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FE  \IE 3 S BORM B A B R FAES RS, % A LR R 28 52 ), FUE: + 64 # 0T ( Soil microbial respiration,
Rs ) B FORLBEHUBE ( Q0 ) % T RUTURE RS A RS T iy o 137 B A AE P i, PRI  ARFE 248 RE AU AR 3 (0,50 kg N hm ™ 2™
100 kg N hm ™2 a™") , A IIBEHEAT 28 POAE IR 3% (10°C 71 15°C ) BIFSE RIS IR AT A5 PR B I sk Rs B Qo HOSE R, 45 &
PR RSN 0 A I M R 1 B R 8 2544 0 275 =F 55 BF ( Fungal richness, F-richness) . 5 NO ZbBAH LE, N50 FI N100 Ab 3 2
FHIEIG i B FRAR T 61.2% 1 67.1% 8 Q,, BETHE T 32.7%F1 50.8% ; B AT RS % A5 %) EARNEG £} H Q77 A B35
Wy, B MHEE SRR, Forichness A1 pH {H 537 /& RN & S Qe Z A2+, BRI RS I im 6l Rs, k> £ 3%
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Effects of nitrogen addition on soil microbial respiration and its temperature

sensitivity in a Duolun grassland ecosystem
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2 University of Chinese Academy of Sciences, Betjing 100049, China
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Abstract ; Increasing input of nitrogen (N) and phosphorus (P) into the grassland ecosystems induced human activities,
may have effects on soil organic carbon (SOC) cycle. However, how soil microbial respiration ( Rs) and its temperature
sensitivity (Q,,) respond to N addition and increasing P availability remains unclear. Here, we collected soils from the
long-term simulated N deposition site in a temperate grassland in Duolun, northern China (0, 50, 100 kg N hm™>a™") , and
then added available P before laboratory incubation at two constant temperatures (10 °C and 15 °C) to investigate how N
addition and P availability affect Rs and its ;. The results showed that N addition significantly decreased muramic acid
content but increased fungal richness. In the N50 and N10O treatments cumulative respiration was significantly reduced by
61.2% and 67.1% than NO, but Q,, was increased by 32.7% and 50.8% compared to the NO treatment. However,
increasing P availability had no effects on cumulative respiration and its (Q,,. The results of stepwise regression analysis

showed that fungal richness and pH were the most important influencing factors of cumulative respiration and its Q,,,
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respectively. These results suggest that N addition inhibits Rs and reduces SOC loss, but increases the sensitivity of response
of SOC decomposition to elevated temperature in the Duolun grassland ecosystem, which may increase CO,emissions via

SOC decomposition under the continuously warming scenario.
Key Words: nitrogen addition; phosphorus availability ; soil microbial respiration; temperature sensitivity

P AR e RN 1 A i M 25 2 B U AT 2 £ BB MO 25 R B s
LR AT HUBRIOIRFR I ) A BLBR B B 0 — S BRI R (B R
WP, Soil microbial respiration , Rs) ) J& H-HEAT HUBREY T EHUR B | R A RIAK TSI — it
SRS L AU (0 4 Eh 2 B A RN AR T S T SR R 1 B0 RS LB 43 A 1 5
) IR ARAR O P 2 I S AT A T T R L 8 A 8 3o ST BB 2R ) PR R
VLA Rs ) (RS A R 1L, 15 5 I A0 B FE 0L, S B i A | R A 4
SRS, R R 0 DT 8 B 08 i M BT BRI i ) TR Rs '), LM AT
WSS RO Rs JLT- IR0 ) RV I 56K 5 BRI PS5 A R G019 Ry OB IRAEAE 22 57>
B S RGN AN MR A X, 1 R I 0 20143 AL B I S A

