height T em

WS VB AR LT EREONTE, TARBREDHE Bed expansion rate 1.40—1.50

FHE AT BT R IR CAE 70 TOC IR 07 5t Microorganism Density VSS 3,400—38,000 mg/1
(BETOC—10 A)THIE L, €OMORREH 2 FkE Temperature 16—22C

TRCHE » 7o pH 7075
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3 KESHMEAOEMEATERK
FEICHFA L KE TABLE 2 Volumetric ratio, molecular weight and compornents of each supernatant taken from
ultracentrifugations of soybean protein. -
SBEA (W7 L e

¥ 2 M 120, BB 0 2E KK

Sedimentation T volumetric L
. . ) . . C o Moleculart weight compornents

B DBE OIS coefficient ratio (%)

. . . = 00" Trypsin inhibitor, .
&, 8, Ko 28 22 15,000—30,000 cytchrome C
. Hemagglutinin,
EHHEI3 TABLE-21C 7S 37 100,000—200,000  Lipoxidase,

B . 7S globulin
WWREINb, KGHE 11S 31 —350,000 11S globulin
EHOEBLITpHL S 158 11 —600,000

ThbH, EREHREL
THEBELX—ERBE DT, ER10g i LT, Bk (40~50C) 1 ¢%42ANN/10NaOH %2 HLTpHT. 8
~BODICHABLILE, v/ AF v 28— —TOAHBEHLUARERSE Lic, SOCKBREMATRE
HESTLERELULBENIBLN, 045mDA Y T U YT 4 VA —SET, EEEA I EEEEAOR
D6 AET o, WE7 v M5 7 AN TRESEEEROIKSRT I/ B4 mEL, LFEMARK
kDD E (CyuHuOxNy)a n = 16~600 & 75 - 72,
4 REDBERLPACCERBER EMBERTER
4-1 ERBANKBKOREREDORE

FEMRBREZF LIV FROALTAK (RE43 07048, (NH,) S0, 0.1g, KH, PO, 0028 %
KK 1 IR THREASDTSOT0EY, BHEAKRESBHEAKCRALES, MBEETRIENEE L
foEEIRBBICIS AR A R fo, KEBEWBHHEKE (HRT) 55 0% THE, HRTO5 L Lo KRB
T5EMBERTRIGDEET B ENELD LN,
4. -2 RESBEAOOLSHE, BRBLER, HMRERATFOMEK

WMBERE IR SO, s HTmg/1 E7T6m 1 ICHELL, KESHEAREREL, 50~ 700mg,1 (COD,
TH~T780mg, 1) ARA L, Fig -2 KBRSHEHRRAEAEBICH L THES W ALEBERBOBKER
Utz, KENMBEHSHESHCRE L OERTE, AAXGEAAR L REELREBOMCERNS
Fr i, PoRmPBEEsR M SNk, Fig- 3 REBAERFEB G T ARERBREREOEEL T
L, RAHBEEBES 6108, EAEKREERE 1001 5822, RAABREICH L THRER
BEOHAMERLIVENTIT , ABCKARBRBES 61 0546, EOEREBEES 120m,1 % &
A% EERBRLOHENTITC. BEABRERE (X) LBREFRREREE (V) OEREGRLB/NEFRETK

sk »5EY=—1401+0529X —(1) & » 7, Pig —4
i, BEHEREBEECH T AARERETRRER
o ) 5 —
Z (FrB M) LERFREEOCBEMBEZRL TS,
z o b HOBREEE (X)) LEKBERETBRREE (Y
[Z
3 °
gz 100p Ve g " | @ Input SO conc. 45mE/l (v, — _ 14 014 0520%
a (ﬁ o 8 100F QO Input SO~ conc. 76mg/l L’
g a @ Input SOi~ conc. 45mg/l . 76k . i
E E’ O Input SO%~ conc. 76mg/l 2 3 ’b/—_
2 E 2 &
> i
e =
0 200 400 600 800 =20 . .
PUT PROTEIN CONC 0 25 100 200X
N ‘ REMOVED PROTEIN CONC.
(mg/l, BSA equivalent) (mg/l, BSA equivalent)
Fig. 2 Relationship between input.protein conc. and Fig. 3 Relationship between removed protein conc.
removed protein conc. and removed SO~ conc.
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OEBEEBZEELTKRD S L,
19.28 + 0.836 X —(Q) & 78 - 1o A HREE
MBE (1) &XE0BFR%E, BEEEA
M2 MAIICDHKD B & Y3=—3193
+0.859 X —(3) & -7 MATEIEE
Ehdiomg/1 oS3, EREREEE
M0 N AMADE, ERBON, &
BARD &2 HADETF LT T LR
Dird. HAKBREEED 761054,
EREBREEENI120 1 28KE 5 &,

