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Comparison of synthesis of carbamoyl phosphate through
different pathway in Escherichia coli
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Abstract: [Background] Carbamoyl phosphate is an important precursor in metabolism of arginine and
pyrimidine, and plays a key role in biosynthesis of arginine and pyrimidine and its derivatives in
microorganisms. [Objective] The synthesis of carbamoyl phosphate through different pathways was
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investigated and compared in Escherichia coli BW25113. [Methods] Ornithine carbamoyltransferase (OTC)
was overexpressed in E. coli BW25113 as a carbamoyl phosphate detecting system. Then carbamate kinase
(CK) from different species or carbamoyl phosphate synthase II (CPS II) was overexpressed in E. coli
BW25113 to enhance carbamoyl phosphate biosynthesis. These two carbamoyl phosphate biosynthetic
pathways (CK pathway and CPS II pathway) were then optimized by adjusting substrates supply and
introducing L-glutamine synthetase. [Results] A carbamoyl phosphate detection system was established in
vivo by overexpressing OTC in E. coli. By overexpressing CKs from different species in E. coli with OTC,
the carbamoyl phosphate biosynthetic pathway was enhanced, and the results showed that CK from E. coli
was better than the other two, which produced 2.95+0.15 mmol/L L-citrulline in 9 h whole-cell
bioconversion. By overexpressing CPS 1I in E. coli with OTC, the carbamoyl phosphate biosynthesis was
improved, and 3.16+0.29 mmol/L L-citrulline was obtained in the whole-cell biocatalytic process. The CK
and CPS II pathways were optimized by changing the concentration of substrate NH;HCO; to 100 mmol/L and
introducing exogenous L-glutamine synthetase (GS). As a result, 4.67+0.55 mmol/L and 6.12+0.38 mmol/L
L-citrulline was achieved by strains with CK or CPS II pathway respectively. After the optimization of CPS
II pathway with overexpressing GS, extra addition of L-glutamine was not required in the reaction system.
[Conclusion] Biosynthesis of carbamoyl phosphate was improved by constructing and optimizing the CK
synthetic pathway or CPS II synthetic pathway. CPS II pathway with introducing GS is better than that of the
CK synthetic pathway in respect of carbamoyl phosphate synthesis, and provides a more efficient strategy for
the synthesis of arginine, pyrimidine and its derivatives.
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PR 5 Ik FE % #2 Jiff (Ornithine  carbamoyltransferase,
OTC) ] LU A 24 F It R 55 5 2R S W A= Bl L-JR
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A= ) A5 v BB AL & 9 1 AR T AR s HLA T
B2,

R 1 AR ETAEIR BRI E IR

Table 1 Plasmids and strains used in this study

1 AR5 E®
1.1 ##Y
111 BRI R

KIGFF i (Escherichia coli) BW25113 Fkk, J&i
#ipLB1la Fl pSB1s 34 4 v E B2 B il 2 MU 92 BT ik
A AP S A TR S L = R . B
(A R BRE L% 1, kAR il FH 9 5 | 9 L3k 2.
1.1.2 FERFIFLE

LBl i B b1 2 B B 2 R A PR |
HHEZSATNHFERWA Amresco A rl; ikl
I PR G R B 2wl BRI A DG . Gibson
4 R S0 [ NEB A H] ; SR DNA B4
Bl 5 KIAFFE T1 sz 80 A e X4
FARARAF ok MEGR & 524 DNA $##
BULH & B Omega 24 H]; PCR Friy 5| ¥4t
SR EYIRHA R A A

TR RO AR 475 (HPLC){SU T B HE A 7] s PCR Y
)+ Bio-Gener /A#); DNA FUIBMHEER KIS

[ kA FHEHA IR

Strains and plasmids Description Source
Strains

E. coli BW25113 laclrtnBrisAlacZwyi6hsdR514 AaraBAD anzsArhaBADy p7s [24]

- - .

