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Abstract Laser tweezers Raman spectroscopy and singular value decomposition are used to explore the
synthesis dynamics of biodegradable plastic poly— —hydroxybutyrate(PHB) in C. necator H16 strain cultured
with different nitrogen sources at the single— cell level. The results show that ammonium sulfate performing
best on fermentation speed, efficiency and productivity in all tested nitrogen sources, is demonstrated as an
ideal nitrogen source for PHB fermentation. The singular value decomposition results reveal that the main
fermentation features are the Raman peaks belonging to RNA, DNA, protein and PHB, and the difference in
bacterial cells and product yield becomes more notable as the fermentation process works. The dynamics of
Raman intensity peaks of nucleic acid, protein and PHB at 782, 1574, 1660, 1732 cm ' are active to the fast PHB
synthesis, and no matter what nitrogen sources are used, the intensity of peaks at 1660 cm ' and 782 cm ' is
positively correlated, but the intensity of 1660 cm ' and 1732 cm™' peaks is negatively correlated. The results
suggest that nitrogen sources influence the RNA and the protein metabolism and then affect the synthesis of

PHB indirectly. Raman spectroscopy combining with data analysis can provide the metabolism information of
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the microbial fermentation and offer a powerful experiment basis for optimizing fermentation process.

Key words biotechnology; Raman spectrum; singular value decomposition; nitrogen sources; poly— B— hy-
droxybutyrate; single—cell analysis
OCIS codes 170.5660; 170.1530; 170.1420

1 51 5

U 190 £ A B B - R S5 R (PHA) ELA I BL AR M, e — B IR 25 Tl Al A S8 45 A 4 I
FH TS 0 B0 SR, HEop 3 B 4 T (PHB) A& PHA 520 FP 58 10 FII 05 S 02 9 — b & 4K, o g
VR4 PHB B 5 7 , 2 M 208 1 (C. necator)H16 bk K HC 28 75 H 2 I i B8 200 0 700 FH 5L o T 2 7=
PHB R 57 1O T bR, 02 i 707 P T PHB TV 2 72 B B b L ) A4 [RGB SO 2 Wi 72 B 2k
WIS BT T I A IEAE T, i e kE X PHB & B0 BT 50 5 10 40 R PR AT | B A 22 )52 1
% PHB 4 W09 538 4 38 31 208 pH (U0 B 50R PHB 7= 0k 45 7 W05 0 e 1k 2 REBR B0, R Ti , B
{5 7 AR O P R o 2 D 7 A TS 2 4 T A I 3 £ 0 20 ) 22 5 Ak
F1, R 97 P26 200 43 B R 43 BT 40 £ 2 5 A 135 B8R T S, SCAR[16-1913 T Mo 40 e 40 17 R
2B BT T MBS . AN I 1O R 6 A TR B T S M NG 0 R I e A L
AR 125 2 80 6 700 2 MR 25 10 26 B 7 A 0 R 2 41 7 T 2 TR AL,

SCHR[22-23 R Pt A B B0 5 00 8% 56t Tk 2 PHB HE AT 5 Ko 0 s 407 2: PHIB 27 fik 1 5% B (EL O o
B S0 PHB & e B v A% R B 11 AR 25 . SCRRI24 190 B7 T R R BRIV B F 16 1 Bk ) PHB
A NS 4 5 R R M PR R A K T A A T DK 1T 5 R 1 3 IR 10 20 M 2 AR
25 0 PHB & 10 T3 (R 2, R 3 PHB IO & BOF AR5t 2t T &7 A TR S . AR MUE YR Kb
FRERY T — S SR EARSEYRSTHE R, BAREEA L PHB & R HHEY M
PHB 2 7 B — 2 91 i 1 A 14 . 17 %60 5% 7T A 8% WA 6 0355 4 396 7 00 2 B2 0 PHB (150

A, R T SR 3ot R 0 A T D 19 7 5 5 MU0 A 6 K 1 0 A TR K 10 4
= BB M 2 % R S T AR K5 T S MR , 2 M A2 0 2 10 A 8 B 4 9 B A
L0 S 8 125 S22 O T UURAE PHB & AR PP 9 T B4R T A5 S48 4 0638 25 40 I 40 W7 R L R S 42
3B A SIHT C. necator H16 T HR1E A 7 U T 4 B PHB 1 LA 0 HL M P9 2 40 K 40 - 1025 1 25 L B 18 M4 T
S £ B PHB % B B A0 DR AL S L 37 00 135