SR RERCAS + BEATHLIRAG C N g8 Rk TR FE (B ( Carbon quality temperature hypothesis ) #6 H1
5 C N B AT HUBR AT C o 1 AT T 00 FE U (0,0 ) ) 8T P T -1 80 e 5 1 5 e
oAE 022 5, SECR TR LR LR C 2N BRI RON AR /MBI, ] 2208 T T AR T A
R I BT | T AESEUBR R Q00 BEA QX EVRIMION BIAETERE S, B BN ™) {20
G R 5 S 7 A AR TR A BRI Q, BN 20 (FL I 4 40 25 6K S 588 1
0107, HEAMRIRET MK T 4 Q. Bt A AR

SRR B A K BT AL T B2 70 2 | A RO R A L 2 B WU 0 3 3 B -+ A WL
FEFRT R K B BB A R EURIBER A F 250 ™ (LBl R 75 300 53 i 5 2R e R A7
TE AL R PR AR ER O e 7 B IR R B PE ARG, 38— 2 B4 -
W R TR Rs K H Qo Pt B o, B 0 A 5 5 SO P 4  T 14.19%—
48.3% Qo FEME T 12.6% (HSEGE IETERY Rs MEIE T 10.3% 0 BiAT ACHERIN 1762 - HER L 9y Bk 125
AT LA, R K Q02 SRR 2 — 0

RPN C 2N P R HIRPRARE B, 36 M WU S B A6 | U A BRI B A 5 R
GO 0 (C N 2P ) DDAEAE T REME | ST A 5 R B I FR A X B L AR, {0
MRS B BIF 5 G B 3+ 0 0 R kO 0 4 2 A ) (LR X Rs B QB B IS8 47 E 5
W) Wang %0 BRFEFRI EBEEMAN Rs, (EXF Q.0 J6 B T Guo %Y BT & 3, ABHIEAD
HOHR) Rs -8 BB (L Q0. IR RTINS ARG R 1 2 Lt et SR AR B O [, 5
ST RCPERAG 0, R/ SR 52 30 23 SR T R AR Al 05 5 B A M X M BLBR S 0 5
. ELR I TR THETY 2 F B AR Rs BIL Qo BEW HIBIFIE e b, 33 R T J A %
R X - A LR R i B O T A

SRR FEPY, B (A TEBUN) 40% , JERETEL0 100 0 HER ) B 25 FRBEAE T s k1
EAS RGN b R 41% , H bR R R 200 13.94 Py C1) | 78 S BRERARBR P % 45 % R B AR
FHUOST PRI ARG 5 1 28 850 0 K 300 VR IR S, IR ek TR 2% 149 55 i, P9 R0
AR TR Rs BFC Q0P B0, T ARV KBS RN S P, B0 T LB U B T 25 1
J AL,
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1 #MREFE

1.1 WF5E XA

RIS REHLA T 28K 2 A= 25 2R B0 78 U WF 98 0k (42°2/297N, 116°17'20"E) , #ikb N SE T A X 28 H
ZH DCAERERT B0 380 mm, EEAE NPT 6—9 A4y, AN 2.1 °C, AR = R4 BT 1 AT
AP R T B LA (Aremisia frigida ) , VK ¥ (Agropyron cristatum ) F1 V4 AL &1 5 ( Stipa sareptana var.
krylovii) SRR R £ HHET KRN P -
1.2 ZBINKHAR 5+ HeR4E

RESINREHL 7 T 2005 4E, I 0 0.50 kg N hm™ a™' 1 100 kg N hm™ a™' 8 3 > 4035 ( NO . N50 Al
N100) ,3 ANHE , FAFEHN 8 mx8 m, FEHLZ [MEE 1 m AUZZ iy, HR R RAERHAERY S A 6 H 450t —
A HERAERTE] N 2017 4F 8 A, FERREEHIBENLEE 15 EURE A, B S R BR M R P TR W A He s
FH SR 0—10 em 13 HFR HIERE IR G55 i 2 mm G T PRER A0 RN AR AE | — 585376 5 i 2% 1
T IR AT 0 TE 4°C FARTE, 5 —EBAAE-20°C FARAE 45 FH T 38 40 1 FN 1 2 R PE AN =F & Y
gz el
1.3 ORI e

