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LR

nEF

(hEBEEMEHHTR, k5)

Mt mmEEEANBAET BRI HRERFE—PGRITE C3. ZXHER
FIRA LAY, gk, A HUEL . B, B O i RRTRR B 53 4 K e EL R BB 95T
BWUERL P e . ST AR RIRYEE N AR, 48 NNTEI S (L 1200ms/ T, RHEES
UBERESE S 1R TR, UREME N B A R (R LAY, A TLECA B i X Gl P (L
1. T 3vomg/L RIBENMEAEESRURRXLEAY RARPOACEMGER. &
{t 1M GHERPATERR 1M FALL M 0.5mM QE, pH ELR K FFIRLE R, FEIMRE
SmaiiEsE&S, DRRFENGMEEKREMERBED R MnWEBnmaEyn ks
B, RS A 40me/L, {E 300mg/L FREEBEHN, ORIKER. EMNHRIAEHIN

T4 TLE2 1.52—1.61: 1, FRIR B9 0.350

PEHBEHNRE Ao

KA WAl AT s i AUER s LSRR

(&) 8 AF B (Thiobacillus  interme-
dius) R—FhapEVETHLE F &, H %
B London™ 2348, JL4E 3K, IAIGRFT HHY
RALKTEEERKEEBARACHTS
BET L ZENE R TR RIAENR
R P R AL S ALY, HE AR
BREE R BRE. X THRERENE
LEXTERHEM A B (Thickacsillus  thio-
parus) NIREEBEHE (Thobacillus
thiocyanooxidans)* ™, HyR FHEEK 8 B i
B Pserdomonas stutzer)PV | BAPHE[E-FIK
B (Nocardia mericana )P F135 40 E{ Arthro-
bacter )] M

4 S5 M T U S5 40 K 1
IEA T SATI3 thor B —H% REE4
EE AP EIRAF & (Thiobacillus interme-
dius C3)™, % T XEA TR B W
PR R BRI R RS

A RS F I g RO AR R R L B R

i <

(=) &%

MABRFLEKARSE SAT13 hi 3 —
BRI IAT B (Thiobacillus intermedins)gi S C3,
HIFEEEHIEDERE" .

(=) BRE

L BRIEAL AR (8/L); KHLPO, 0.5,
K,HPO, 0.5, MgSO,-7H,0 0.2, & GZ 1ml,
MK 1000ml, pH 7.0—7.2, 250m] =KL
50ml K 3R, 8 BF 30 S+ PR Ko

2. HHEFREARARAI AR RET
ERRFEDRARBEEWNARE, HEREA
150mg/L,

3. BERB ASAE: EREEFLQmE
B (18/L)s S BIMAZFRE.

4. FERRERE: LEEREPRNAS

EXT 1986 £ 4 A5 BH,
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BE9i(2e/L), srAIMASREE.

(=) Stk

iRl A B 5% BMBER, 28C &%
H 3% (200 $%/53), 10000/ min B{.0s 20 43 FhiT £
ke, A pHY.2 BRI AR, BETE
MR, 4°C RIF, A#ER 2—3 Xo

(m) MEIFI

RE#HEREERAEEORE. ENRsD
A 2ml BRLMEM 1m RE(HAER), &
HURERM 209 KOH 0.2ml, @k HY 3.2ml, 5
SRR — PR N, 2R DY 1l pH7.2 BEEREE
HERE KT 30C BABEN.

(&) aHFE

AR R e B R B L) 2305 RIS HEMIE
HRcARBER UBK- BRI S aENEm
REAE;MEEREmNARER: SKaR
EERIRAC RN E _HERBEN EmEL;
RAs-2 WEE R+ AE pH {Ho

(7)) G/C BHEEENE

FBEIDRET BT To E, DIXBF
B (E. coli) {ERRMEYT IR

2 %

(—) PETAECI LB E LRI
I. DNA G+C&8. FI1f#l,
i HITFE C3 DNA HG+CEATF %

1 HEMR.FERITHEODEHES C3
DNA o G+ C R4 FaSM
Table 1 DNA mol percent of Thiobacillus, T.
novellus and T. intermedius

G + C mol%
7] %
Surain W o€ A
F O & Determined
Manual value
value
Wi R
Thinbacillus 56—68 -
S __ —
T, rmlm_'flrt.r 62—68
PEGATE O3 | - 51—59
T. tntermedinus C3

Y AERABEEETHEARE 455 H

Bergey’s Manual of Determinative Bactertology,

Eighth Edition, p. 458.