E. coli DHSa. Z};j)jgg FZZZI?%LS A(lacZYA-argF) U169 endA1 recAl hsdR17 (v , my ) supE44\-thi-1 iz

ECFI E. coli BW25113 carrying pLB1la-yahl and pSB1s-argFI This study

EFFI E. coli BW25113 carrying pLB1a-EfarcC and pSB1s-argFI This study

LLFI E. coli BW25113 carrying pLBla-LlarcC and pSB1s-argFI This study

ABFI E. coli BW25113 carrying pSB1s-argFI and pLBla-carAB This study

GSABFI E. coli BW25113 carrying pSB1s-argFI and pLB1a-glnA-carAB This study
Plasmids

pLBla 16k origin, araBAD promoter, Amp" Our laboratory

pSBls repA origin, araBAD promoter, Str* Our laboratory

pLBla-yahl pLB1la containing yahl gene from Escherichia coli This study

pLBla-EfarcC pLB1la containing arcC gene from Enterococcus faecalis This study

pLBla-LlarcC pLB1la containing arcC gene from Lactococcus lactis This study

pLBla-carAB pLBla containing carAB gene from Escherichia coli This study

pSBls-argFI pSBI1s containing argFI gene from Escherichia coli This study

pLBla-glnA-carAB pLBla containing glnd gene from Bifidobacterium bifidum and carAB gene from Escherichia coli  This study
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Table 2 Primers used in this study

Primers name Primers sequence (5'—3') Size (bp)
EfarcC-F CATGCCATGGGGAAAAAAATGGTCGTTG 28
EfarcC-R CCGCTCGAGTTATTTTGTCACAACCGTTCC 30
LlarcC-F CATGCCATGGTAAAACGTATTGTTGTAGC 29
LlarcC-R CCGCTCGAGTTAAGGAACAATTCTTGTTCCAC 32
yahI-F CATGCCATGGGCAAAGAGCTTGTGGTCGTTG 31
yahl-R CCGCTCGAGTTACGTTTTAATAATATGAGTGCCC 34
carA-F ACAGGAGGAATTAACCATGGGTATTAAGTCAGCGCTATTGGTTC 44
carB-F TAACAGGAGGAATTAACCATGGGCCCAAAACGTACAGATATAAAAAGTATC 51
argF-F GGGCTAACAGGAGGAATTAACCATGTCCGATTTATACAAAAAACAC 46
argF-R TTAATTCCTCCTGTGGCTGCTGCACTCACTCCCCAAGCGTTGC 43
argl-F GTGCAGCAGCCACAGGAGGAATTAAATGTCCGGGTTTTATCATAAGC 47
argl-R CACTAGTACCAGATCTACCCTCGAGTTATTTACTGAGCGTCGCG 44
glnA-F CACGCACAGATCAAATAAAGGAGGAATTAACCATGGATAAGCAGCAAGAGTTTG 54
glnA-R CACCACTAGTACCAGATCTACCCTCGAGTTAGAGCTTGGGCAGGTACTTCTTC 53
BAD-F CCATAGCATTTTTATCCATAAGATT 25
BAD-R GTTTTATCAGACCGCTTCTG 20

A KU T Bio-Rad A Fl ;5 BER R RSG5 06 T
KEEATE ;. W A B HSEVA R S
1.1.3 EHxE

LB Hi77 5 (g/L): &AL 10.0, BEEHHIEDY) 5.0,
M 10.00 T LEmt L aoin A2 B 50 mg/L 4
2 100 mg/L HEHEE.

2YT i i (/L) EALEN 5.0, R AR 10.0,
BEHWR 16,00 Ty p H AP ALK 50 mg/L 5
B 7 100 mg/L A NHRHR.
1.2 A&
1.2.1 DNA ZE 54k

FEHNZH DNA 55k DNA A932HL, PCR 774
alifb A &% DNA P [l afifb ¥ di B AR R 0] £
PR UL T
122 FikFRBIEE