RRICHEBREROINESET LTS C
Ehbhnrd, CDENS, b LERAR
BiEEAE L 2L, BOBRFTBENLE

Yy=—

PRODUCED VOLATILE ORGANIC

&

ACIDS CONC.
(mg/1, Acetic acid equivalent)

Y,
150

—
=
<

=
<

0
0

»O "

" & Volatile organic acids (SO~ 45mg/l) , | r=0959
A S02-7 2 Y, =—-19.28+0.836X
’ (SO 76me/l) £=0975

@ Acetic acid (SO~ 45mg/l)
(SO%-76mg/1)

Y,=—31.93+0.859X

37.19 100 .
REMOVED PROTEIN CONC.
(mg/1 BSA equivalent)

200 X

Fig. 4 Relationship between removed protein conc.

and produced volatile organic acids conc.
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Fig -5 BWEAERERE (X) CHT 24EREBRKKREE (Y,) 0BRERLTED, WEOEBREE
2Y,=~-363+0150X~@&~to $-Fig—613, BAEEE (X)) KT aEWRT VY ) EBE
(Ys) OBBFAERLEBDTH B, COBEOEBIRIL=—2876+0857X~B)¢:MH-te EHIKFig—Tid,
BEHERERE (X) LEKT Y 2=THEREE (%) OBKRAERD LSOO T, ERIT Y= —917+0.227

X =@ -7,

chooBREALTERIC, ARYRICBY 2EBAER

FicE b 5%&[@@5@{%% TABLE ~3iF & TH T,

RKEEHPOKFE, ERED, @R, o ICHBBAER
EHREBRERETORGOR, EFBARE MEBRERTOBE
TovhY
EEREBERREEROBFVN, AU REEEOBH
FOARBEE o T/, BHEREICE S5 RER

93, MBI RAERE HRERTOBROR,

MR, FRNZWG

O

<z: ’T\; Y @ Input SO3~ conc. 45mg/l

g £ 20 O Input SO conc. 76mg;l

o J

= ) r=0971

5 S Cereoix

5 210 Y, = —363+0150X

j=Ee}

(=]

S &

[

A O L "
24.21 100 200 X
REMOVED PROTEIN CONC.

{mg/l, BSA equivalent)
Fig. 5 Relationship between removed protein conc.

and produced inorganic carbon conc.

KHs sk s C _. 200}
5&1) -k F oo = @ lnput SO% conc. 45mg/t
ﬂ 15 D ﬁ@ ¢' e ‘5 § O Input SOi~ conc. 76mg;/l E ¥
51 o 40
(2), (3): (4)11"0> X 63 \.S; E @ Input SO% conc. 45mg/l
(7) t % BT ﬁ-é E = ©O Input S0 conc. 76mg/l
ps) » Z < 30p
Rk Fig —8 2 00f §
ke YA = 20F
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=09
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A %R Q = __
FicBHTiE, B 3 Vo= —28764+0857X g Yo= —9.1740.227X
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E
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}Hﬂ B@j%’é ﬁ_ { % & L 0 3357 100 200 X 40.41 100 200X
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\ Fig. 6 Relationship between removed protein conc. " Fig. 7 Relationship between removed protein conc.
AR, ErBRE R and produced alkalinity. and produced ammonia nitrogen conc.
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TABLE 3 Reactions related to soybean protein removal in the anaerobic fluidized bed

