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MR IR, BFHIAA Y Car REFIA, (2B RL@ME RT B A ZIEY 423 nm 4545 R B & Car =
Feidr e, (8 9] B9 R7 B4k 423 nm S AEBNOETS R R A s B W ez, [ k1 KA Bk
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Formation origination of characteristic absorption peaks at
423 nm in Rhodobacter azotoformans
YUE Huiying' ZHAO Chungui > YANG Suping

1 College of Basic Medical Sciences, Shanxi University of Chinese Medicine, Jinzhong, Shanxi 030619, China
2 Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen, Fujian 361021, China

Abstract: [Background] The characteristic peak at 420—425 nm was frequently observed in anoxygenic
phototrophic bacteria and often assigned to carotenoid component(s). However, the absorption peak at
423 nm in Rhodobacter azotoformans R7 did not exhibit the characteristic absorption of carotenoid(s).
[Objective] To elucidate the formation mechanism of the 423 nm absorption peak in strain R7. [Methods]
Analyses by UV-VIS spectrophotometry, thin layer chromatography, high performance liquid
chromatography, mass spectrometry, ultracentrifugation and ion exchange chromatography were conducted
to investigate the formation origin of the 423 nm peak. [Results] A characteristic absorption maximum at
approximately 423 nm was displayed in the in vivo absorption spectrum of strain R7 cultured in glutamate
medium, while it was shifted to approximately 415 nm in the absorption spectrum of pigment extract.
However, the cell growth and the amounts of bacteriochlorophyll (BChl) and carotenoid (Car) of strain R7
were significantly reduced by addition of glutamate, compared to those with the supplement of yeast.
Pigment composition analysis showed that the 415 nm peak was only characterized by magnesium
protoporphyrin IX monomethylester (MPE). MPE could locate on the intracytoplasmic membrane with an
absorption peak at 423 nm. These results indicated that the 423 nm absorption peak was caused by MPE
accumulation. The analyses of pigment protein complex (PPC) showed that three components of PPCs were
detected in both yeast and glutamate cultures, however, only the absorption spectra of peripheral light
harvesting complex 2 (LH2) and the reaction center (RC) of glutamate cultures gave the 423 nm
characteristic peak. Collectively, strain R7 was capable of produce two different types of LH2; MPE locating
on either LH2 or RC could form the characteristic peak of 423 nm. [Conclusion] The characteristic peak at
423 nm in strain R7 originated from MPE accumulation rather than carotenoid. The accumulated MPE inside
cells could bind to LH2 and RC and locate inside the intracytoplasmic membrane. It is difficult to obtain a
large amount of MPEs as it is a biosynthetic intermediate of BChl. Strain R7 was capable of accumulating
MPE, therefore, the further study for biosynthesis regulation of MPE contributes to elucidate the novel
mechanism of photooxidation and photoprotection in photosynthesis.

Keywords: Rhodobacter azotoformans, magnesium protoporphyrin IX monomethylester, pigment protein
complex, carotenoid
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Rhodobacter (Rba.) azotoformans R7 1EVL ZTRENEY;
JRIARR AN I . A RN R AR, TE MR
WHETETE Car X H P~423 nm $7fEI%, 340—450 nm
Wt S T, TR PR S B~415 nm FHE
W, TTELL CPREN MR . NH4Cl B EEREE Y H
RIRMEE SIS, 423 nm FRIEERAGEE . &
R LB, FZRMRIIREEI 420-425 nm FFAE
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LML B AT LA IR RIS, AT — 53
TR 22 Ay A K P A SR ] A
Rbx. gelatinosus MPE MUK (behE) A AL RR
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MPE ENAGE A LH2 st ZE M E 4 F,
B SUTE, XOUEERSCRA BRI, W
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B UREDHL, Hitachi 2AF]; &2 EE.OHL,
Eppendorf 2] ; # A AHARRIEAN, THEHT 2 AR
BHEE B A BRA L R ZE LA, T 44
WA RFIEA W ; AKTA Purifier 100 & [ Fizlifk
i, GE Healthcare 2\ A ; i g & J1 0% R 4%,
Constant System 23 H]
1.2 BEHRRIEFEN

Rba. azotoformans R7 ) 16S rRNA F& [H 7 5]
GenBank &3g5 8 EU604757, ARSI ZARAF .
Ormerod 1% 77 5 POV v (i 352 L R 4 01 18R 4% )
2.44 o/L BRIAMRENAN 1.0 g/L L-BSEIRENECEI N
SG #5573k F 2.46 g/L ToK LERENFN 2.0 g/L itk
PRI AY $53R5E. REFRZEA A 500 mL
WG . ODgso N 1.5 BRI BRI 5%HEFh &2
Filto B53R 25140 30 °C. 3 000 Ix YEREBR &85 3%,
WEIANEE.
1.3 EARE AN IR A it E

