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Abstract: Propionibacterium freudenreichii is

regarded as a GRAS (generally recognized as safe) l —>] Centrifugation }-r\ Bacteria_|x—{ Concentrate }T»@
strain, and has been successfully applied to industrial Ij T
jid

- ‘ Supernatant ‘ ‘ Water ‘ ‘ Heating ‘

anaerobic production of deoxyadenosylcobalamin,

\ Screening resin Centrifugation

Generally, due to the unstable of Fermentation optimization

known as the natural structure of vitamin Bi».

deoxyadenosylcobalamin, it needs to be converted to [ Hydroxycobalamin | | o—i
e Extract
cyanocobalamin by cyanidation during the -
subsequent extraction and purification steps. ] Ultrafiltration
Hydroxycobalamin is another form of vitamin B> — [ X
Resin adsorption Photolysis

and widely used in the treatment of neurological
diseases and cyanide poisoning. For the industrial production of hydroxycobalamin, cyanocobalamin is usually used as
the raw material and then deacylated to form hydroxycobalamin. According to this principle, the production of
hydroxycobalamin involves multiple chemical reactions, including cyanidation and deacylation, along with the high
cost, environmental pollution, and hazardous conditions to the operators. To avoid these disadvantages, the photolysis
production of hydroxycobalamin directly from deoxyadenosylcobalamin was proposed. In this work, the adsorption
and extraction of hydroxycobalamin in the deoxyadenosylcobalamin photolysis solution were studied. The adsorption
properties of 8 kinds of different macroporous resins on hydroxycobalamin were compared, and the effects of pH and
ethanol concentration on hydroxycobalamin adsorption and desorption were discussed. The loading and elution velocity
were optimized to improve the hydroxycobalamin yield. The results showed that LX-50B macroporous resin had the
best adsorption performance for hydroxycobalamin in the static adsorption process. The adsorption capacity of LX-
50B macroporous resin reached 203.87 mg/g at pH 6.0. For hydroxycobalamin eluent, 60% ethanol solution with pH
2.0 was the best choice. The optimal loading velocity and elution velocity were 2 and 0.5 BV(bed volume)/h,
respectively. Under the above conditions, the concentration of hydroxycobalamin in the elution was 1863.32 mg/L,
improved by 35 times compared with the original photolysis solution, while the purity of hydroxycobalamin increased
from 0.38% to 15.73%, with an acceptable extraction yield of 92.46%, which achieved to a good extraction and
preliminary purification result.
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W OE: T 8 FhRKFLRHE T 2 [T R B R B SR RO M F5 1L 5 TR BRI R S A N R IR B e, 588 T AR pH fE X
W Bt RIS, b TR RIREERD pH T SEEE AR AV ARG L, BF LT LA R W B AR R s . & SRR
W, BASLIRTh, LX-50B BYRFLMARE X FR AL G AT R R I M Re dc i, 2 AR WE pH N 6 B, LX-50B 4 R 7 R B 2 gt e »

5 203.87 mg/g. I pH N 2 1] 60% L BEV ARSI AR AR i i, BB IR E AR BGR LA 2 BV(ARFAF)/h 85 b E R B
F, FH 60%Z B L 0.5 BV/h LG, FRAEE R RIREIE S 2 1863.32mg/L, NIFEIEIBCHMREEN 35 5, 21 H 0.38%%¢

