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AW R R I A A B2 R 6 7K 20 B AR LA
AP RIS g% AR 37 15 1T, BRI X SE A W)
Jot m] fE A VR D

1 MoRAeT %

L1 ##
1.1.1  F E R 5 &5 £ 5 ( betaine ) , JIH i
( choline  chloride ), P #FF W ( L-carnitine

hydrochloride ) , —FF £ H &R (N, N-Dimethylglycine
hydrochloride ), Hl 2 B& ( sarcosine ), %2 4 &
(serine) , i & 2 ( L-proline) , 2 & & ( glutamate ) ,
H1 4 2 % ( L-methionine) , Z {4l (acetoin) , Y%
B Cectoine ) , H 2 M (lycine) , 45 %0 R It %0 i (1
Glutamic Dehydrogenase ) , 4 Bt f& g 12104 — 3% 4 B8
(B-Nicotinamide adenine dinucleotide hydrate) , A &
T K P e R P A — A% R ( B-Nicotinamide adenine
dinucleotide, reduced dipotassium salt) ¥JIf-F United
States Sigma-Aldrich /A &) ; BCA {5 & ¥y F Thermal
Scientific 23 ] 5 {4, 4l B, (435 4l £ 8%, (435 4l &
525 A T8 Merck Hr ]
1.1.2 B % : Methanolobus psychrophilus R15 Sk ZX 52
5% o B FORAT o
1.2 E# R15 ByiE3

DL 220 mmol/ L) = H ey i I 45 5% R15,
B3R T B35 05 vk 2 I Zhang 25 K4S S2 86 69
TEAN R RE R 15 5%
1.3 4R R &P EI 2B

Wss 37 2= % B0 0 WY B T By SR 40 mL,
5000 x g &5 .0> 10 min W £ B 44, F 300 mmol/L NaCl
8 mL¥E% 10 IR, 5 & bead-beater 45 /1, i1 A1 mL
70% B £ BE Ol R OH A2 8 0.1 mm Y BE BE B,
4600 Hz 10 s 3 ., 4RJ5 65°C /K10 min, 13400 x g
25010 min, 0. 22 umPE AR U8 L E IRAS A0 N &
PR
1.4 Z0a R 2% rp BB A0 S S i B 42

H70% £ T DA I P SR IO 25, 3% 1 200 [
B Z & , FF LA B GR350 b5 4 it ok iR A
P e 280 W AR € 3/ = DO AR AT AR IR BT 9% Bk AX
Agilent 1260/6460 , 5% H] IF & + . 2 [ v W I 45 =X
(MRM) # 17 %€ & 53 Hr. 3% A 4 Waters Xbridge
HILIC (3.5 pm) w80 AH K £ 5 3 10 mmol /L iz

B (pH 4.0) By 7K 86 B2 WE M, Y 0. 35 mL/min,,
1.5 HIRFEZ2MHRN

FHE 25 KA B T A ke U 2% F C18 1% GC-14B
AYACH 4335 (Shimadzu ) £ 90 R15 7 28 19 W LGe . T
2RO KRR S0°C, BEAE 1T 80°C, A I £
130C ",
1.6 #HRERKSEENEN

FZ N 2% W 100 mmol/L Tris-HC1 (pH 8.0) |
37.5 mmol/L & & #8. 1.1 mmol/L NAD I
0.8 mmol/L ADP, 4 4% 24 % JIit & Wl FH W75 7K 7 B¢
1000 f%, F 4°C A = & o B0 L4k g F5 B o
AL 6 mLI N 2% il f5 ic sk R 46 520 minf5 0Dy, ,
HE S,
1.7 AREATE

FH1 mL 70% & B 40 mL3% 572 (0% 4 A i
T, H50 pLjin A950 WL ZE K IR 21 1F A Fr DU RE o
BRSO WL A3 0 B i A 392 WLk 71 & buffer A Al
8 L buffer B,37°C /K& H £ 4730 min, Il & 0D, ,
R 25 119 3 o o il 2R T B A0 I B R

2 X

2.1 RBEFSHRISREESHWIHEHE, ML
MO BESHHEREMBERMPNRAR

TR B B e R LA KR AR VR R
BT, AR RIS 76 DL = B e (48 4k 20 mmol/L) 2y
TS 1 15 35 36 v 43 B 10°C F1 30°C K5 55 Wi 4 %t
BRI B AR, 52 A ML N 2590, 43 T 15 48 346 1o A %
AR LA 25 4 o o 205 SR & B, 10°C 3% 77 14 40 i wp
B & ik O 23 ng/mg 4 B 1, BT R BRE N
10. 88 ng/mgi i 2K A 5 1M 30°C 55 37 A4 41 Jifg A AF 6
(5% 5 4 52.92 ng/mg 4 g 25 (1, B SR G & R
1.78 ng/mg AL FE (1. w] WA T 40 A P9 S0
TR LG i 55 52 0 5 24 6 A 1 BELGR 5 5 T R TR Ok
e TS0 S RIS (V8 8 WA 5 .