A R E . R ELh T, KRR T
HEREA T em B HL GRS, FotRETE e Rk
660 nm AL AIEEE FEE(ODeso) o IR EINGE : 557
W4 8 000xg B.0x 10 min WCEER A, A BHER KRR
3K, B pH ME: I pHHHIE ., TSA0RBoL
TEDSE . A FRER KRR BRI, 60% A =TT
JETENCREN 1 em A HE FL R UEF T T4
14 XEBRSEMEI O

WS SR 8 d RUTRTE AR, DATER: A 7:2 (M4
T R R HEHGR, SR i, $EHR
AOLEEZE RN, TN 1 em AR AR
W2 B WA W I8t 1%, #% B Beer-Lambert-
Bouguer EEF Jessen A 43518 BChl fl Car
FrP L R AT WL - 2 JZ AT (Thin
Layer Chromatography , TLC)?" . HPLCP®? i
LC-MSP2V 5 vk HEAT e A €0 2 20 40 A 431
7E o HPLC W & >k F /2 ) C18 #F (Shim-Pack
VP-ODS, 150 mmx4.6 mm, Shimadzu), DAD
TSI 2 O EHE(SPD-M10Avp), FEiR 25 °C, #
M K% 415, 480 F1 770 nm., FiBhAH A Sk HIfs

FIK(95:5, KFALL), Wz B HLPROER, B
VEWFERE & 0—5 min, 0% B; 5-25 min, 0%—30%
B; 25-40 min, 30%45% B; 40%—60 min,
45-60% B, Wi~ 0.7 mL/min, X TLC 24 &
RSP T TR A OSSR E , R
LC/MS i, $EFEIE & TRRIE TP, Bl
BHES 500 eV, THMM 12 L/imin, TSR
JE 350 °C, ZAk#rHJ1 206 850 Pa, FA4iii[H
200—1 200 m/z, A& m/z 138K 0T
FIH HPLC (A2 43 M8, #5/A5K courry/cien o=
Anpegeen of(Asen ager)’ - MPE 55 BChl a 1
JEEJR L, JLr A T o 43 51 A e i WA R Y B RN o )
M, MPE(eq10)F1 BChl a(ern)BIEE/R TG R %L
7 308 L/(mmol-cm)* il 65.3 L/(mmol-cm)**,
1.5 SEERRE& R WU IE N E

SR FFL A T 0 125 1 4 TR A R O A BT s
3% 8 d WUEIfAR, JH Tris-HCI (10 mmol/L, pH 8.0)%%
PR 2 WKTTRTE, ANAE T RS AR A
2%, 117238 Pa, 10 000xg 5.0 30 min B -
T, 2100 000xg B0 1 h WAETTHE, ZRrhiivk
W2, WAETTE, EIAORAEE, BHWE T pH
8.0. 10 mmol/L Tris-HCl ZZ Wik, 7E6FE M 1 em
FA) A 0 L E R Hh il e RSO o AR A R 4
R EARGERWFIER SO, RIS LS
O R LH1 M LH2 Z RGBS, HEE
LH2/LHI FEE/R P, Mo LH1 76 875 nm #9756
ZEUN e375(B875)=117 L/(mmol-cm); LH1 £ 850 nm
AITH G R B e350(B875)=63.6 L/(mmol-cm); LH2 7E
850 nm [T G ZREN £350(B800—850)=132 L/(mmol-cm);
LH2 7€ 875 nm [l V& R % 575(B800—850)=
19 L/(mmol-cm),
1.6 EABRERESANEIESN

KA b ok ik H 3R i Atk ¥ (NN-
Dimethyldodecylamine-N-Oxide , LDAO)# 1% 722 1l
#HOREAL AR B e, %0t
1% LDAO HiEACFE, mad 80% 1 A i R 24 &
Mr, WeBEIFR, 10 mmol/L Tris-HCI (pH 8.0,
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0.1% LDAO)##, #EMilidh. BREARGHKE
WM. K AKTA Purifier 100 & Fi4lifbiY,
DEAE-32 ZF4E R ZHrHE, %4 NaCl 1Y 10 mmol/L
Tris-HCI (pH 8.0, 0.1% LDAO) RIS 75k 55 i
PR, R KB 280 nm, HL SAG IR
EEREE N . R R AR VRS L R
FE 1 om A5 AT EINAT WL R T Rl
BEMLUAEAE S WSO T, MR 4 i 21 P AR R I i
FIE B REOE SRR,