PUIFEE 25 I BR R (Enterococcus faecalis) FLIR
FLERTE (Lactococcus lactis)'5 K T 7 (Escherichia
coli) B HsiA , 43 AR5 1Y) (G- 2)i#1 T PCR
P, AR 3 PSR G Y I R B 1) G i i
3N EfarcC (Gene ID: 1199007)  LlarcC (Gene

ID: 1115710)1 yahl (Gene ID: 944984). PCR X
MAKZ (50 uL): 1xBuffer, #tiz DNA 1 ng/uL, 1E.
S5 9145 0.5 pmol/uL, dNTPs 0.2 mmol, FastPfu
A4 2 U, PCR W25 98 °C 2 min; 98°C 30s,
56 °C 30's,72 °C 1 min, 30 MEFF ;72 °C 10 min;
25 °C 5 min. 4 bk 3 IR 5 Bod ) T4 820
43R pLBla BRI Neo 15 Xho 143 2 1A],
HAbZ E. coli T1 1275, H BAD 59Xk 2)iF
17 PCR i HIEELAL T, W BRI LTI Bk A
WFE, P25 AIEes, 1580840k pLBla-EfarcC.,
pLBla-LlarcC I pLBla-yahl.

PL E. coli BW25113 JER 4 AsiA , FFEES 19
(F )T PCR ¥ 1 ([FIHY), 153 E. coli SR
IS RS g i L N argF (Gene ID: 944844)F1
argl (Gene ID: 948774), K HaAT I 2 H IERAER A e
11 3 cardB (Gene ID: 949025, 944775), FH Gibson
0 GEH 2 Uk 2K pSB1s #% pLBla ¥
Nco 15 Xho T i s5 22 (0], #% b iRAH [R5 v 0 21
Y IERf ISR, fi744 N pSB1s-argF1, pLBla-carAB.

DA BZ XIS #F 1 (Bifidobacterium - bifidum)FE
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A, ARG 197515 PCR 9 ¥4 (RlRT), 551
FHIN A LA BB 4 i 3£ 5] glnd (Gene ID: 9888687),
1 Gibson %46 A E pLBla-carAB ) Xho 1 i
4., 1533k pLBla-glnA-carAB.
1.2.3 EHFEMKE

¥ pSB1s-ArgFI itk pLBla-EfarcC, pLBla-
LlarcC. pLBla-yahl, pLBla-carAB #l1 pLBla-glnA-
carAB ik HFA AL 855 bk 9 L 2= E. coli
BW25113 (/&2 , 44 EFFI 2 GSABFI — &
YN ERE, IR 1.
124 2YT 5 5iES

WK R E A R RN T LB 3G s,
37 °C. 200 r/min ¥53% 12 h A8 F 7, B HHH
PRFIFIR L 1% RT3 20 mL 2YT HigRdt,
37 °C. 200 r/min 5535 2-3 h, MR FE ODeoo YK
WEIAF] 0.6+0.1 B, fIIA 20 pL JBifE 340 20%0
L-FTHAAE S A, 30 °C. 200 r/min S 12 h.
1.2.5 SDS-PAGE IGiE

e Bk 2YT 535 A TR, DL ODgoo N
10 AW EEET 1 mL 20 mmol/L Tris-HC1 (pH
7.5) 0 BRI L 200 W SRR A R REGRE S 3 s,
[P 10 s, EHFK 6.5 min)f5 13 000 r/min #.0> 1 min,
B 20 pL F3E%% 5 20 puL 20 mmol/L Tris-HCI H A& 7T
TEWAAR, A3 ASERFRR 2x 88 1 B ARZE MR,
100 °C & 10 min, 43525 W i SUTEE A
fis TRV HIE , 13 000 t/min 2.0 30's, B 5 pL
EREN EREJEFT SDS-PAGE, SDS-PAGE 4555 H
el R-250 Jeaiidets 0.5 h, RS 1-2 K
RN N R g B Tl U
1.2.6 =MAEfEL