ERABREELHBREETE
Reduced SO~ to removed protein
Y o= —14.01+0259X (1)
EOARER S BRBAR
Produced votalile organic acids to removed protein
v, =—1928+083%6X (2
ENHERES LA
Produced acetic acid to removed protein
¥, =-31:93+0859X (3
ERHEBRER & BBERELERK
Produced inorganic carbons to removed protein
Y, =—363+0.150 X )
EOBEBREB LT v YEEAR
Produced alkalinity to removed protein
Y, =—2876+0.857X (5)
EHHERER & NL -NAK
Produced NH;—N to removed protein
Yy =—9.17+0.227X (6)
KEGEHED DR FZE (Cy HyOypNy)

Carbons of soybean protein

Y, = 1053 Y; + 2594 9
W& SEFRAER S MBERTOBEGR
From(1) and (3), relationship between produced acetic
acid and reduced SO%~

Y, =100 Y, + 14,53 9
WE@Wn o mBRELEN & HEESTOBER
From(1) and (4), relationship between produced.
inorganic carbons and reduced SO%~

Y, =0.189 Y, +4.483 @)
WEO» ST A VEAREERREEROBE

From (4) and (5), relationship between produced

alkalinity and produced inorganic carbons

¥y = 5717, ~8.02 v
WORZREEOBFRICHRE B

O Rearrange equ. (12 to carbon eguivalent
Y5, = 0.685 Y, — 0.962 a3

EOEBREICE BULHREBMK

Carbon balance in protein removal

BRI HE 4> sc, Cell growth Sc

= (73 —24/60 - Y. — Y,

P, =045 X (N =1134 —0029X 14
AEEATOREXRE EABBRECE BN S>BRNX
Nitrogens of soybean protein Nitrogen balance in protein removal
Py = 0144 X (8 WA S> Sy Cell growth Sy
VE@» SHBBRAER ERBIERTOBK =@ -,
From(1) and (2), relationship between produced volatile = 917 — 0.083 X a5
acids and reduced SOf~
‘ 100
WAL TS C &b ot B, HENTRER ., removed et
BRENEERNBRERTCEBTEN D o, Fig— ~ o
— o carbons
VIAEAMEARE L M UBARTEN (0RP) 2R £ -
B /
Lib®ThHb, ORP RRMBATLKGHHES &~ 150 3 . e g sid
R D, RIEO#ITEESIC— 400 WV ICHIELT O @ carbons of produce
NWH, TOMRBIE, BEEFRERTECKBLEESOR
BRESTHEACTEONLERBERE LCREIBLTL 5% . \ .
0 100 200 X

bk ERET 2L, PHEAEOMKIBELUT 3
J W2 (decarboxylation & demamination % 4 3p K
B oFGE T, MBEBETEGICEGRE L, ER LA
FBRODTTETHERLE LTHATE2b05T 40D
ICHFRRICERB L TV 3 Sl XN,

4 -3 BMREBEOCERHER

MAKRESHECBEES 30001 & 500m/1 ITHFEL,
RAMBREBEOERESHICHT 2REMBEEE & EREH
B, MBoOBERE Fig - 10iCRT,, Fig-10D T RKE
WTHARBEBEO LR ICHIBE LT, SRERERH L
ALTHWE, FORCE O THARBERESEAELEY
KHLTHBEIKE 2L, REMBHEEBEED FREIELT S,
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200 O Input soybean protein conc. 500mg/l g E’ 5
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¥ N
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25 wof. _p g .
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@ s s 5 S
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S o] Z
< g /“—- ©
= @
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= 2o 2
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Fig. 10 Relation of removed SOi~ conc. and produced Fig. 11 Retation of produced volatile organic acid and
volatile organic acids to imput SO~ conc. removed SO conc. to hydrauric ratention time.
LWL TORKAROWAAERAEHRBREBEIHFRERKER 100, .
- . : Z8
B, ROBARREBECEEALZ I T —ETH S, i 12z
= -
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K00 bUE SN EDFRUBAROSEHSAHHCD 5 | Wi gz
. | > z 5%
D, EBBEAICRE - SEUBLTRACSRT B, © B 25
3 @]
. . ; o &
Dievic, ERERROBEVCHBREREO LR L LD = ==
T BRRICE > T 05, L LEAs, HEEE , /4? g
TGOS 48 25 B B & VBT EDhh 0 <
TRIEBBECERLTHWELE b5, 0 0 120 180 240
4.4 KREEMEFER (ERT) £HER HYDRAULIC RETENTION TIME (min)