2 ER54HMH
2.1 BEIREAREHE

R7 HARTE SG Fll AY iR AL i A K FiA R pH
AEINE 1A, 1B Fios, BEEfRIER, ALY
FIAZ pHTFE . 5 AY E:3:WMI L, SG B
KA pH T (R ] AR, 1% A RO
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2.0t w
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JEER(E 1C. 1D), AY EFHEWGB )EH 375
(Soret). 590 (Qx). 801 (Qy)F 854 nm (Qy) BChl a
FRAE I, 447, 479 F1 510 nm BRIEMS 5 Car £7
AL I (ST Y =451 ) ;. BEIFTRIAE G, 250800 0
WY &8 Ak, AHXT 0 e S (KD 10), 5
Swainsbury U8 (AEAEIEN M —5, 5 AY B
FEWIHIL, SGEEFEYI(8 d)BR T 590, 801 il 854 nm
WA JC R AR AN, AR DR R AR T B AR
1k; BChl a Soret £ # % 395 nm, 4#7iE Car ]
WX I 14 423 nm FFEPER WO, TiHA Car
AR ;. BUAR 850 nm FRAEIEN %A B B8
b, (HIEIEARSE, ~870 nm AbE I HIE; 5 d I
S 5 %) BChl a Soret (380 nm)., Qx 47 Al Qy 77
1423 nm FHEVE, BEERRFRATRIER, Qx il Qy
N AT BB AR, A T, 850 nm

10.5

1

0.0 = : : '
400 500 600 700 800 900

A (nm)

1 R7 EHRERMELZ(A). EF& pH T(B). EMABIRKKILC. D)
Figure 1 Growth curve (A), pH change (B) and absorption spectra (C & D) of strain R7

TE: AY: CJREN-FFEERESREE; SG: BRFAMRIN-G EIRENIE IR 4L

Note: AY: Acetate-yeast medium; SG: Succinate-glutamate medium
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FREMEArTE, BP0 870 nm JE &, Soret’iF 5 423 nm
W S PR X e B R SR R IR T S i g,
1437 1 380 nm£L#% % 395 nm (/&1 1D), BChl a Soret
A S BLLL AL AT BB A 423 nm RPEIEFITEL,

5 1 20 SO 1 R A B B TR AR O A
R RASEE T, BnTH, 5 AY KR PH
b, SG 55374+ BChl a Fl Car FFAEMI G AW
JEREAG, JoHUR Car 4RGN, R SG B
FEAME T R7 BRI BChl a M Car IS . BT
423 nm FRAEWESL, JCAWRRIE R R B, X
I, dE—2 % Hofa R AL A 7E Rk AT T
5%, DIHAMARE 423 nm BRI T A
22 BEESSMEIHDWR

KR 8 d B RAOEA O 2R SRR RSO B an ]
2A BT, AY SR T 364 . 600 F1 768 nm WUk
g, FAM50% BChl a Soret. Qx il Qy 4, 434,
456 F1 487 nm WU J& T BRI M 22 Car FRiEs, 5
AY M, SG #5574 434 nm FHEIEEZE, 456 nm
F1 487 nm MRS AR R Ry e A B R4, e
I 415 nm WIE, FRIERT UL, R7 BRMRAEIX
2 PP RE IR R Car U NAFAEZE R, AR IEEL
W) 415 nm AR IS 107 1% 15 38 20 LR A G HR 1)

423 nm FHEEEZAINN . AY K774 BChl a Fil
Car S HAMH1H 2.640.1 mg/g F1 0.950+0.015 mg/g,
SG i 3#¥rr il 0.720.02 mg/g 1 0.18+0.01 mg/g.
LT L, SG 8% 7% 34l B 25 (P<0.01) 4 i 7 4
BChl a fil Car &%, JLHIEFERT 415 nm Mk
S0E7/Ipie

HPLC Z#rin, WRGREIOR FZE2
4 PRI, 450 HI-H4 (K 2B). KM TLC Jr
Pl A X 4 MR HE(E 20), HBOEIE
HPLC/MS 4t 2b R uniE 3 s alad oL |
PR MSCHER R A B R EHER S P B A
HAE T, HI-H4 #KKH MPE, BChl ap, ERIEM
filil (Spheroidenone) A1 BRFE 47 (Spheroidene) , KK 55
TLC # /2 TO, T1. TS5 1 T6 X} (% 1), TLC #
EHARR 3 AR T2, T3 M T4, ©filS
BChl a. i %L 4% % (Bacteriopheophytins a,
Bphe a)FIF2ILERTEMS BRSO IEAH—3, X 3 4>
RN 415 nm FHEWE, R TGS
Mo P HTEaZEA S, (U MPE 2312 415 nm
FEOEWE, FRULHERT, R7 TRPRZEIN 423 nm FEAEIGEE
B MPE FREIEAL, M TRIAPIERNY Car HEAH
416-425 nm WMo, BRI JE Car 51H2HY .