£ SE—59 WHW, ZEZLFE RS RM
HEEFMIHAEFER GFC EE S
50—68 Juar¥ % MIiEE.

2. FHLE-EEAMIRNA; BERER
RAEEBEEBUR TR K hEE
RIS EEABERORE, UER
BEAER. R2EREH, 2# ey
BEEA A KB ENEE. HER
PR LR ERLESEESE, UR
Hie i i, EARMKRZ. MEEh
AIEA A K Fo

BAREOAMEE 3, HOBFEZEE
KWEAER,. HEZROR H MR, gk
HERFAFEDENF A DR, ®
HBRYPM AR ZHEERBIFBER. #
2—3 JRth, RHEBEFIELZEARNEL
MIEMGER. 0 T BEBIZER BN & EY
fE, ERMERERNACEKENH
B, 30°C 5E3% 48 /NN ISE RGBS IORE
RE,DUTRE LR E, X4 E8BEH,F
mIFEAFE C RERENERRBENE
77, WA IR BAE 500me/ L LA N RI &%
B, e B PG I 2 B 0O 4R 5 R RE Bl
ZBEMR, LRMBREN 1200mg/L £
W, EBRFERF 6% Lf. BEFEH, %
HMAASAE DA REN ZHIREAR
o

3. BRIARORIE. # 5 SR FRH.HR
iR A AT EEC3 A KEEME, K
WARELRN, M AL MBS E - UHE
MIENWBAE NIRRT . EEARIUTLE
B EAKEGREBMERBIFIESERT
Fo HEMARMATBRMPNOREHTSXEIEE
HFe,

PE—HWE T BEFHETFE C3 fEEK
W ERHAREBEAREL (E 1), BEEN
HUREQRNMK, mACmEBAmE L,
FIR; SO~ A& B M 1000mg/L 3% jin £l
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Table 2 Growth of T. intermedins C3 at varied carbon sources
- 5 MAmIRE | RE4R " . mAtgE | Eaam
Carhon source Added carbon Protein Carbon source Added carbonl  Protein
on source (gfL.)| (pgfml) lsource (gfL) (ug!/mb)
i
HWOE OB ¥ B &R
Glucose 5 3.7 Succinic acid 2 47.2
*® E O x M
Sucrose 5 37.5 Fumaric acid 2 31
¥ B R M
Maltose 5 33 Malic acid z 42.5
e - | " BB &
Fructose 5 34.5 Sodium citrate 2 2.2
B B W
Xylose 5 36.5 Sod?um acetate 2 36.5
W oE OB AW
Mannitol 5 34.7 Sodium glucenate z 47.2
th M MM oW
Sorbitol 5 57.5 Sodium pyruvate 2 32
a : AR E®
Dulcitol 5 2.3 Sedium acrylate z 6.7
I8 [ 4 W # B w9
Inositol 3 40 Sedium thiecyanate 0.15 34.7
R BE B R
Erytritol g %o Acrylonitrile 0.15 27
= N A <
Glycerol 5 7.3 Potassium cyanide 0.15 20
3 HERAE C3 ETHEFbmER
Table 3 Growth of T. imiermedins C3 at varied nitfogen sources
mARIAR | WA S
= i} Added nit- E;,E[E’:E' = & Added nit E;JE ﬁ'ﬁ
Nitrogen source fogea source 1 Nitrogen source fogen source fotein
{g/L) (ng/ml) (g/L) (pg/ml)
B i K % [
Potassium nitrate 1 i Asparaginic acid ! 15.3
WoOBoo® Z B K
Sodium nitrate 1 76 Ammonium acetate 1 63
OB & : B #w 5
Ammonium sultate ! 1.35 Sadium thiocyanate 0.15 50
E S 14 & o i -
Ammonium chloride ! 1.1 Acrylonitrile” DS 53
S . . 4t #
Ammonium nitratc 1 74 Potassium cyanide 0.075 0.65
=
Peptone ! 82.5 #t i}
Control, wi‘r.hout additional - 0
R e E 1 54.5 witrogen _
1
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£4 bERFE C3 ERABMBED (G0C, ERIF)
Table 4 Degradation of acrylenitrile by T. intermedius C3 (30°C, 2 days)