WAE B3R 2YT 704355 3 a B iA, FAEBRER K
PRI 235 , L ODgoo N 20 B FE B2 T R I
30 °C. 200 r/min 2Z0fiEfEAL 9 ho A24HM AL SN
WALHE: 30 mmol/L L-Z %42, 5 mmol/L MgSOs,
45 mmol/L #j%§4# , 50 mmol/L NH,HCOs, 100 mmol/L
Tris-HCI (pH 7.5),
1.2.7 HEITELE

SRR, 13 000 t/min 2.0 1 min, B

TR 10 f5E T 2,4- RSSO (DNFBYATAE
7E 1.5 mL EP &Il 100 pL i B e FE i v
100 pL 0.5 mol/L NaHCOj3, 50 uL DNFB 74 71(1%
DNFB Z 5,60 °C KW 1 ho i), 1] 1.5 mL
EP & A 750 uL 0.01 mol/L KH,PO,iR%), H
0.22 pm JEMEEE I DNFB fiiErEsh, HF
HPLC 2 JEFR
1.2.8 S EBZHY HPLC

HPLC il 23/ fT 3%t Agilent-XDB-
C18,0.35 pum, 150 mm #1 ; #5254 90% 50 mmol/L
LBRENS 10% M5B 15 min, Z )5 ZHEH ERERE
N3] 50%, 50 mmol/L ZERENIEZE 10%, HATAIK,
Y4 2 min JERREEVKE W0 LB, BT 35 min;
FEIR 30 °C, BAEEA 10 pL.
2 HR54560
2.1 SRR MR A E

KIGHFF A AT (1) 2 TP e R v B2 AN
L1 5 1 24 Y IR IR 7 B Tl (O T C) ) ikt 2 AN
W ARG ST o O @ R LN R 1
B RURTEI AN [N 1 il A 24 Y I R A i
B LA S 1R 5 R & LR R 134
BV 58, A RENE R H A R R R 1Y A
B (] 1) KIAFFEI OTC & = RIKIE, M
2 FORTE AL JE ArgF Fil Argl ¥R T 4 Fi S {2
s (FFF, FFI, FII #1 102, B IRA TR &4 K
WFFE argF 5 argl WKL pSBls-argFl % A
BW25113, fERMFFEE I RIE OTC, WESH
24 Ik ol IR AG I ASE e 1 7 4 R PR FT. AN 2B s
1 #3k OTC J&, BFE FI REMS S et o A1) i 2 F
MemsmR, Sdnifufifb)s It LN & s AH i A
Bl E. coli BW25113 #2754y 0.2 mmol/L, ik%|
0.80+0.15 mmol/L,

22 SHRBBRASNERETEEFRHEN
i ik

S ER TR (Enteococcus faecalis) . FLERFLER
W (Lactococcus lactis)5 KIGFFE (Escherichia coli)
SRR Y B B R TR (CKO) g B 3 (R (CHErp R AT
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NH, HN"~0-P—OH

Glutamate  Glutamine

\ / 2ATP

ATP \ °
HCO,~ ‘ Carbamoyl phosphate I HCO;~

CK

OTC

i <]

CPS 11

/— L-Ornithine

L-Citrulline

B1 =EEMBBRHARS MRS L-INRERE MR

Figure 1 Different carbamoyl phosphate synthetic pathways and L-citrulline synthetic pathway
e CK: 2L IRMN; CPS II: AW MRS NI OTC: Shadlad I FE A,
Note: CK: Carbamate kinase; CPS I : Carbamoyl phosphate synthetase II; OTC: Ornithine carbamoyltransferase.

B yahl 5 CK KAUE AR, 7354 g5
#L pLBla-EfarcC ., pLBla-LlarcC Fl pLBla-yahl. ¥
FIRBURL I A TR FI b, 153 EFFI. LLFI #1
ECFI3 MREH Rk, HARKIFITIHEFREGH
SDS-PAGE HLUKZE R B R 3 FoRIEE CK ¥7E K
FFEAH S8 T AT PR A (F] 2A),

WEE TR, % 1.2.6 Frd kit 4
HufiEfl, HAp RO RIMA NHHCO; /B8 CK
R . SO ek as RanE 2B Fs, SRR