B+ 39ERE 5 RS i 0.25 mm 7 5, 4 1 7T 2 43 7 AX ( Elementar ) W 52 + 3984 HLBK ( Soil Organic
Carbon, SOC) 4% ( Total Nitrogen, TN) %, A 3FEHE & (0 FHAA IR | 030 IR 7 van SRR T A&, fif 1] ICP-AES
FE TR Ca & it L HERE 5L 40T NaOH #5 il 5 , ) & TH 280 W0 0 00 B 3 + 3 42 89 ( Total
Potassium, TK) ; A %84 ( Available Phosphorus, AP)f#H] 0.025 mol/L & HCI F10.03 mol/L ) NH,F IR A
24, SRR ST (Seal Analytical AA3) JU%E ; -3 pH (A HIG CO, I ZEIHAK, LA 1:2.5 B9+ K LR 4200
E L Byl LK ( Easily Oxidizable Organic Carbon, EOC)#i ] 0.3 mol/L Y KMnO, iE AL FE | 7E 565 nm
T HA I E Y ME S # A HLBR ( Non-Oxidized Organic Carbon) J2&fii Ff SOC 1l EOC Ay 22 AE3], +3Ed
NH;-N i Ff] 2 mol/L (1) KCI 3= $2-%e ik Ho (3 %, NO;-N SR KCLIZ4E, 78 220 nm A1 275 nm K FH@
et
1.4 3Rt il

- S N 32 ALK 2 ) A5 ( Glucosamine ) | 24 51 FLHE ( Galactosamine ) 1l BE R ( Muramic acid) ,
- BERE XTI SR ARG 2 IBEIR AT AR SO s ik I, AR ERAE L B WL Zhang 2% HIEANE A AR «
ZREVEFEEL (Shannon ) F1=E & 2K H umina HiSeq =38 w0 7 F & 2R 700 %2 , HARERVE R SR UL Liu glorl
1.5 Rs WIE K Qo 105

W AN AL FR A% - 338 5 (NO, N50 T N100) 7 7K 232308 757 21| [ [a] 57 7K 1 19 60% , 7 25 C Tiids 5% 1 Ji ),
fdiFH NaH, PO, W AE - 58RE S oI A AT 38500 (P) 19 5 55 TR -G 350, IR R BRI il & KR — 3 i
AL R NO NOP \N50 \N50P \N100 £ N10OP ; #REX 15 ¢ 3T 125 mL B538F , 78 15 C Al 10 C A TiEIR
g AEREFRITA)E R 1 .d.3 d.5 d 1 8 d fiiJ] Li-Cor 820 SMMTAINE Rs, Rs A1 Q, i+ E AT,

P x VX@
RxT d
Rs (peC g d') = Tt x 12(g/mol) x 3600 x 24

S R LIV A P KSR (Pa) LV R (m®) R B C PK B(Pa m™ mol”
K1) T BH IR (K) | ‘fl—f Wy COL BER TR BRI M KT it ()

CR = Y Rsi
A, CR A L3 R 5 ( Cumulative Respiration) , Rsi A58 1 i 5 (9 Rs THH45 2 1 5 S99 0] 45— R 9 &

http ; //www.ecologica.cn



1554 A E = 40 4

B A IR N2 d B9 Rs R 1 d 13 d TUSERY Rs HSEEE

CR,)\?
Q= (%]
A, 0,58 CR AR ERUENE | CR, FIl CR,, 73 Il 15°C F1 10°C f +-33E 2 AR &
AR EB IS ALFRR) CR B Qo X WA 250 38 i i) mie) 137 45t FH i 7 EE ( Response Ratio, RR) 7w, Hoat 5.