T2 15.73%, FERAACR RiT.
4RI MEARETEIGR, BREEER, KW, $2E
FEISES: 06473 HERFRIRRE: A

#2 FE 4 % R (Hydroxycobalamin) A i 4 IR 48 1% &
(Deoxyadenosylcobalamin, Ado-Cbl)/&4E2E 2 By HIP
ANFEAAAETE I, FEEE 254000 3 2 T M2 e A
L RFRPIRPRNGTT, R E v TRIT
B L, HATtA R SRR By, SHRE
FAXHRTT BT R SR BRRE A R AE FHIS) . 4E2E 2 Bio (4R
YIE L BRI RZHUN T EER RS, B
HARE RV 2 4L R B R NE N A G, LA
EORZF AR, HRE R BE =) —Fp e A &=
By, RI4EAE R B BICIE MRS, B RTR A &
BEE A R B ML 20T . B9k, @i
FERIEOAR R AT B RN TR AR P2 AR 2 B 1)
WIS 7 S Pk ), fH PRAEUR BRI 2 IR R AT
BRATS R A AR 7= ok 4 A B AR, e AR K
AN TR MM RIY, $3EE FDA 5% 4
PRI, T R B R R L R A T 5
Bt AL HE 1 f-CH, Bl 5 Co BEHETE AL Co—C B, Thike
B EE R RIF BT ERME XA SRR R, 3
BB E R B i m M R ANER e 1), JBlRUE 2 i
FEeb R AR T 045, 4 45 12 R AR It S
N R SR a5 R i 57 - Bt S8 U RS, i) B o
& 58 i JU 4k % & (Cyanocobalamin)!'7,  FEZ8 Ak 24 i F Ab
PR R, AU T ZES, HiTHR%
fEHRIFEENA, D5 3eirss, M TAENRE 22k
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RIX VT, 5K A BRSO E ORI SR B e R

SCEBHES: 1009-606X(2019)04-0728-07

JCRREEA IR RS E IFR LB L R, JFIRIIE TOLARE 1L
RERE A 3 NS BRI R AL, (HAZRE LU T R IR
FRAT R P 4R B TR EIIE, R T2
Bk e 2R ) 2 AN PRI AL AL o A VRS T ST Jd S0 BR
G ZOCR AR I Bl i R R BT TE 45 SRR, R 2R IR
PARRAT B R BEBR 4 4 1% IR R4, A5 3R IBGAR pH
a5 8, JFHEEE IR IS AT UM ORI, LA
R Bl RO AR R W P v, HR R RS R
Ko AH RS R 10 2% ER TR 1 S O mT b A
RS, 3 i S B e B Al e 2R 4 P R 1B D) 7 B
T

8 T2 H F A 5 LV 52O B By K 9
SFRLRIREAEA R B KR, HEREEBL SRR
2R, AN BRI A AT Tl AR H 28 4 I R
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iRk AR E . FTEAM AR, SE S T,
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2.1 ##

2.1.1 BRI A
% K N R ¥ B (Propionibacterium freudenreichii)
CICC 10019 Ftk, T A [ Tl A=) R 0 o
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BB IR3E . FATRE 20 /L, TOKIEH 10 g/L, W%
fRE: 2 g/L, HZ /KA pH 2 6.8~7.0 J5 A CaCO; 2
g/L, EflE 20 g/L, 115°C K 20 min.

FhFE IRAL: HAERE 35 gL, EKFM 21 gL,
(NH4),804 5 g/L, KH,PO44 g/L, CoCl,0.005g/L, HI&
JKIF pH £ 6.8~7.0, 121 °C K 30 min.

KR %L HEE 60 gL, EKFM 41 gL,
(NH4)28044.6 g/L, CoCl,0.0127 g/L, P& /K™ pH A
6.8~7.0, 121 CK 30 min, F&EFEEMT 115°CKEE
20 min.

2.1.2 35

F2 Ik 1% R (Hydroxycobalamin) A1 i 420 iR &5 1% &
(Deoxyadenosylcobalamin)(Ji[ bR HI ZJH R A ), &
KET G HTIUREDFEARBIRAT), #ERE. &
K LR BRFREr . WERR 0. EALE. BIRE. &
AL BIR . ZRERBE RN A 7 T 2l (AL Ak 255
AT, LIENEESE(SEE Fisher Scientific A #).
2.1.3 KALB A

HZ830( L # L E R H AR A #), CAD4S Hl
CADAO(Z B —EMERIHH AR A F]), LX-20, LX-50B
I LX-412(78 2 W e RHs A B A 7)), LSD-1 A1 LSD-2(37]
JERVL AR R A A,

2.1.4 SEERAUES

LC-20A 2 = OB AH i A (HPLC, H AR HEA
#]), Hypersil GOLD Cg it AH(5 pm, 4.6 mmx250 mm,
Jeatih DR AT BRAF]), HYG-A s e R B 97 46 (-
R AT AR HE A PR A ), Himac CR22G BUR%
BEEEOHL(HA HITACHI A7), /B 10 L & H3)
P e AR B (AE 5 B T R AR A BR A /), PL203
A H K F-(Fifi - Mettler Toledo /A7), Delta 320 %4 pH
TH(Gfi 1 Mettler Toledo A H]), FE 411 A7) 4 (8 [H
B.Braum A #]), ENTH:(EG4L Pharmacia A &), 175 W
BHMEERIT (R C AR A F).