2 MRSk
2.1 LIGHHR

PR < A% B0 T (C.necator)H16 BB , HHIAT L 48 Bl 2% BE A= W0 01 5 0 AR K LLF 5 % 2

ARITED 15 7 L WERE Y 10 o/L, B IR 10 o/L, 4 A 5 /L, NaCl 5 ¢/L, Bitfi§ 20 ¢/L, pH {E°4 7.0,

Tl 755 FE 4L B RE R 10 o/L, B 10 o/L, 4E A F 5 ¢/L,NaCl 5 g/L,pH{E N 7.0,

KR 3% 3 . Na,HPO, - 7H,0 9.0 g/L, KH,PO, 1.5 g/L, MgSO,* 7H,0 0.2 ¢/L, CaCl,-2H,0 0.002 g/L,NaHCO,
0.5 ¢/L AR 8% 0.005 o/L, i TCR W 1 mL, 43514 121 CRKHAJEIR A -

M IJC K : CoCl,* 6H,0 0.2 g/L, ZnS0O,* 7H,0 0.1 g/L., MnCl,*4H,0 30 mg/L,NaMoO.*2H,0 30 mg/L,NiCl,*
6H,0 20 mg/L, CuSO,*5H,0 10 mg/L,FeS0,* 7H,0 20 mg/L, H:BO; 0.3 g/L. B A 2.0% (5 43 %0) 5 %, pH {4
}7.0,115 CK I 20 min,

Z: 5 M1 AL TR Sk B TR e R TR e , A ML RUTR R IR 2R 2R DRV R R R AR IR R A 40 2.0
1.21.0.91.4.35.4.21.3.90 g/L, 7 2R 1 50 088 7R Wk B JE A AR [A] .

JT T 700 38 Sy 2 ) i 8 o B 3K 7
2.2 XWHE
2.2.1 BAF ik

M A b P BB 75 A 50 mLFP T 85 3R BE Y 150 mLH#ETE Y, £E 30 °C.200 r/min 554 T 15 5%

0417001-2



I - R !
36 h, MENFI U LA 5% R 3EFR &, 7 4 3 2 80 mL & 3% 57 5L 19 250 mL HEJE i, 75 30°C 200 r/min 4% 1
TR IR MIEFRAT A 2 72 h, BB 6 h BURE— IR, 2 J5 76 84 h A1 108 h 45 BUFE— K o AR EUFE 2 mL, 1.2 mL ]
D0 5 40 ) T B R PHB % i, 0.3 mL T o AR A= 4, 0.5 mL P IR i = 6
222 H A F ok

T — 5 110 9 BE 0 1R P T B 40 B 0 R 3 15 600 mm A2 114 ' %865 138 {0 (B Awoo) S IE LH o FH G T 7KK 5 e YA TR
1045, M 5E AsoofH o

Ve A T2 2 gt 10 0 2 PHIB G Bt < 28 T 119 200 LA 5 v i A MR B2 1 mL, 80~90 “C/KIA 1 h, &35 6 B i
%€ 235 nm &b 1Y 6% FE{E .

FH 3,5- i B K 4% 2 (DNS) b €8 75 P00 g B & o 1 R A I 3 g Ik 52 35 4738 TU-1901 %8 40— B ok
Gy BE TS
223 BEA#EZAL LELN

P26 R G5 SCHR[19,30-31 [l R 2. ASTE] A2, Bk B 2 HUN 4 R 425 A LST85 615 4% (Acton
N L EE), OGRS S i — & K (- 70 °C)CCD(PIXIS 400BR, AR Br i {Y #8237, 5 E)RE . RSN PR
N6 em AN RIROIGE/PNER(EAR 2.0 pm) HB A KEREH TRIERS.,

20 M D TS ACHE < RS0 L K TRV B A A I VR B B TR SR Y L AN SR B % B 1005 TR T
TR E ARG, OB BEALCE AR B M K B AR AR T B A B S pm 247,22 mW BOEHKR B S B
FUET (6] A 45 s, O H bR 408 09 7 206 3%, T 240 M B3 DAAR ) 4 PR U 46 75 S 3 Bl o A RE g 45 4
P&, ST FOLIE . BRI TR 24 C R ERE IR T
2.3 HIBLESE

2 0 SR A B 1) 1 BN e L ASCIIAS 2, B AT 15 S5 11 o R ) iz il 2 A2 1F , FLB

S.u(0) = [8..,(1) = S, (0)]/R() . (1)