MEHRE (mg{L) BARE (og/L) CH,CHCN 5 (mg/L)| CH,CHCN £BR& (%)
Ipitial concentration Final concentration Degraded CH,CHCN Remaval percentage

358.1 0 558.1 100

797.3 333.3 464 58.2

993.3 493.4 499.9 50.3

1180.2 705.8 474.4 40.2

126 .3 771.1 490.2 38.9

1215.5 1130.6 84 6.99

x5 $EEFE C3 ERLENPNER

Table 5 Requirements of sulfur source for growth of Thiobacillus intermedius C3

: " MARIRB (2/LD BEE &R (ug/mD)
Sulfur campounds Added sulfur source Protein contents
T
Elementary sulfur 10 0
A A R
Sodium thiosulfatc 10 63.7
- EKIEmE 2 0
Sodium sulfiteanhydrous
® om OB F , b
Potisstum pyrosultate
g R 2 8.8
Ammonium  persulfate '

E T 2 9.5
Sodium disulfite :
BiO# OB W
Sodium thiocyanate 0.15 19

4500mg/L DL b, % # oH i 7.6 TRRE
5.5 fEfio

(=) PEFE C3 ALENBRM
EVRIE

. BEEERGSAISEML: BEEALRAE
B aReE R T 20 B & B A B
B R, ARHE SRR h P £ 8, AR
s fient, KEXFIRS. MITEH
B pH BR A 1R H . % 6 R EW, WEEAML

AR R AR TR MR AR BATE L 00—
780mg/L i, K55 48 AN T4 IR,
B E T 1200 F1 2400mg/ L, BLAATR
FEHHOERESBTEN 9% M 36%,
B E RRBMETT R0 1000me/
L 724, MBS T 3600mg/L DL E, EM4
KRR T, AR EHETRHIRS.

> [ HA ch (R RREAT B AL AR B AT 1R
BWER, e TRAK TR 7 ERE
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soook 100 410 13000 190
120r
4000F B0 s 4000
= 1RE 100 100 <10
) = -~ 5 €
5 30007 260 11w Feer @ 8 80 — -8
< = T g E = z
S, g “ = Zet Ee o0 2 46
¥ 2000~ £ 40 14 H2000C @ 2 = o
o I!ﬂ “ 2 a ot
Z o 40 40 440 Z 4
# o
T -2
1000 0 '| 100¢ 20 RE 20 420 ~1:2
. 1 1 i 1
o I 30 50 70 o 10 30 30
3B ] Time(D) B[ Time(h)
A AR C3 R AR R B2 lAlRFTE C3 MK MALTRARN
Fig. 1 Growth of T. smtermedinm C3 Fig. 2 Growth of 1. imtermedius C3
and oxidation of Na,5,0, and oxidation of NaSCN
1. EO R Protein; 2. 50;-; 3. pH; 4. Na,5,0, 1. protein, 2. pHj; 3. NH,; 4. NasCN

™6 hEFHTE C3 JEMMAGEL
Table 6 Oxidation of sodium thiocyanate by 7. izsermedinm C3

NaSCN #5147 B (mg /L) NaSCN £ @ 4%k B (mg /)| FA£a NaSON (mg/L) |  NaSCN 5@ H(%)
Initial concentration Final concentration Oxidized NaSCN Removal percentage
107.03 b 107.03 100
307.91 Q 307.91 100
569.96 0 564.96 106
78615 L) 786.15 100
1277.50 6551 1211.%9 9487
2423.98 1539.56 844,42 36.49
35635.97 3013.60 622.37 17.12
4795.6 4015.95 779,55 16.26
6420.27 £334.76 65.51 ; 1.92

BT wEARFE C3 ALUMRARNUREREORR

Table 7 The production of sulphate and ammenia during the oxidation of
thiccyanate by T. éntermedinm C3