22 XWHE
2.2.1 44K B Kl ik

F HPLC #4EA: 2R Bio 0 80K FE, (i 414
Hypersil GOLD Cis taifi4E, KK 254 nm, shH 1
N pH=3.5 I LEANG M, RENAH L NS, s
I mL/min, A3 25°C, #EFEE 10 ul. PEBZM: 10%
CIETEELEE 0~5 min, 10%~30%ZJEREE VLR 5~25
min.

2.2.2 B IRTABRAT R e 5 F2 L e 2R R DGR 1) ol 46

HCH i OR AT ) R Mg AT AR R Zisi Ak, RiE A e
PR R fp TRE MR R 5, 30°C TRFE R 48

h, % 10%EFEKET 5 L kKBS, T 30C, i
50 r/min FHEFERERTIE 132 h, REEDFE A R K
5 pH [HZE 6.8~7.0, I HIR B2 10 g/L BHAMEZ
20 g/lL. KEEZE 84 h BFIRIN 5'6- — H 5 2K g wk
(Dimethylbenzimidazole, DMB) i T T8 4 N £ 22 i 450 I
T .

¥ 2 IR R AT B R BV T 6000 r/min B3 R B850
30min, WUERBMA, HEBFRBEG IR, MALET
7K B R AR B A S R BRI 4 A%, K BT 95°C
TR INFA 30 min, 520 AR A R A SRR R R
10000 r/min %3 T EE 20 10 min, Y BIGWHHR
Y pH £ 8, BT 8000 Lux eGR4 IMT TR,
8 P B BT H I A A e 3R 58 A e R R A S PR
Bilkg, WORIRBDURT 4 CIRAE.

2.2.3 RILW AR FiiAb 22

HEB T /KRS BIBMNG, [E Bk 2D R
Ty FH 95% LI WERIE 24 h B LR Tl i 24
F CBEF8 5 e R e RS . KR B2 T0 LR
k. WRE CBREE Ve S FHRRBALFE: A 1 mol/L
NaOH i2if4 6 h, F 3 mL/min NaOH iBid# fig 2, A4l
KPEZE pH U, I 1 mol/L HCI 3298 6 h, 3
mL/min HC1 /e fiE, FiEA 2538 7oK BEZ pH I %
2.2.4 AR R

0 0.5 g TACER BTG, WERTZRAKD, WK
AN S0mL =AM, N S g/L (0 FR SR e K A i R
30mL, KR T E G RON 25°C RIfEERRIR Y, R
N 100 t/min, 24 h 5 ASIAR i R B &

W 1 /L SR IR B i 2 4l VR TR AT R e A
Jefi, HL 0.5 g AR IR RN 50 mL =,
BN 30 mL Bt SR Bl G 3O G RAR, K R 2 3 TN
MEE 25°C. #3E 100 r/min FEIREEF#FH, H HPLC
AT - LR BT S AR ) R FE AR AL, 2B 5
UG XS M AR P 2 IO A R B A

W S /L FREE e 2 A S VR o T pH & 2, 3,
4,5,6,7,8 F19, ZrHIHL 30 mL FNEEA 0.5 g 1A 1
50 mL = AR, KO EEERNRE 25°C., ik
100 r/min FIEIREEFRA F, 24 h J5 00 I LU .
2.2.5 FRASEIY LS

W B R S i 2 v R R, R K PR 1 IR,
TR ZRK, BT 50 mL =M, IAAE pH
(1) 50% ZBEAEGEREF, B & H R BONRE 25°C . #
I# 100 r/min FITEIRFEH, 24 h J5 I E fRICRIE ELE .