K17 A0 S 0 R T A B P R R Y
Yy, BRATTHG AE 30°C 5577 (1 R15 it 450 v 3] A v S
WIBE SR 0 B HCE T 4CHEAT R M a b B S5 R
F 1B FER a4 F4 h 3024 b X #1040 g
SRR TR TTAA O WY 50 £ 598 A
Ak B ) XoF 50 F 0 A B e BELA 5 e BA  E T (RT K 0
BE 9 A% ), T S Bl — AL TR Ko 3 U B X
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BRI A0 B AE v a8 T 3 2R IR, 1T X 28 b 1
YR AE VS 0 05 F 2R R SR, R HE DU AE R15
Hh T BE AT L IR RSB A
R 1.4CHIMELIE RIS FRATREHN
BE &R 08 3 (ng/mg IR H )
Table 1. Accumulated choline and betaine (ng/mg cellular

protein) in R15 cells upon cold shock at 4°C for various hours

Mid-log phase Post-log phase

Cold shock/h

Choline Betaine Choline Betaine
0 7.81 1.33 12.35 0.42
2 11.27 1. 80 6.62 0.25
4 23.89 6. 50 5.09 0.20
12 19.08 30. 26 57.31 0.24
24 8.52 67. 06 112.85 0.41

2.2 {Rit RIS RBAKNEUEITYR

R AT 1 F7 S v T3 b 1 B0 e 7y 7R RS
206 Jf R 2R i A IEL B, A S0 AT A I R SR
AELGR LA B HG At € R0 B 200 T AH AR AH 25 990 J5T % R15
AR A K A B 1 o 78 5% 3 35 v 43 ) T m 244 9k 2
A1 mmol/LKY 8 Fh it (4 2) , # RIS 7 il £ 57 75
4°CH18C , [Al I, Sy 1 Fo A BT o5 i i) ) Joa % R15S
M0 AR RT, FATTTE b3k B 5% Bk vh U3 i 24k &2
500 mmol/LAY NaCl, 7 18°C #% 3%, ol & ik
B AR B A AR R I S0 H 2R L LA
IR D WE A DA B (R R B AT B8 O T AN R
(R S VR HT L R A 2 R AN T =R R BB P08 3 T

ERI(F22) o

RT3 HT I e TR i RS IR AR K R B iE
WL, T AT AR B 3% B b 23 ) B T 1 mmol/L,
5 mmol/LAN10 mmol/L ) IH B . & 2 08 . H & R . &
AR D 2 I A PR R, SRS AR RIS A9 4°C AR K
2k, 7 H3A W) b B B SR g AR, SRR 3
JIt 7, ISR B R0 DO A E BE A ok R T L fE U RIS
PR AR Tk A R P A5 2R A A 07 364 5 5 T BE 6 A T =R 7Y
R 2 FERCRAET mmol/ L 4f s ZAB IR -5 N 35 58 7E
5 mmol/ Lifk B i {2 A% Ik AE AR o 15

2. X RIS RBMEMESEEMEBREGRIPIER

B LB B R
Table 2. Compounds that act as compatible-solutes

and cryoprotectant for R15

Stress protection

Supplement

Osmostress Cold stress

(500 mmol/L NaCl) (4C)
Glycine + +
Betaine + +
Choline + +
Methione + -
Carnitine + +
Ectoine + +
Acetoin + +
Proline + -

+ : doubling time was shortened for more than 15% than the blank
control; - : doubling time was changed less than 15% comparied with
the blank control.

x3. EREREMUETYWRE RIS 4CEFMHEIGEE (d)

Table 3. Doubling times (d) of R15 growing at 4°C supplemented with various concentrations of the compatible solutes

¢(Supplement) /( mmol/L) Choline Betaine Glycine Acetoin Ectoine Carnitine
0 40. 02 40.02 40.02 40. 02 40. 02 40.02
1 30. 35 39.48 29. 47 34.69 39.50 34. 64
5 32.75 33.69 32.68 28.51 33.34 31.90
10 34.49 30. 35 31.97 36.34 30. 54 34.86

2.3 SMEMHEMUEEY R RIS 4458 A 3 326 F0 8
AR ER M

FE RIS BR324 578 1 mmol/ L22 4 1%
HEmR WU R P 3 H 2 IR A &, 5%
10 mmol/LFH 6 , I K H 43 5l 7E 10°C F1 30°C 5 77
Z BRI AE I (0D, 4 0.6) , $RELN W) K
0 e P AR L S A 0 i S5 IR E B (K 4) 4
TR (1% T AT S e R e AT AR A0 A P AR