A EFFI LLFI ECFI FI

S P S P

FI A, ¥k EFFI, LLFI #1 ECFI () LR &
WA T EFE, UER 3 BCRIER CK AT LA A
AWMBEERR . Hh KT # 52 ERE R CK i
ek Rschy, #4L 9 h 5, ECFI Ml EFFT E#k4)
WAL T 2.95£0.15 mmol/L F1 2.71£0.30 mmol/L
L-JRZ B2 , A He % BR B FI 23 B340 T 2.15 mmol/L
A1 1.91 mmol/L. LLFI F#kfEfLRICRE2E, AdE
BT 2.39+0.24 mmol/L L-/RE R , FHELEFE FI 340
T 1.59 mmol/L.

L-Citrulline (mmol/L)

BW FI EFFI LLFI ECFI

B2 SDS-PAGE ##iREIRIFE CK MIEARIK(A) SHEILAE T LLE®B)
Figure 2 SDS-PAGE analysis of expressions of CKs from different species (A) and comparison of catalytic capacity of

CKs (B)

. A: M: Marker; EFFI, LLFI, ECFI I FI EARAGTEIE WL 15 S: 4t Li; P 4UIBERRUIIE. B: SAUMALR N R

&4 50 mmol/L NHHCO;, HAYSRMS 1.2.6 —3%.

Note: A: M: Marker; See Table 1 for details of EFFI, LLFI, ECFI and FI strains; S: Supernatant; P: Precipitation. B: The whole cell catalytic
reaction solution initially contained 50 mmol/L NH4HCOj3, and the other conditions were consistent with those in 1.2.6.
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23 HEEFPMBEKS
FRAEL 5 AR

Vil E. coli BW25113 [H(CPS 11)%whid 3t A
carAB, ¥J#FRL pLBla-carAB FF7EF#k FI FhiffT
A, W ABFI APk, B4R ABFI#H17
53511 SDS-PAGE HLyk, 7E SDS-PAGE HL k&
| 40 kD (CarA) 5 120 kD (CarB)ibFE 3B i AT I5 26
F 451 (B 3A)  IEBT R FF Y CPS 1T il 3Rk,

T 2 P R R S B 1T TR RN L-

AEEIL(CPS IHERE

AEBEmAE NHs, FrROE AL -h NHHCO;
PR R ) L-4¥ S iS5 NaHCO; . 45 R UKl 3B

BN, KIGFFE IR CPS 11 (CarAB)FIFH L-4A 4
PP A by iz P IR TR 1) 2 BRI, 4 2 A £k
9h AW T 3.16+0.29 mmol/L L-/RERR, HHLxTiE
FI (1.7240.15 mmol/L)}¥4 /%y 1.44 mmol/L, #&
T 83.72%.

24 FEHBRIMEZEIFEHHBES
e Ed=0) XYL TRy A

2.4.1 SEBESHESIRE NHHCO; SR E 1L
TEFEIMEIT MR ECFL EaE B, 441

REg 1T

ABFI Fl

1 H? 3
u

L-Citrulline (mmol/L)

[a—
T

B 3 SDS-PAGE ##7 CPS I BB RiX(A)SHELIREB)

1k NHHCO; BIWIAR MR 50 mmol/L 3 fin %
200 mmol/L , & F{E 100 mmol/L NH,HCO; 41T,

Ptk ECFIL 7™ L-/RNE A EIIE(H 4.67+0.55 mmol/L, 4
50 mmol/L NH,HCO; 5514 FH/I T 58%. 24 NH4HCO;
WL 100 mmol/L I, L-JIZ R ™ I R
i, FOmA PR E 4). FIERA 100 mmol/L
NH,HCO; 1E8 RIGH FERIE CK WP Hh