O By e e 2 AN IR 20 TN [0 P
(20%, 30%, 40%, 50%, 60%, 70%, 80%F! 90%) ] Z. I
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Velbisnl, TAEE A FT8CE 24 h J5 W€ AR 9T LA
2.2.6 FRIBE R BT S AR

B 10 g BALER KRR, SR ARIESEAE, ISRl b
S, WIREERBRBY) N 10 mL, BL1 /L 3k
Bl R 20 R CATS pH Oy 6) LA, JERL Y iR 5 =%
il EAEE SR, ] HPLC A IR HH i P R Al i 2 iRk L
55 LTI B A I BRI PR AT, DS A i A i
BT SNSRI P&, P A b A 0 b i i B 2
(R BHAS VAN B &t 5 A =X

0=(Co-C)Vim (1)

X, O AW EBNASEAIR I & (me/g), Co N EAEHTFE
i PR LA BRI (me/L), € VRS B s 5 A
TR B BRI B R IR (mg/L), VO R RE S AR AR
(L), m AW EEAE T E(g)-

VI B AN AR i 2 B T AOS AE eE, 60% LT
(RS pH v 2)FEBRIEF, TGS IR pe i 2,
HPLC for e i Hh R BBl e 2 IR B2, >4 3L HH R e JBE v
NSRBI RRRTR 58 4 R T ST

=LCV/(Om)]x100% Q)

A R (%), Cy R e A I T b F2 ik ol
BRI L (mg/L), Vi AR e A e it v A RA(L) o

3 ZRE5T®

3.1 BRARTEABEFRSEEHRRIRIGH &
P IR B RE R I R P LRl <, AR

T R B R S TR R AR 78 0 TR, PR R R A

HRBN 50 r/minl, KRR SHCR I E 1 TR,

ALAEH, REEE 72h i, REER A PR E 9

/Lo I AR 5 0 5 W A A B el T 42 20 g/, DAE
15 - 18
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W
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/
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6L AT 20878
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Fig.1 Variation of anaerobic fermentation parameters of
Propionibacterium freudenreichii

Fro g AE KT R AR . AT A 84 h i, AR AR
H T s Jid SR I IR R AR R 2l K&, I\ DMIB
TEUE 5T TR AR N & BB AU B 12 22 (Ado-Cbl), LI 4
Mo TE N 12.63 g/L. KEEZE 1320 I, RER AR
TR R ER RN, KIS W, i HPLC Al
IR A It SR T B e 2R FE R 16.29 mg/L, e &4t
TN 13.51 g/L,

it SR A fr 2% 2 B DA R AT B 11 i P P 4
PRI VAT 2500 i FH A 7K B, fof i 1) T R R AR
FE R JFE R BRI 4 5, SR 7K I A8 i pAy 1) ot S
AN B S, 10000 r/min #4638 R B0 5 7531 i 4
R B AR BOR . T pH £ 8, KHE T 8000 Lux
JE R R AMT TR, B A e AR A R R i
. RBOUBDGMATE M HPLC W& 2 . WA
H, SRS, BEIRIF R R O, RS
AR T PR R . R R R RIRIE N
53.74 mg/L, #5555 FEMUR i U B G 3R R BE 2K
WRIEAR o AT L, B0 SRR Bl i 22 ] e e i e Ak 2
B R, ZI R YEA R B Ak

100

80 |- Deoxyadenosylcobalamin

60 - T
o 40 -
8 [
§ 20
5 100 — : ‘ : :
< 80p

60 - Hydroxycobalamin

40 -

20 -

0 L 1 L 1 L 1 L 1 L
0 5 10 15 20 25

Retension time/min

B2 2R QP RRAT B A I SR BB h Jie SE IR P Al e 2R
DGR B e RO i
Fig.2 HPLC chromatogram of the photolysis products of
deoxyadenosylcobalamin in Propionibacterium
freudenreichii fermentation extract