RAKSARBEREI0G/|, RARBEREIR | e ot e me e o
T, HRTOZ BN T 2EREEBEE L BREHBRIEE
BEOBBRERD OB Fig - 11TH 2, HRTO LHE L IC, RERBERE, £ HHER, BFREEN L
HLTW2, ChHFERTAEC LA LRI VABEOBEOMBOELSE 5 LERAHRBSBNL, WK
EBTESS ODRBBEREITO 0o TH b, HRIVIHL LKL 3L, RERBEBEIETT S, L
PUEBBRETLTOEL, 20ERE, SANERIVIBCEANERICET LD, ThFNOAF
TRFSBEFREBCESTVETRICE - T3, HRT24053 T F/M HAFEF/PNE < (0.0458C0D
gMLVES day) L5 7c®, RARHAAFA LSRRG OSHETCETHNOERTER L -ARNERY T B
T 2> THBEERT 2O TRIEOLLEESCOND, COBERT Y= 7T HER ORI
PBEHOARBEICHIE LTV BRIC, BASEECEIL L &35, BEBRIICE 2 EIBRAERES 2
b, Blo v — 2520k ERTS, RBEIKHERTEEC L2 &, AREBEBRESHAZ LI — 25 5F
BUKAEERRNARERELX Libotf, COBALEROHORIK I 27 v E=THERREOHEN
BRONED - 1

Fig— 1213 Lowry B X A IETACEAEOREXNE LHERT OBHAERL T 5, HRT 1004 RIF T,
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BREEAELFEEEQHEOR LS RED

TABLE 41 Amino acids removals with sulfate reduction under the

Ra, BIBEVREEAERESRI L condition of the mix amino acids substrate
= < 525 i 1 B w =x ffer
RY 50, HHKHERKBERSTEEE Py —
DEHGEZ T, REHERTARTET 5 480 No | Amino acid [™pquene Efluent R
mg umole ng umole oo
H 5, Asp 27.175 208. 46 1.38 10. 34 95. 04

_ Ser 28 19 | 26831 | 14.52 | 138.13 | 48 52
ELUER

Gle 29. 17 198. 24 5 11 34.72 82. 49

TABLE ~ 4 WKRBETI /B (BAAT /8B Giy 2817 | 375.36 | 1590 | 211.89 | 4355

B 147 1mg, S04 69 1 mg 1) 5k ONHi— ala | 2751 | 308 75| 1419 | 15925 | 4842
T/ GRAT I/ 880 ~100m1, 80

40~45mg/1 ) 2z hEnHEEE Lo KGR

Val 2717 231. 92 20. 47 174. 72 24. 66
Met 27.79 186. 26 18. 87 126. 49 32.09
Itie *12.07 92. 04 4. 09 31.20 66. 10

1
5 BAT I/ BBIUH—T S BAEE m Thr ;1'27,66 23218 | 19.26 | 16166 | 3037
3
4
5
6
7
8
9

B 10| Leu 2662 | 198 40| 1911 | 145.70 | 26.56
REFRT BAET I/ BERTH, BILT R 0| Tyr 2954 | 16302 | 2261 | 12480 | 2344
NEEE, TAEZ Y, VI, SRS 12 | Phe | 2447 | 14634 | 1549 | 9379 | 3591

. i} ’ 3| Lye 2345 | 160421 190 | 1300 | 9190
M I} FhIE HE 2 - -
CREGOARDEBG ORI, FIERE T are 2851 | 16368| L6l | 924 9436
DIBENHDERNET I VBOBE—7 3 369. 07 18370 |
. R S 1T " means 246 x 4 =984ng 12.25% 4 =488 n
MEBRTIE, 73/ BRESFITEMBIE * Influent concentration of the amino acid mixture 1@ 1471 mg/l.