Y S,(v) J R S B S BRI TE  S.a(0) M HETT BEAY G L S (0) N T FOLTE, Ro) N 258 2R GE i B i £ . SR

Visual Basic 6.0 % £2 X} B 98 E 475 5 20, LA v 9 45 Savitzky—Golay HROE W, il Matlab 8 #8 , DL 2k

P A T 9 (I T R 3 ) T3 %) 06 T ARUYE A R AR 06 ()15 5 5 B I DR E R B AR (R SR EE R 1

PEIBO 15 B 50 5 14 A 508 73 % (SVD)TE C R 7 itk AT L RE

A=U3V", )

A RN E R A AR T S OGS MOV R 255 A O 2 A0 A B A AR R R O

WHEA, URMxMJ7 B, U By m st FR oy 22 S i 3 o MXN HE FE LA BR M 40 R AP A T R #

0, XML W TC R FR R AT SEE VIO NN, Vo i ) R O A A S, ULV e A BIE SRS .

Pt B R (104 7B N R R S N N S [ B (1 o i e el 16 B R [ BN 4 i g BB

(1) 51 ) 5 A7 A7 S R P (1) ) B A QR B2 PR 2 A DG R B B R SRR M DG FE R . 7RSI 3 37 S (E
KEN/NHES, b T 4 U K LA 75 Sk vT LIRS I 2 915 2. .

3 GRS
3.1 TRIRIENE LK RYIFFHFPHB & 5895 M

W 1R RS TR, H6 Tk B B A A il 28 IR WD AR R T EE A R S s S WA TR o il
PR RIRT WK A A FUR M T AR AR 245 1T 29 18 h il SE A5, A 29 60 % B SR H SR B, 40 T 5 A0 PHB &
i ARG . A PR R 1 R S 2R A L AR, W 8 3 ) A AT O R — B A A R A PR (H R A
K IR THFE RN PHB A BHC R A0S, 108 h 5 M54k 40% A2 A7 I S0 . e RE )2 & 24 A AL AR B 1 Il
PN KB B IR 6 h e A7 A ML R0 T B 2 A B ), B3 30 h, Bl S 4EFF R A K 2 48 h SRAEAE 72 h
ZEATEEARTEAESE &, e PHB & ML AE 72 h ZE A7 iR B o DABR IR B R 38 O SR I 1 9 2k, L R e gl A5 A
— B, 12~ 36 hoJE 0 RO R R SRR DR FE I ], PHB 5 JSUAE 42 h 75 A7 ik B d R ME 2 I AR
PHB & R s 1Y, b B IR B 7E 42 h A2 A7 35 2 RS E 1) H PHB i d K.

0417001-3



Dl R R
BIRER R AR H16 T8 Pk 89 PHB A 9 v, 520U 52 Wi 40 I A= <, DA [R] 42 52 Wi i 90 3 #E R 7™ 0 6 s BT
AR T AL RIR B R B A AR B b, A L RIR IR R Z s AR A AL TR A T 40 A K E R
PHB & UK 5 T BE 2 12 B RN T R B ) T80 3 A%, PHB R B S8R B 2

-8-(NH),S0,  -m-NH,NO,

3.0 —-urea —- beef extract 2.4
25 yeast extract —jli-peptone % 20
220 216
<15 g 12 '
1.0 S 0.8 ‘
0.5 E 0.4
0f s =@ of  Desesdu—e—a (D)
0 20 40 60 80 100 120 0 20 40 60 80 100 120
757
12
S10 _ 60} .
S 8 Y —— = 45| /‘/u:““*\-
% 6 s
) . 8 30¢ /
2 4 / ~
=)
0} * (© 0t LC))
0 20 40 60 80 100 120 0 20 40 60 80 100 120
t/h t/h

BT H16 W bR AE A R RR T2 BEShAS . (a) AR K M4 (b) M #E; (o) 40 ML T (d) PHB 7 it
Fig.1 Kinetic profiles of C. necator H16 cultured with ammonium sulphate, ammonium nitrate, urea, beef extract, yeast extract and
peptone as nitrogen sources. (a) Growth curves (Ago); (b) fructose consumption; (c) cell dry weight; (d) PHB yield
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Fig.2 Averaged Raman spectra of single C. necator H16 cell cultured with ammonium sulphate as the nitrogen source (the inset shows

the spectrum extracted by singular value decomposition)
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