S UL X 2 A T B R AN R s B .
10°C T RIS AR 6 ABLF- bE 30°C (19 51 £, i 4%
WOARBEAE 30°C i F 10°C, i — 25 150 B S i 14 IS i
PRAPVET o 10°C 5 3% 9 vh s i H 2008 | 1A 75 B T
SO AT 4R v 20 P R ) A BN B 2 A% W i H A
F2 | FR R R R A 7 e e R v SR A R
2 544 . X ULIIRIR T RIS & B UAH 259
5 T S R L ) T T BRI
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R 4. R EF 04 33 B P BB &R A B SR ARAR R
G0 (ng/mg AMER)
Table 4. Effect of different supplement on cellular

levels of choline and betaine (ng/mg protein)

Choline Betaine

Supplement
10C 30C 10C 30C
- 23.56 52.92 10. 88 1.78
Serine 16. 31 56. 82 2.97 3.50
Glycine 42.23 43.18 25.57 2.17
Sarcosine 20. 04 105. 59 4.54 18.55
Dimethylglcine 19. 68 44.83 25. 66 4.54
Betaine 35.21 90.18  2512.28 1115.72
Choline 481.45 12792.02 0.77 2.39
Carnitine 41.02 50.09 18.27 0.68

" The final concentration of each supplement was l1mmol/L, except
10mmol/L for betaine.

2.4 FHEWEBROUEFTY R EBHEERESEME
A
ARE RIS B AR LA 28 9 ol e A % PR 9 A

(A) 12

>

GDH enzyme activity/(mol/ug-h)
[o)}

(

=

GDH enzyme activity/(mol/ug-h)

2 4 6 3 10
t/h

B 1. HE@#EHE, BERENH S8 GDH iR E R iHER
Figure 1. Improvement of the cold stabilization of GDH by glycine betaine
(A) and choline and glycine (B). The enzymatic solution supplemented
with various compounds were incubated at 4°C for 10 h and then the
enzymatic activities were determined at 2 h interval. W, supplemented with
20 mmol/L glycine betaine; A, supplemented with 200 mmol/L glycine
betaine; X , supplemented with 1 mol/L glycine betaine; [, supplemented
with 200 mmol/L choline; A, supplemented with 200 mmol/L glycine; @,

no supplement.

FARL, FA TR T 50 B A v 00 A 208 B A8 &R
Bl s B (GDH) fEh X 4. K EE A 205
20 mmol/L 200 mmol/L 11 mol/L ¥ &t SE 5, LI K
200 mmol/LH Z 2 MH G 7 4°CWE & , 42 hia) g
L) S T P 9 P 5 e AR T Ak B R M E 3 A
RLAH 254 B0k Tl 1) ARG TR AR R VRS2 45 2R R (]
1),3 Ffysox GDH A9 AR A5 7 Ve 3 A7 PR3 AR T
1 H X Rl VE ]S R SRR Mk R A G, S
1 mol/LEHZEWATE 4 CIFE24 hjg,GDH {H{# & 50%
L A TG AN Al S 80 A XF BRAE 4°CiEF 24 h
JE K A BB o 5341 ,200 mmol /LB X GDH £
FEPEOR B F B I i T[] e R ) S e A T R
TE B %5 N 200 mmol/LAH A I 4°CHFE24 hi5,
GDH {5{# 8 > 70% H g% . X £ W5 H &6
T 1 ¥4 A A AR R A U 25 4 i ) i o 1o
PR A BT RS 1 T A X HY e ol R R Ve DR A AR
Mo

3 it

ARBI AT 25 9 T 5 400 11 D A0 MO S e £ 1 3 9 o 9%
KB AR BT B TR A e BB AT 20 i X 470 v 7
A AR o SRR R 2 W 5 AT R A 0 ¥
Be i T RIS B9 DR 47 3 B op A1 Al 2 P AR Dl 3 Tl
AR IREE o ASBT ST P AT K BT AR B AT $18 12
36 AR RUAR 28 1 R B AT BT ARG AR T, T T B R
A 28R o X U WU e 15 MR X 40 I 14 i 3 A
W Zab HEA 2R

et s RIS A JUA7 30 58 2 AR Ab TR 1y
e IR o AR AR & BRI B R A9 R1S 75 Mg A AR
S5 7K (4 B B, A SN RS 0 IR B R R S A 2
REfEZE RIS 7 4°C T By A2 1, (H ok B2 B9 S ik
R AR A (4R 25% ), i I 19 A1 7L 02 08 A
FHAE v e P2 I B T T 0 B R Bk B A A A ARUAR
FEW T R AL A5 R SR A e Y e T
RIS 3 7 AR IR A SR 2 — o X BB K rh A RIS
RV J 30 S 56 Ok B, Bt 4 3 I (] ) 22 4 JIE A R
F e B IR R N B TS O A B AN B,
M 75 AR T BB B AL o TSR . X 5 K BMIRIRL 1 3R
TSR A R o PRV B3 S 0 SRR AR
Bl A W8 V8 R ety B RS (0 AR 97 40 5 g 4t