0.0 E

0.0 k

A o4 B C
’ : SG 0.6 | H2 5G — T6 (H4)
: i — T5 (H3)
oo | 3 0.4
: 0.2t H4
‘ I H3
! o . /\
2 00 ¢ L . ‘ N T 0.0 et
=< : — T4
1 AY 0.6 F AY
1.4 ;
/ 0.4 | 5
0.7 | 02 L — T2
| { A ' — T1 (H2)

A (nm)

400 500 600 700 800 0

10 20 30 40
Retention time (min)

WY s¢ 'vdib

2 BHEZEVERMIELIEQA). HPLC £ 47(B)F TLC £47(C)
Figure 2 Absorption spectra (A), HPLC elution profiles (B) and thin layer chromatograph (C) of pigment extract

TE: AY: CREA-BERFEEIRIL; SG: BRIIMREN-1S EMRBAIE IR AL HI PR AR Iy 415 nm; H2 BEARAL M AORGIN IS 770 nm;

H3 il H4 YERR L 7 AR K J2: 480 nm

Note: AY: Acetate-yeast medium; SG: Succinate-glutamate medium; The detection wavelengths in HPLC elution profiles were set at 415 nm

(H1), 480 nm (H3 and H4) and 770 nm (H2), respectively
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Figure 3 Absorption spectra (A) and mass spectra analysis (B) of elutents in HPLC profile

M. HI, H2, H3 Fl H4 fRERK] 2B H s sORAR i e i gl 4y

Note: H1—H4 represent each elutent fraction in HPLC analysis as shown in figure 2B
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%1 TLC 5 HPLC FEZ&RENHMEXRMEED FENE
Table 1 Relationships of the pigment components analyzed by TLC, HPLC and molecular weight determination

B P = €1 G E N = v N A T FHERBOL S Iy T (ezr?] E =B U
TLC HPLC Retention time (min) Characteristic absorption (nm) Molecular ion [MH]" Compounds References
TO H1 5.01 415, 550, 590 599.2 MPE [14]

T1 H2 23.46 364, 572,770 911.6 BChl ap [27]

T5 H3 34.08 481 583.4 Spheroidenone [28]

T6 H4 38.87 429, 453, 482 569.4 Spheroidene  [28]

HPLC %58, SG Ml AY Bi¥ T3 H AR
H1, H2, H3 il H4 iX 4 e £, SG Fl AY 55574
hH1 5 H2 BEEZRELr51h 0.08 F110.01. 5 SG
KFRPIAEL, AY K532 MPE FHXT & 2 K ie EE R
%, BAWEEZEREP<0.01), HEIMA DR 5
423 nm FHENE . B4k, Car 4043 H3 Fl H4 bl &
AT, H3 HAMEIETE 481 nm, SG ¥:¥+
H3 MR &R, SR R PRI A RO S H Car
5 IR R B AR (K] 2A), WIERAE] Car 55
—fg0g, HJFEE S MPE FHEEE S,

23 XERFIZFMEZRERESKENEE
ST

A R IR IO TS RE S8 I WOL A B R A
REAEGWER EAMRHE. T W# MPE
B EN TR, Bl e 7 64 B A
ik, SRR 4A iR, SIS ANEBOEIE A H

A
SG
—AY
1.0
)
<
0.5 |
OO 1 1 1
400 600 800
A (nm)

4 REFERIRITIE(A)FR LH2/LH1 EE/R LE(B)

(B 1C. 1D), JEABERWBOEIEE R4, SG
AY FiFRYIARE 2B BChl a Soret (378 nm). Qx
(590 nm)F1 Qy (800 nm F1 854 nm)i7, UK 450,
476 1 509 nm BRIEM & Car FREIE. 5 AY ML,
SG ¥ FR W) B 423 nm FENE, KU MPE BEfEE
MIAEAMAEE |y Bk MPE AR Z, SG 539068
fEH 350-450 nm WIS TR . SR ADGIG G BUr
EPNNE LHL A LH2 Z AIEEESES, 15
A LH2/LHL EE/REL, Z5RnE 4B Fis. 5
AY I, SG BiFEdy LH2/LHI FEE/R HoAR B W
fl(P<0.01), FEATTHPICRER LH2 AN 5 &=
24 BREAESHBETIHMEN