BILEBBE O, CNRT IV BROSENLRR
ETHBIDI,

TABLE 4-2 Various amino acids removals with sulfate reduction under the condition of single amino acid substrate

WEBEETE O

VLI LE cubstrate Inf]uent . Efluent ' Amino acid |SOZ- reduceing 807 ng

H 54k H3> 15 < ﬁ(?:licno acid S04~ conc 12;11?0 acid 503%™ conc a()clggt;%izéc;(icig\)f%%\;lcle removal rate; rate Amino acid

o | mg/ | mg/! mg/ 1 ng/ ] ng/1 % % ng

B EITUS | o1 157 14 39, 31 105. 33 28.54 - 33.0 27.4 0. 208

B D 1T L 0 1 Ser 90.79 | 4621 29,08 2423 | 4182 (56.43) 680 47.6 0. 356 |
Arg 90.95 | 4427 64. 29 35,22 16, 48 (40.03) 29, 3 20. 4 0. 340

HBTHbo 0, Gly 84,00 | 43 41 65.26 | 37.59 | 12 55(31.84) 22,3 13.4 0311

REEBEAE A | Leu 87.83 | 44.27 58. 03 25.30 | 3419 (52.01) 33,9 45.3 0. 673

X Val 87.02 | 4500 87. 02 41.68 1225 ( 2 ) 0.0 7.4 -

HELTERT Ala | 90.46 | 43 84 64. 86 35. 65 1205 ( 2 ) 28 3 18.7 0. 320

2, BHIERZE | Mex 101. 38 46. 00 91. 46 3436 | 1525 ( 72 ) 7.9 25.3 1.173

SEEAbT | IhT | 9265 | 46 00 71.06 37,59 9.10 ( 2 ) 211 18.3 0.390 |
Phe 95. 51 46. 00 72.21 38. 45 88 (2 ) 24 4 16. 4 0,324

WAEE, Wi
Kpic7 3 7 BEBRE SRhiEh -7,

6. T4 w7V FRIBERER

Clostridium sporogenes, C botulinum, C. tetani ZR2BHOT I/ BoO—FEKEM ik,
MAEEKEZREELTCBLRTATOAEETT 2, CORBERTF 4 v 25 Y FRIBEFAT S, KESR
RRPEICEOTIDEIIURIBOBEELHBT 2EBAERL I, AR, 7)Y 2 KkRIEKRETS
TNy =TI, FYVvy=nN)y, Sy rv—ndyy, SLRTAF2VEKEZEERETE TN
Fory—n4vrThd, EE»ro
R EAMApRTHRTF v 7 v F

TABLE 5 Experiment on whether on not the Stickland reaction occurring

ﬁm; Lj‘ &i & /U & E [; f; 75) e f: [ Influent Efluent Efluent SO Amino acid
. Amino acid removal | removal
TABLE — b il TN F=vy—af v /D : Amino acid SO2-conc | Amino acid g conc Orgémic acids rate rate
conc g conc ‘ con
= N S y /1) | /1 1 1
FEE AR L ehs, BT 3 ) BERO (mg (mg/1)| (mg ) (mg/1) Ace(:i;/md) 2] %)
e _ A 93. 54 71. 05 28.29 . 04
% 5(1 & 5 d @3@ LT {) 13 fV} ﬁg%* S 36 el re 80. 69 50. 74 | volatile organic | 37 192 s
. Leu 87.83 63. 63 acids 37, 5] 27.55
o BEDE CAHBBRHETH 2

B—TI/BOERD, A7 4
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vy 7Y FRIBOEICT I/ BMRSHEM L ERTIE, ARPEI, SAR»SIEERETELINLY, —
B, £YFEoR (SR LN,

7. ¥&®

REABEHEE, T8 1600055 600.000BEDORIEG—RTH 5. WEMEERERRDIITE - THHER
KCEDSH D, KEFNEREESECBECEDENE S I - $ 7 HAE QB E S 400me/ | Bl
TTlR HREHEREBORNNSRBARBEAE TEDONTED, FENERHEOBREEIRD K&
Mo, BEHERED 00/ LLETRREHREAERREALREIN TV, HRT259BETI, 57
BORZNEHORHFIIEL, EVMBERICREIND 2RABICET 2 LMK OEERENFHRICTD, B
UWEHHOBRERZRIT EELT ZC LS,

BRUHEABEOBA I, HRIBSBET &b 4 ppsmmcoeesoson [
TOOHOBREREED, Lo LEREESE  [Sotk ol B Accumufation | pathwas 1 amipg | IS 4 2
) . X . protein /] X$ hydrolysis | acids Y
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