3.2 WARTHIE
3.2.1 RFLI AR XS 2 J il e 2% 4l ot PO R S TR B P e
ST T 8 BN [F] LA AT 3 Tk Al fe 2 4l ot )
AW AE, FIA 8 Bl ARIITE 24 h N IAIR PR AN, I
YRR B E A 3 s, ATLAEH, MFEZLT, AH
KA R B 1 REAN IR, Forh CADA4S IR AN IR Bt & 5
i, 15 20536 mg/g, HON LX-50B, Ay
197.34 mg/g, LS CAD45 Fil LX-50B i#E47 5 4Lk
56
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25 {6 (<2) Bt 745 (>9) B e 6 5 43 M- 06 1 2t e 26271,
B 200¢ [ ] B BEHERT pH=2~9 4AFF, LX-50B AL IRx il i
s ] — R R O RIS SR 5 . TR
g sl T th, pH=2~6 I, LX-S0B %35 e 36 (LR B B
2 10 B pH FHEGTIHK, L pH—6 BRI RLR R, 35
g 7s) 203.87 mg/g; pH=6~9 i} 7 FIIEL fff- &8s - B4 . A 1tk pH=6.0

E o 9 FAE RS pH.

0

HZ830 CAD45 CAD40 LX-20 LX-50BLX-412 LSD-1 LSD-2

Macroporous resin

B3 KL T g 0 Ak e 2 0 i O VB B 42
Fig.3 Adsorption capacity of macroporous resin on
hydroxycobalamin

3.2.2 KALWRE XS B SEURR A e 3 e i b R R e e 2

(PR PR 1

B R e R Al KA VE T 8000 Lux 515
IEAMT T, R AR IR L 2, T
CAD45 FI LX-50B R FLAR g X0 I 80 e 4 e 30k
PR R RS B R R B R, S5 R 4 R TTLL
i, BARFEREERE e, ma Rk
BhGFE AR, 2400 1 nTREA IR o T 45 M R I A 45
BT 1R TR, LX-50B R T i b e
Bz, BB AT 1 BT A G I B8k . 42 CAD4S
PRI PRI, Rt e 2R W RN 2% 0T 1 F 0 52 4V 2k HL IR
T ARG AR, REH CADAS AR PR 4 i
K, AL 1, RS LX-50B 1E NHEHR AL
i i 2 (PRl

Hydroxycobalamin

Adenosine

Before adsorption

Adsorption by CAD45

Absorbance

1 Adenosine
Adsorption by LX-50B

0 2 4 6 8 10 12 14

Retension time/min
B4 ORI Rt it AU it fre R 2t o i
F Al 2 2 Y PR P
Fig.4 Adsorption properties of CAD45 and LX-50B
macroporous resins on hydroxycobalamin in
deoxyadenosylcobalamin photolysis solution

3.3 pH EXI K7L BE IR E HIFZ MR
R pH B2 RO SL AR IR R BE 77, pH I

210 F
200 [

190 [

180 [

170 [ _//
160 [

150 b //

140 [
1m///

120 - %

Adsorption capacity/(mg/g)

pH

K5 AR pHE T LX-50B KU AR PRIk bl i 2 0 bt &
Fig.5 Adsorption capacity of LX-50B macroporous resin on
hydroxycobalamin with different pH values

3.4 SRR pH EXTRRIR ZR AR

T A2 R LA P R ok R s FH e ), 5 P
SHEANIERIELL, LB 224 UUARE pH E 50%
LTV TR BRI, 43 T N PR R 5528 0 el fe 2% R R 1)
LX-50B Mg, LA, 586 Fin. afLAGEH,
pH=2 i}, 50% BV iR R ik,  HLBE pH E 3G K,
FR R 2R R [ o IX R T IERR IR BE T R BB R oy
TR 5 RA R T, 5 I A T 5 AR 45
BREIERER M HYEH TR, RikeimE
D5 KA RG5> BS, U 2BV R R 1T

100
60 -
40 -
20 - \\

2 3 4 5 6 7 8 9
pH

Desorption rate/%

Bl 6 NI pH B Ix e 2 AR R s R
Fig.6 Desorption rate of eluent on hydroxycobalamin with
different pH values
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3.5 SEBRFIRE X RN R A0

e pH A 2 BIAN[RIR FE I SRRV, NI B2
R AN LX-50B KA RE, 25800 7 (0 g i
ReJ1, WK 7 Bk, WTLAEH, BE SRR R N,
ffe R 2B EIE N, SRR 60% M R FE R K, A
98.45%.