CRyy»
CR

L RR ARV R BB CR X B SIS I WA I LG | CR o 73 BIZE7R NOP N5OP FI N100P )+ 43
ZFANEI A 5 CR,, A3 5905 278 NO NS0 1 N100 fit) + 358 ZLFRIE0Y

_ Qo
G QIO—NX
L RR, AN RV AN AL B Qo Xt A 8R3N8 B2 LE , Qg 7051 7% NOP  N50P A1 N10OP (14
Q10 Qonx 23 XTI F R NO NSO 1 N100 15 Q0
1.6 BAEgitirtr

FIFHZ R 5 255 B AS [ b B )+ 38 RFE I i A1 Q) B9 888 1547 4347, R LSD ( Least Significant

Difference ) HLHFR VIS N T 35 B A0 R S50 G AE 0k ot ZRCRN e o SRR T £ S Q) R 17 Ll 1) 25 5 00 3 ke
AL AT Qo A 38 SRFNPI it 5 - $9 PRAb P T (A DG, 18 K FE R a= 0.05,

2 ERES

RR =

RR

2.1 FUESTIOGE 498 B A R AE A T 114 i

RN B ZE R 3 pH (22 1), 5 NO M H, N50 H1 N100 b3 % + 3 pH {85 S FEAK T 4.4% FI
13.4% , [AIHEASIN T EFEAR T EOC (HTFE T NOC (2 1), ZUES I Ak FH 4 i B B2 & 2 F&AIC, [A] 5 NO A
FE, N100 Ak 2 5 25 PR 20 181 7 A< 415 0 ( B-shannon) (3£ 2) . {H5 NO AHH ,N50 F1 N100 Ab 3 A I8 F 5 BE (F-
richness ) 41 T 1.57 f5 M1 1.01 £5( £ 2) . ik, BRI T H 3Rk Mg 454

F1 SRR MERA L EEL R
Table 1 Soil physicochemical properties of Duolun N addition sites (mean + SE, N=3)

pH NH;/ ( mg/kg) NO3/(mg/kg) TK/ (g/kg) AP/ (mg/kg)

NO 6.64+0.03a 94.68+9.22a 3.82+0.72b 27.4620.29a 2.98+0.05b
N50 6.35+0.04b 97.83+4.23a 5.66+0.25h 26.82+0.68a 3.95+0.43a
N100 5.75+0.03¢ 109.77+9.08a 14.83+1.46a 27.02+0.24a 4.11£0.14a

SOC/(g/kg) EOC/(g/kg) NOC/(g/kg) Ca/(g/kg) Kt Clay/%
NO 17.910.61a 5.56+0.29a 12.3420.71b 2.31%0.21a 9.88+0.05a
N50 18.60+0.73a 3.35+0.40b 15.26+0.53a 1.7920.50a 12.01+0.84a
N100 17.52+0.34a 2.64+0.32b 14.87+0.02a 2.10+0.40a 11.05+0.43a

[RIZIAS [A] = B SR /R Ab HLA) 25 7 3% (P <0.05) ; Hirp TK: 4% Total potassium; SOC : 4 HLH#% Soil organic carbon; AP # R % available
phosphorus ; EOC : 5 43 f# A ALk Easily oxidizable organic carbon; NOC :¥E43f#5 HLEK Non-oxidized organic carbon

2.2 FUSIIVRIBEA SCER G Rs F1 ST WL 8 1) 52 )

RIS E ] Rs A R FAREM 5 (& 1 AR 2) , FESEFRIIE],NO BRI Rs 24 1 35 5 T N50 1 N100 4k
B, 5 NO FHLE, NS0 1 N100 f SRR 0%+ 43 Jl) 5 2 B AR T 61.2% Fl 67.1%, i 13 SOC 1 0.485% Fil
0.531% ; H. N100 A ZFEIE &2 B 8T NSO, B T 15.0% (& 2 f13% 3) , BNBEE R A A3, %5 Rs )
PP VE 3G
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R2 ZREFMEMA T ERIEWER