7 W MPE ERTEGARENE A EE
B, RAE @il ss T HikhraRED
AW, GERAE SA PR, WARVERL LR IE

B
24

1.6 -
0.8 | '
0.0

AY SG
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Figure 4 Absorption spectra (A) and LH2/LH1 molar ratio (B) of intracytoplasmic membrane

TE: AY: ZRREN-BERIERSREE; SG: BRFIMRINA ZRRINERIREE. LH2: SN RENE G LHL: RO teREAL A
Note: AY: Acetate-yeast medium; SG: Succinate-glutamate medium. LH2: Peripheral light harvesting complex 2; LH1: Core light harvesting

complex 1
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Figure 5 DEAE ion-exchange chromatography (A) and absorption spectra (B) of pigment protein complexes
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FRHEM i AR — BT R b A B Al A A
ARG N SRR RN NI 872 & (| L s 8 N
HEF Car™™, HAFER e LT 2 A sh B
418, 442 F1470 nm FAAEM IS, FL5 N &R A2
4, 418 nm WRIRIEZIH 2~420 nm. JEGHEU
22, BEFILLZ BT AEY) CH;O-BEFIL1 25 F1 OH-HEF
LLER, SRR BB —BRIBOLTE,
BRI RE, 25 E AT 7E 40 B B Rl 7 AR i R AE
¢, Zhao WIS EM, Rps. palustris CQV97

palustris . Rbl.

M~421 nm $FHEEEY, Rbx. gelatinosus MPE ¥k
il 5 DX (BehE) Sl % 5% 725 R 1 441 o 155 42 B0 5 5 i 1Y)
415 nm Wi U iy MPE AR, LUK Rba.
azotoformans R7 EAKKAG I AY~423 FEENE, #)
Syl B 2 423 nm W LH2, 23R
fEWE 2 MPE 51i& MU, A B 5 & B Rba.
azotoformans R7 7£ SG ¥ F2 I P HETE A%, 423 nm WU
W, 340-450 nm SEWIETHE, % 423 nm FHIEIESE
H MPE FLRIERY, MPE £ FH s i b 5
415 nm, SHMEHNEAZSIEM 423 nm FHEE,
245 Y Rps. palustris CQV97 F1 Rbx. gelatinosus
MPE JMEBEEE Rl (behEYiR I 525K 73 ) S B~421 nm
Al 416 nm!"VRFAEME AT, JLEEE AT B+ MPE
HEARSSEEHINE2ES, $3-421nm F1~423 nm
Z A5 Rbx. gelatinosus ' MPE S5 454G
JEAEIL 416 nm FEAENE, 5 PR EEREE IR Th R
e —30, F£WZ MPE FALEESEL K (behE)ii R 58
BHEKEFER MPE, K5 DL R SAEAE
MPE J& BChl & 8d e i g —Finh )4, #5055
Kgm, TR A, f#f MPE FUA,
HE RN 2 416-423 nm $3fFIE, B, MPEJE
BOZAFFAE I — Rl AAE R B . 3 Ahil it iz
FRIEWER AR, AT MPE AHXS & 22 fb
B, BIANAEFFE I 1D, FTLLGE 375 nm F1423 nm
FEIE UG (R AR DT 5 B2 1) LA 58 MPE R R B ] 1Y)
AR (MBI ENYE, Car LA™ 420-425 nm
FHIEE, HLRTHEE MPE Fl Car JLFRIERL,

R, LH2 FRAEGIE A BT i) 25 55 3 %
5 op 5 R KA A A0, R LR
AR H (AN Rps. palustris . Allochromatium vinosum
1 Phaeospirillum molischianum %§), F{1E 2% *f
pucBA LR, EAIFIE LH2 of ZRETEE, BT of
ZRIRFEA, PR RILALGE LH2 s otk
LH2 (LH3. LH4 1 LH2)%*3) ABFseE,
MPE AMEREE RZEANNENE b, WABERIAE LH2 Al
RC I, JERL 423 nm FFAEMR g, S5 HAME 2R
REIE AN 423 nm FRAEIETRLEE— DAY, Ak

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1548 A 2 A

Microbiol. China

B, RT BERRATAGIUE] 2 Rl B R B A 1R Y
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PR pH PIRSETE TR, [RIEF, 53 LH2
Car ¥ BChl YBERAL IR T, MPE 454 %
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2E FFrR, Rba. azotoformans R7 7E AY i3 Hk
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