BiE
242 S HEBBESHEEILREZESIN L- 25 B
&R

M T CPS 11 A L-4% Mt G iz P e
MR EM, 25 - 2Bt 2 AR Y LA &R
Bt LA LA 2R A9 I8 RAUE CPS 1T Rk
B R L 225 . IAEBI#R ABFI A
2215 | ARG XUS; #F B8 (Bifidobacterium  bifidum)
PR -2 A Wi A B (L-Glutamine  synthetase,
GS), HH bk GSABFIL, {EJCHLE NS TR &l
Y L-B AR L2, eIy L-
B AWM . 25K SA Fow, 2diliufift
9 h, itk GSABFI 550 T 5.95+0.45 mmol/L L-JNZR ,

BW

ABFI

Figure 3 SDS-PAGE analysis of expression of CPS II (A) and catalytic effect (B)
1:: A: M: Marker; ABFI Al FI ARIITENRE LR 15 S: AUIERE HIE; P AIMIRLHRTINE. B: 2AUMUEIL SO HI4R A 50 mmol/L

L- A2 Wi, 50 mmol/L NaHCO;, JG NH,HCO:s,

HAKMNS 1.2.6 —F

Note: A: M: Marker; See Table 1 for details of ABFI and FI strains; S: Supernatant; P: Precipitation. B: The whole cell catalytic reaction
solution initially contained 50 mmol/L L-glutamine, 50 mmol/L NaHCO; and no NHsHCOs3, the other conditions were consistent with those

in 1.2.6.
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L-Citrulline (mmol/L)

0 50 100 150 200
NH,HCO; (mmol/L)

E4 NHHCO,KE X E % ECFI & B S B 895200
Figure 4 Effects of different concentrations of NH;HCO;
on synthesizing carbamoyl phosphate by strain ECFI

T RIS DR TR & 0-200 mmol/L NH,HCOs,
AR AFIN 1.2.6 FTid.

Note: Concentration of NH;HCO; contained 0-200 mmol/L in the

whole-cell biocatalytic reaction mixture, the other component were
consistent with those in 1.2.6.

HHEEAR T Fk GS AU FE ABFI (3.86+0.31 mmol/L),
L JNE R R T 54.15%. SEIRIEN, ik
GS TR RSE CPS 11t A i F B IR L
R LN RIS R I LR Bk B 1Y)

—
(=]
—

L-Citrulline (mmol/L)
S = N W AR N O

GSABFI

FI ABFI

P

H T GS AT LML A 2 5 oLz & il L4324
Tk, PR AT BEAN T BN S Inaet 2 1 L3 2 ke
RIAT S S N s o 7EZERF 50 mmol/L NH4HCO;
ISR, B D INE L 2 B 0 i,
Kl 5B F7R, SRR, WA LA 2B,
FIPk GSABFI {/57] L&, 5.73£0.44 mmol/L /i L-
JNEPR, SHIEREIN 50 mmol/L L-4 & Bt i) —2H
(5.95+0.45 mmol/L)JC i 2 25 5 . 45 ILRH, 5|
A GS, &l LA EIRIE GS fEHI M AL L4
M, (Hniaks:, HILRGEH TR L4442
P o
25 SERBRYBERSESRMBRAIEIIE
ZHILLE

g FIRFAIAIG , HRAE S S BRI A
&%) ECFI BbES RAE 2 BEBE IR & B 11 &2 1Y)
GSABFI I T T RGN HAL . 45 RN 6 s,
TEWILE VRN 50 mmol/L NH,HCO; I S44ET , X BE S
FI 1 L-JRNZBRHE N 0.80+£0.15 mmol/L, ECFI &k
A 2.95+0.15 mmol/L., GSABFI 4 5.73+0.44 mmol/L;

5 25 50

L-Glutamine (mmol/L)

—
(=]
1

L-Citrulline (mmol/L)
S = N W A N 0O

0

5 SIAFIENIEIFERIE GS 3 CPS TiEIZEMZM(A), LEEMR L-&RELAZ RN E X E#% GSABFI B%

Mg (B)

Figure 5 The effect on CPS Il synthesis with the introduction of GS from Bifidobacterium bifidum (A), and the effect of
reducing the amount of L-glutamine on the strain GSABFI (B)