Table 2 Soil microbial properties of Duolun N addition sites (mean + SE, N=3)

AL LI JLRERR
Glucosamine/ Galactosamine/ Muramic acid/ B-richness B-shannon F-richness F-shannon

(mg/kg) (mg/kg) (mg/kg)
NO 1081.24+158.74a  440.07+61.06a 83.75+5.27a 2514.67+187.39a 9.29+0.07a 463.00+£76.95b 6.26+0.53a
N50 1302.27+83.42a 450.94+28.72a 63.95+3.36b 2890.33+94.79a 9.11+0.06a 1187.67+34.07a 6.80+0.31a

N100 1368.76+46.14a 453.18+26.30a 65.93+4.14b 2411.67+457.40a 8.78+0.12b 928.33+161.01a 6.36+0.41a
[R5 A ) Rl R n Ab Bl A 25 53 5 2 (P<0.05) ; Hi P, B-richness : 32458 & & & Soil bacterial richness; B-shannon ; 1 3 4l B 7 K 15 5% Soil
bacterial shannon index;F-richness:j:t%ﬁ%jaﬁfg Soil fungal richness ; F-shannon + B R A FE R Soil fungi shannon index

F3 REAMMBEYNENZRFRERE 0, WBERFTEHH
Table 3  Results of multivariate ANOVA on the effects of N addition and available P addition on soil cumulative respiration and its

temperature sensitivity

A3 BFRRF I 5 Soil cumulative respiration TR EHUBAE Q) Temperature sensitivity

F P F P
N 2009.427 0.000 18.851 0.000
P 0.072 0.790 0.012 0.915
NxP 22.994 0.000 0.483 0.628
T 27.997 0.000 — —
NXT 3.261 0.056 — —
PxT 0.285 0.598 — —
NxPXT 0.176 0.840 — —

N A INALBE N addition treatments ; P B 5 INALFE Available P addition treatments; T 5537 % incubation temperatures

T 2050 P %) =285 0 ) B RV R T 5 M), (L 200 A 00 Pk 14 Tk SRR IR i AE AR RS BAE (R 3)
NOP 1y ZFHIFEI 2 5 2K T NO, BRI T 9.0% , {52 N50P il N100P #y 2RI . N50 Fl N100 43 514 fin
12.1%H1 13.8% , A AR5 B i PR (B 2) . N50 H1 N100 1) 2B g 5 %F i A 50 PE 0 e 17 1 55 35 8 T NO
(1 3) , BVRBEA SR e F AR &, IR 2 T 2 e i R AR & 7 15 °C Z&(F T ,N50 \N50 P |
N100 FI N100 P (%) S2FFIR & L 10 °C 5544 F# o 3 E TR T 16.2% .13.3% ,18.8%F1 21.2%,

SR E AR
ONO M NOP ON50 @ N50P A N100 a N10OP
25 25 -
15°C 10°C

s 20 20

'en

@)
w2
&% 15t 15 -

8
E
€7
i_%%: 10 | 10

=

S

(e ]

E sE 5

a

0 | | | 0 | | |
1 3 5 8 1 3 5 8

B3R ¥ Days of incubation

1 15 °CH110 CEF T, AR A IR 19+ BRI A& WP IR E 2R (P B {E iR N = 3)
Fig.1 Soil microbial respiration with incubation time in different treatments at 15 °C and 10 °C (mean + SE, N=3)

Hidr NO,N50 F1 N100 23 HAC R A AR AL, NOP , N5OP 1 N100P 435S 278 R 7 Ab B % + 34 & rh AT B s
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B2 mAmAEE gt 15 RRTFR SN
Fig.2 Effects of N addition and P availability increasing on soil
cumulative respiration
AN [R) PRI 2278 Z N AL BRIRI T A6 B E V22 52 5 = Rl ns XA [R]
IR BRI AR HR ] ) 22 50, Forp + i ns 2331 3R0R P<
0.05 1 P>0.05 ; F-{E AR AR, N=6