Al NaSCN F iy NaSCN £ EE ey SO mpkgy NH,
Added NaSCK {(mM) Qxidized NasCN (mM) | Produced 507" (mM) Produced NH; (mM)
3.5 3.5 3.0 1.3 o
7.6 3.2 5.4 2.4
10.5 | 6.78 6.0 2.5
BH, I B S AL ImM PBTEE TR 1— 2. FUE AR RE L &

0.8mM HUFEEEHF 0.5—04mM M, K M PHEEHE C AFRHFNEFRMN
R AdRaSERTES, Bk k. KEIHEVALGYMEE BX.H
ERTERE. R, EMGKRE (0.2%) B THHmER
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WEANERAR, ERFERENEEE
{9 0 A e ot HE SR A AV AR
Fo EMLBKPRERKSHBHEHE
IR 472 > A 3 BOSE R AT L, = PR B N
HIRIRIE 250me/ L Ftf T AR RE
% 300mg/L &4 515 0 6 b B AL BRI
MGNENEE ), BEATHEER I E LR X
5%, MBS T 400mg/L &Y, RN B
FEMLER 12% Ko

) Oxidized percentage pf NaSCN_

NaSCNAT(%

0  jo0 200 300 400 300

fekdi
Acrylonitrile {rmg/1)
H3 AmpEchiapeAfm O3 SimRmanin

Fig. 3 Effect of acrylonitrile on oxidaton
of NaSCN By T. énsermedins C3

3. HPREL: MERIRW R, ZHE
AWM SN SR SRk E
EREREEER. B 4+ BRERIEEY
BIR A 5.10,20, 30, 40(mg/mlt), FLpE:
AR A R IR 20 300mg/ L B, B R
B Smg/ml, FARWKY 90, MM
WEZ 40mg/ml, FHEAGK Y & 3 =
475 ub, KL FRAA, SN EATE R BRI E
LEMARKENRSHE -EHEN. %S
EmE R EER S K R
MEREEE X (B S5), MMM NREE—
ERENEINR, EERAFES, M4
HEEET 400mg/L &, EEEVIDE

o BT[N, ZEEAHEBRAESN
MR EE 40mg/ml, FRFESPIEEEX 300
mg/L A Ho

%soo- = ’5'\
g L .
g 4
> 3001 37
&

3 \
= 23
=

KIDG [ \

0 60 120 180 240 300 360 . -

RNRE
Reaction time {min)
=R o bed: SOk Lo diop- At
Fig. 4 Effect of cell contents on O, uptake
MK Cell contents (mg/ml): 1.5 2. 103
3. 20; 4. 305 5. 40; 6. N Eodogenous

respiration

g

g

g

5

ﬁ_ﬁl 0, uptake(y}

e Y wm KX 6
60 120 180 240
B4 Time(min)

X =X

(=

B sMESIREMNER YR
Fig. 5 Effect of concentration of NaSCN on
O, uptake

1. 100mg/L; 2. 200mg/L; 3. 300mg/Ls
4. 400mgfL; 5. 600mg(L; 6. 7 0F R
Endogenous respiration
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AT R E SRR B AE SHE
B U AR R A R T A A, e SR L
HARNSNESR R, S =HET. B
— Y B R ERE . PN ARER PR AR
FERATNAR SRS EZHEM LA
B RN PSR
HiLkE . AmEeEs. ®U L=/
Z T e KRS0, B 300mg/ L B
EEAIED R, WEERE. MES
FI. FLETEA HLAL A chn B S M b
FRINAIN, HESRY BT A NS EA
REI A Mo SRR M B T RO S AR 4
B ISR T PR I B R R
FOAR N SRR 22440, i E %
200 N S Atk DA I N T 1R A 06 B
Fo BLFEHA, % BRI RINNEED,
SMKERIERA -EX R, SHER
35 OB B AL B I AR T R
RIS

HELT 4 B RO R O {6 P R RLPR IR B (A AT
DR A B B e thinl B 4F &5 C3
SULT PR I R /E B E 8, M
SER R, BEeb B e R
M AR T EABKE S Happold 3R
B e EEILE NS (Thicbacillus thio-
cyanooxidans) H AL EERFAUHELL, HE