JUEAE RIS B 55 57 90 vb B3 0 H 20 R Tl S
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PR B B ML 227 - 5040 M PN 1 AR B o B T, TR
HE R WU 5 H 2R R P 2 6 U 2
PN ISR B BT, U B IR AT BB RIS &
A SR i R JIELBG ) R A 0 o o LR 5 RS A
AIEH S8 M AR B A 2 Bl o i) 5 A L, A B
RIS MR85 i 5% BRI S 5CRTAEL B8 14 BE 0 5 T Jid 74 14
A RURE 1o FRATTERTIA RIS AR w17 04 5% 5% 41 vh
Ko BL—A~ RS 5% 12 1 1 W B L I 7E 4°CTF Bl R
BT AL A (R I M DAY 4 SR T i
HZR ARG

A1 e 7 ot vy 1 Pl el 22 s d i H
M LSRR e B SR R R A
AW AE RIS AR N A b & BT i 22 A R & i
ST TR AR, (L 7 0 S e 7 ) 7 S 2 8 dle v, Sk 2
BB TEARIR T 23 DRI e v Ak B
F% 24 JE i IE s b S e ) AR BR 20 i 4R R T 10 A A
50 7%, W78 EAE—5E 2600 T AT AR R Al 1
fIIAE RIS e R 4 rp 847 48 21 by I 805 A i 3 Bk 14
WAL . BRI P B TR A 1 Al SR BRORT A A 5 1k
= Jm R TS R B T el i B IR o R1S
o S E IR A I e v, AR B SR = e
JIEW, 45 ARV WAk PR AY 200 D vh 2 IR B4 I R B
ARG A 2R T A P 5 SR 0 40 AT 2 Bl
AR (R R S5 2R) o HED RIS 7] B8 A7 75 4
= P I e A D SR A L ik 1) £ QB R A o

% & Lk
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Cryoprotection of compatible-solutes for Methanolobus
psychrophilus R15

Yue Wu, Guomin Ai, Xiuzhu Dong”
State Key Laboratory of Microbial Resources, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101,
China

Abstract: Methanolobus psychrophilus R15, isolated from the Zogei wetland at Tibetan plateau, is a cold-active
methanogenic archaeon growing from 0 to 30°C and optimally at 18°C. RI15 grew in the NaCl concentrations ranging from
5 to 800 mmol/L. [ Objective] This study aimed to find compatible solutes that can improve the growth of R15 at cold,
and the possible function as cryoprotectant. [ Methods | Using LC-MC we determined the accumulated substances in the
R15 cells growing at lower temperatures, as well as in the cold-shocked cells; by supplementing the accumulated
substances and the chemicals known as the bacterial compatible solutes in the R15 culture, we detected their functions of
assisting the cold-growth of R15; by adding the detected compatible solutes into the glutamate dehydrogenase (GDH) , we
determined the enzymatic stabilities at lower temperatures. [ Results] Choline and betaine were accumulated both in the
4C -cultured and 4°C -shocked 30°C culture of R15. It was determined that choline, betaine, glycine, carnitine, acetoin
and ectoine all improved the growth of R15 at cold. Choline, betaine and glycine could enhance the stability of GDH at
low temperature. [ Conclusion] Some compatible solutes can act as the cryoprotectant for methanogenic archaea, which
expands our knowledge of the physiological functions of the compatible solutes.

Keywords: methanogenic Archaea, compatible solutes, cryoprotectant function

(AL 2F57)

Supported by the National Natural Science Foundation of China (30830007, 30621005 )
# Corresponding author. Tel: +86-10-64807413; E-mail: dongxz@ sun. im. ac. cn
Received: 20 March 2013/Revised: 25 April 2013

(4 IR) & BT 5

AP AR RS A A S AR AN R SN T o B TR R IRTE 2 D 2N IR AR 3 - 6
PMHZWEZER,

(1) WeBIRf), B /S i B ) o e Jn PRk AN o K0l 2 0% AT W B8, P08 AT om0 A, X g AR —
BASHEE 2 A o WERPIH 2 00 LR E W BB, SR HE A 3 0 L KT, 2k T A, I8
2 T 4 o PR )T RE 2 2 A

(2) ZNERE (M ERA R SHFEEI), MESHEZF RN E-mail HHEREL(GF5AR ERMEERRER) . 1
HER MME SRR , AR T A% J5 7 TT 0GR

ERREER, ERARAEHERZN A EEERRAEPEIVNFEFELARASTREE LB 4.