2.3 REESIABEA SR I Q o I

B3 AEEARMNAET 115 R R0 S X 5T 20 064 i 52
Fig. 3  Response of cumulative respiration to P availability
increasing under different N addition treatments

AR PR R B 22 5 SR bR IR, N=6

RIS R EREIN Q,,(F 3 A 4) ., 5 NO A EL, N50 F1 N100 ZbFAY Q43360 T 32.7% F1 50.8% ( &l

4) o WA RE R I BAT N R AR Q7 A B

WEESF(KES),
20
a
T
15 F a 1
T
T
b
- T
S 1.0 iR
05 |
0
NO N50 N100

B4 @izt QRSN
Fig.4 Effects of N addition on Q,, of soil cumulative respiration

AT BN TE R V25 P hRifELR V=6

S (% 3) , TRINRIR R LA B R, 2

15
a

a
1 a

g LOT 1 T l

g

= 1

Z

Qo

o

z

4]

X

_]i

F s |

0

NO N50 N100

B 5 AEEFMATET Q) 8EE R IERING L
Fig. 5 Response of Q,, of soil cumulative respiration to P

availability increasing under different N addition treatments

ARl FRE B R AR 2 S PR (E b HE LR, V=3
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2.4 TIEZFENGE N Q152 R

T3 ERFN E 5 44 pH {5 . TK ,EOC, Ca Fl B-shannon £ 3 1IEA KR, 5 AP NH;-N_NO;-N,
NOC ,Clay , Z A ZHEH F-richness 2 R FARSCICR (K 4) o Horb 358 SRR 1) 52 i) R 28 4% 52 o P Ji2
KK HE M . F-richness .B-shannon , Ca il NH;-N,;EEﬂ DA fifr R 2 R Wi 1 A% S 11 88.5% Q]O'—ﬁ AP (NO;-N |
NOC ., Clay , 2 FE 2 B A1 F-richness 2 1. 3 IEAH X K FR , 5 pH {H . EOC , Ca il B-shannon £ i 35 1 A ¢ ¢ &
(K 4), BHEIHHrRY], 13 pH B2 Q, fe EZRYsZm K1, AT Ui R Q028 519 55.5%

F4 TERERERERE Q5 TFEUMRURMENEERNEXED T

Table 4 Correlation between soil cumulative respiration and its Q,, and soil physicochemical and microbial properties

S i Cumulative respiration (o
I 25 Pé&ﬁﬂﬂﬁ’rﬁﬂ%ﬂﬁ%ﬁ I 25 lZ\iEWUﬂﬁ’rﬁE‘Jﬁ‘(ﬁ%ﬁ
Correlation coefficients Standardized cocfficients Correlation coefficients Standardized coefficients
of stepwise regression of stepwise regression
pH 0.782*** ns -0.758*** -0.762
TK 0.398 " ns ns ns
NH;-N -0.334" -0.167 ns ns
NO;-N -0.601 *** ns 0.770*** .
EOC 0.838 *** ns —0.596** .
NOC -0.772*** ns 0.652*"* .
AP -0.671"** ns 0.729 ** ns
Ca 0.545* 0.308 -0.590* ns
Clay -0.603 *** ns 0.660** .
Glucosamine -0.530"" ns 0.743 *** ns
B-shannon 0.695*** 0.363 -0.799 ** ns
F-richness -0.727 *** -0.579 0.510 *** ns