W oz uptake(sl)

g

¥
=

E

o 3 6 e 120
B Time(min)
6 HABAYS 3 S ER B

Fig. 6 Effect of cultural condition of bacteria
on O; uptake

1. NaSCNM; 2. Glucose + NaSCN; 3. Glucose;

4. Sodium pyravat 4 NaSCN; 5. Sodium pyr-

avaty 6. Acryloaitril 4+ NaSCN; 7. Arylonitrils
8. AR Endogenous respiration

BEEREEN 0.35, (RIBFREEITH,
PP ZHARERHE R R EER
WERBRGE 7)), 8B E BEIE

AR B PAIR R RA:
2NaSCN + 5H;0 + 30, = Na,;SO,

+ (NH,),50, + CO, + (CH,0)
MXAZER B HRERTLEE, B
Mg A fvd K SO, NH;, CO, fi—4

%8 JEEHE C3 ARKRBHRrRER:

Table 8 The respiration of sodium thiocyanate by T. imtermedius C3

O, IR PiEfy CO, B ¥ R OB (A

g 0, uptake (uM) Produced CO, (uM) Respiratory quotient
NaSCN
WM | e ReE | xmaE R X W@
. Test value | Document value Test value | Document wvalue Test value | Decument value

b 0.23 0.3 2.11 2.5 —_— . —

2 3.2z 3,2 3.24 3.4 0,35 0.31

4 6.31 6.4 4,31 — 0,34 _—

I 9.23 — 5.36 5.1 0,35 —

] 12,14 £2.8 6.42 6.2 B.36 0.30

10 15,89 15.6 5.01 7.9 0,37 0.35

* S EE{E Document valuet®

-
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BEANaE T, R A EmFE
C3 FAmEEAE RIS
ERAELEA TR,

CR

1. HfalFATE C3 F G MR FHFRB
HgE, R E MBI - B sE N E
Rt ERmNER —CRERRE
(500mg/L.) AU ThiE. Ak, ZEELELTR
KRS, NRBHTREESEST
WK S EE S BEENER.

2. AXRptE kA, hEBEAFE C3
SULHEERY:, FIENBE AR ER
iER. BEZHEERKEREGTHEIRER
BN RERAFYAE NH, f1 SO &
s AT 33 e e A M S A T R R
W, AIRLAYhRIBTFE C3 |im
ERPIRIRS KA RER 1L ¥ Ha
B FERNSHETHEEATREAER
R

& % X R
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OXIDATION OF SODIUM THIOCYANATE BY
THIOBACILLUS INTERMEDIUS C3

Xie Shuhua

Yang Huifang

(Instituic of Microbiology, Academia Simica, Beijing)

Thiobacillus intermedius C3, a faculta-
tive autotroph, isolated from mixed culture,
which has been used to treat wastewater con-
raining thiocyanate, and could utilize organic
compounds such as saccharides, organic acids,
protein, urea and acrylonitrile for heterotro-
phic growth and exidize thiosulfate and thi-
ocyanate as autotrophic nutrition. Thiocya-
nate served both as source of carbon and ni-
trogen. The ability of oxidizing sodium thi-
ocyanate was quite strong. The speed of its
oxidation was fast, 1200 mg/L sedium thiocya-
nate could be oxidized in 48 hours. The limi-
tad quantities of organic compounds did not
influence the oxidation of thiocyanate, but
which was inhibited by 300 mg/L acryloni-
trile, yeast extract and asparate. When sodium
thiocyanate was used by this bacterium, am-
monia and sulfate were produced and the pH

change of medium did not occur. About 1.0

mM sulfate and 0.5 mM ammonia could be
produced from the oxidation of 1.0 mM so-
dium thiocyanate. The results of respiration
experiments showed that the absorption of
oxygen was closely related to the conditions
of culturing the bacteria, c¢rncentration of
cells and substrate. The maximum absorption
of oxygen was obtained by the application of
a concentration of 40 mg/L whole cells and
300 mg/L sodium thiocyanate. The ratio of
mole O:: mole NaSCN was found to be 1.52
to L6l: 1 and the respiratory quoticnt was
0.35 According to experimental results the
equation of oxidation of sodium thiocyanate

was suggested.

Key words

Thiobacillus intermedius; Sodium thiocy-
anate; Oxidaton
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