T A RAMAEILSNAILGASIN 50 mmol/L L-A32MtHE. B: AL NP 50 mmol/L NHHCO;, L-#3441tH K 0-50 mmol/L.
HARRAIES 1.2.6 —2L

Note: A: The whole cell catalytic reaction solution initially contained 50 mmol/L L-glutamine. B: Concentration of L-glutamine contained
0-50 mmol/L in the whole-cell biocatalytic reaction mixture. Remaining reaction conditions were consistent with those in 1.2.6.
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L-Citrulline (mmol/L)

FI  ECFI GSABFI FI  ECFI GSABFI
50 mmol/L NH,HCO; 100 mmol/L NH,HCO,

Bl 6 MMEMEREHBIRIEETALR

Figure 6 Comparison of two carbamoyl phosphate
biosynthesis pathways

TE: BRI INA K NHHCO; #EME PR, HAk
PHn 1.2.6 BR.

Note: Concentrations of NH4HCOs in the whole-cell biocatalytic

reaction mixtures are shown in the figure, the other components
were consistent with those in 1.2.6.

555 B FI ARG, ECFI @RS T 2.15 mmol/L,
1M GSABFI #3817 4.93 mmol/L, J& ECFI [
2.29 ¥, 1ER)IR NHHCOs Y2y 100 mmol/L 1], 5
XTREPE FI AHEL, ECFI BRI L-/RZR & g hn 1
3.84 mmol/L, i GSABFI I T 5.29 mmol/L,
J& ECFI PR 1.38 £, #ECKE, %Kik GS A
(14 %2 P iR A A A2 1T, B GSABFT BAR A K
A TR I A5 1 o
3 wWihE4R

AN REEIRE T 2R 5 e N AT A=)
(R [T, T 22 R T A IR 114) A2 1 o SR HE T
U, BTLAE M BEREIR (1) G BUR A Y6 i iR ) ot
G R. HETERUAEY A AU, FXARER
A LA RS LA M HGE A XD . AR5
TERWAFF Y, X2 R & iy CPS 11zt
CK A= TE MK -2 T 1 AR FE ARG
fbo BATAFEABER CK 7t £E R, B
BRI FLRRFLERTE 5 KA 3 Fikiiny CK ¥a]
MM NHHCO; A U P BEEIR . AP Rk
BRI RIS yahl (JEHERTRR CK 2R
1 5 RO B S i 2 1 5T CROVE I, T HLS

PRI CK AH L fiEARTE J1 84T 3 3RIK yahl
(ECFI &%), L-JR2dle - arddm 2.69 15 Mtk
JIK4) NH4HCO;, ECFI TRk LU AR AR L-/ N2 R i
P 4.63 15, 1958 CPS ILiR12H9 ABFI BRI
FI (Y L-JRERRIEHN T 83.72%. 7E CPS 1 fifkigts
A5 | A PRI SUR AT R VR Y L4 S A i
GSABFI Ftk, #F—Aedk T2 F IR, LR
FEE 3.86+0.31 mmol/L 42551 5.95+0.45 mmol/L,
ET 54.15%, CPS IIifbad b r=A: &l =4
L-W & RAE L- A 2 e & AL N RO,
PUINE R ety L-S &, Bmi L-
BRAMRE LR, R UEA B iR, 2RIl L-
IR N (AR, 5IA L-AEBE &
RS, L~ 24 I e vie T DA R AR 22 TG 75 s n (&
5B), GSABFI BE#AGHLXTHEEE FIIIN T 5.90 £%, ff
CPS &5 CK iz —HEd FHICHLZ . HCO;5 LA
R A= 1Y) ATP 4 i TP BERR IR .

AETFAWR CK w2 cpS L@ NA
Al R R I CPS 1R AR a4 U W BRI
A PR B B S A &%) CPS 1%
PRI , AT DA AR Mk B B ) L4324
ez A e, B L-A W (N B s 2
BCA A F 2 B IR A BB T, iE— 2P HE
CPS I i&f A B B IR 1 R50% . X T R IR
EWF T, AR AR . e N HAY
VIR .
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