ns N E AT P>0.05; + R BE KT P<0.05; =+ Fn B FH KT P<0.01; # =+ F£/R W EPEKFE P<0.001

3 e

FEIANE Rs FURFARENE i () 1 AN 2) %45 R 52 HA e as R —80 0 Al 2
WA T 61.29%—67.1%, %5 T Yan 55" HFFEEE R 14.09% IS0 , 7T RE 2 i T/ | L3 vE R AR
IMSZRAE PR 22 - B 150G, A ) AR T BB PR A 2 B pH (R 1) .
SERRAL R AL B RE P B FR B, SE IR BRI i IR M SR R SO s TR R AL 5 2 Y Ca™  Mg™ I Na™ 4
SO SR RN EE AN 2 R (A A AR R R T, AT R AR SR AR I 247t A, Chen 551 58 3%
B A4 pH (E T DLREAR A HLBR A iR . 55— T i, KIS I 2 S0 A S g BUR | I B
SEALEEIGVE | RRAR AT A | e Aot BANE G B = AR kAR O

SRS I8 35 R - A T AN FCR RIS R . Wang 26U B 5T R WG UMK T AN A i, AR AR
FC, RN 25 AR MO BE IR (3R 2) |, M B I M — SR IR T A R (] S 7 A B 25 31 B-shannon , HLZ 25 (7]
L5 3R], B-shannon 5 L3¢ BRI RHAFAE B IEAH R OC R (R 4) , G HMBF R4 R — 20 55— T, A
WFFE AN 35 TH i Forichness (% 2) o FLBED0H iy HYBRSREA0TE W 1 o T40 7, H BB HL AR A o A9
AR SEEARAY Rs, P, RN D 14 20 T 2 R P AR AU R EC B 2 8 3 T iy S SRR I i e A1 14
FEFD , MEAE AL X S A DL TR B T NOC 15 BRI W i 77 18 Wl 35 7AH GO &R (3R
4) B AA B INAE £ 3 NOC 2253 it AP I e P AR A St IR 2 —

FUWSE AT 2 S e RPN I A (3R 3 RIIET 2) , T REAT7E PN IR R R A R — BR G . 1 E, TEREA 2K
MBI A b PR b SRR 2 AR T 9.0% (11 2) , T RE A st DRl WA A5 1) 1 I S A A 0 ) sk [
BRI, PR T B0 A O A T s AR A R A i i Ak 3, SRR T T
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12.1%—13.8% , I 5 A4 Ji PR30 A2 JRUMAE A 080 R0 185 0, o s A 24 0 93 e - S5 ALl A AR BB 119 3o 2, 7 — i 2
JE AR i AR 6

FUNIN R E RN Q,, (& 4) , S HABBIREE RSP w e BBl IR (3R 1), H3E pH (E
Qe EE RN T (£ 4) , HABZE RO R L3 pH 5 QLB E AR 1 pH 5 HEE
KA i DGR T RIIARBESE RIS I S L AT T 5 T 20.4%—26.6% , 2 S 4
Bl BRI T E B, 0T DME N BRI A Yy i s d A, FAE A B A i C N & T4, & CoN
FIA ML S Q0 ™) o FTLARENING [ 598 pH {H R AR R B B 5 (2B A 38 T2 QT B SR IR 22
—o L, ABIMFE A NOC B EHINE Q, JHE i EZE A, Q5 NOC fFTE & IEAHC KRR (R
4) . Guo SF'M WL LM, BB I T+ WL OGRS B Rt A AR5 26 0 Rk n 45
Pk + A LI e L X A58 (WIS FIIL g 258 ) sl BRI 2506 W) 2R 6 T8 U ME 43 1 A HL
w2 WAEEESh 124 R ( Enzyme-kinetic hypothesis ) FRR i 5L RE (B U6 , 1 3878 HILAS A4 X 20 fie A b 1y
G R BTG AL R, PR B 1 Q057 o T AUV 2 18 o 396 AL 43 i F 4 BR S R 1 i
N o AR R 3G I A R 5 e 2R RN I o) I B AR A % e R (3R 3, AT 5 A5 3R AL Y £
W AT RS T AR B A R I 5% R 0 BB TR 0 S R TR B0 156 B e A
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