100 - —
80
60—

40

Desorption rate/%

20 H

20 30 40 50 60 70 8 90

Ethanol concentration/%
7 LR R O
Fig.7 Desorption rate with different ethanol concentrations
3.6 SR XTIk M 2 AN RRIR R A S
At Al i pH A 6, HUEUNFE A
AN AR AR B SR R, S5 R LR 1. AT RAE
B bR A, AR RS . IR TR
F e FECRRRICIE 5 KALW g R i 78 70 #efid, HETTRE
M A6 T FRD i R TR B 6, L A e o o E 2 18 PR i B
&), PrLUEEEAE T 2 BV/h 1) EATTUE AT R
1 BRI IR E A0
Table 1 Effect of loading velocity on adsorption capacity

Flow rate/(BV/h) 1 2 3 4
Adsorption capacity/(mg/g) 211.32  208.56 199.14 189.07

W 60% ZIEVETR pH HE 2, UAS[HP s 2
FE, LR, ERWE 2. TLUEH, BELEBGRR
I, Pelbige N R, X DR A e i T A v s e B
5 R BRE AR i b PR 2 S i e 2R () A8 Hel 8, AR BRHLE
AR T R IR R AR e IR R T ORI - 45
HRPRRAERCE, EHIGEIUEEKT 1 BV/h.

R 2 FERRE IS RRIR R A2
Table 2 Effect of elution velocity on desorption rate
Flow rate/(BV/h) 0.5 1 1.5 2
Desorption rate/% 98.03 97.56 96.13 94.09

3.7 LX-50B ¥A5 IR M 2 BER B P VSR B S iR R
TR I AR BOM pH £ 6, L 2BV/h itik |
¥, LX-50B Mg B b N RN, R E T R
HR, BRI TR R R A f 2 VR P 5 B U A FE A [
B, A6 AR B PR, L eE SR R A e 3R 76.94 mg,

LRI PR 5 7.69 mg/ g« -5 Bt 2 0 il e 2 4 ot Vs VR AH
Eb, VORI B B SR BRI, IR TR BRI P R
BRAMED, ST R RRSWIERTEM, F
SO Bt B

V5 R A 9 5 i 2 LR 1) R AL i FH 25 8 kit
FEBE 224451, PL 60% LB (pH=2)EHe 57, LL0.5BV/h
AR LA PR . PEi R 0.5 BV B, FREES
e FFAEPDEL T K Vel &4k 3.5 BV i, JLF5%E4
Vet VEBCESA 4 BV I, HPLC A% b e 3
Bz, BCERIYEILAE R, BEEN 96.88%, HPLC i
IR FR R T e B O

2 ISR AT B R BSR4 LX-50B KFLM AR — X
PG, AR IRE RN 53.74 mg/L $Em
1863.32mg/L, i 0.38%IEFHZ 15.73%, HEHRIA
FAMRYR T 22.5 1%, FRIEEIGERESEIE N 92.46%, 1LF|
T RIF IR 4tk . SEGRETUEM, K
FLART I W B v T 3 G BE S I VR R K B R R B GVE 2
b, HEANSREHHERD, RBHE.

4 %

W % TR R AT BT A T i BBV ol 4 1 i e 2
G O R R R, FRSL IR, HEE T 8
Tl R LR R e et e R IR B e e, 588 1 AR
pH (BB B B2, 23 B 1 ANFIURFE AN pH Y 2%
TR DR IR A RS 50, B FT T A 2 o) R B
fERTZ I, 153 PLTF 4518

(1) HJ LX-50B KALBEIR B Rt fie 3, M b
FEVEW pH 2 6, BRI f&1X 203.87 mg/g.

(2) 60% L EEAELEIEFINT, pH=2 B fRIR 2 55 T

(3) ¥ 2 RN RAT T K I SR OG5 , 1755 pH 2
6, LL2 BVORHARR )N e AR AR B, 1
FIE 8 7.69 mg/g. F 60% L BHA R (pH=2)A 0.5
BV/h RS, AEREEHN 96.88%.

(4) RPN 53.74 mg/L HIFRIEBS I R FE UL LX-
50B RALM g —IRSEHUE , el b el i R IR Ik
1863.32 mg/L, #iEH 0.38%EHE 15.73%.
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