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Effects of Vitamin B, on the Responses of

Pyropia haitanensis to High Temperature
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Abstract: Vitamin B,, could regulate genes expression of algae, improve the heat tolerance, and participate
in the interactions between bacteria and eukaryotic algae. However, knowledge is limited on the physiological
effects of vitamin B,, on heat responses of Pyropia haitanensis. The physiological indexes and photosynthesis
parameters of P. haitanensis were measured after addition of exogenous vitamin B,, and methionine. The results
showed that the growth of P. haitanensis was stopped under high temperature stress; vitamin B, decreased the
inhibition of 3 days of high temperature treatment on F /F ; the control group had obvious rots after 5 days of
heat treatment, but no obvious rots were found on the thalli with addition of vitamin B, and methionine. This
study indicated that vitamin B,, and methionine could strengthen the heat tolerance ability of P. haitanensis, but
the mechanism remains to be further verified.
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AREVIEI, BRAEERIERRIVERKE P REREEN, P2 KR B R4EE R 1VE R
R Hb 229 2SR kAR £ B, (thiamine) MIFEFREREERL, 5% JE4E/E K B, (biotin) Y FRBRFH
BT 50% iR E4E4E K B, (cobalamin) [REFRERIGAI . Tk diA: K B, W RERIET
HALAANRR, A R B, FEANA 5 B AR s ik 2 S E A

e R B ME AR HBE AN & L, HAZEY ARSI B, %G M L7 % 20 ZFEERY 2
5o #A R B e —FUKIE R &Y, XREER, RN G ZMAE s, AAEE
HilGThRE, HETCMM4EE R B KB4 20 280, W L0 4G A 25078 ( methylmalonyl-
coA mutase, MCM) . HRABRAZNIE ( glutamate mutase, GM) . HHLZ R & ¥ ( methionine synthase
H, METH), HrhEChEZAHEHm e e i . Fom a2 20 fubsisimz —, EEYN
B A ORI b P RO . AT R, B R RE 08t 25 i 5 S B A TE 25 °C T i
Mie . FTEARINIYE, —SESRAETE S —F B, ARHORI R T 7 2082 & 1 METE (B,,-independent
methionine synthase) , 7E% A B,, &M N 0] & R H R AR .

In483% (Pyropia haitanensis) JEFREREEL | WiLE M) KRBT ZRIGHRKME TR, BAWR
AT ARSI S o TR, Ix 5 SR 2 B 3R 0 0 0 e T el e R A A < v TR R R
B R, BIRESEIRIE P O E A TR R W AR B R, Bk B, PR AR S AR
BEILIEIRIL, RENS WSS AR TIANAE 1 . SRR B TP A BRI E AR B, 53
PR B BEAR Y S TR SE S B 2, A B RRE A AR R B, 4E4EFK B RIEES
IARTRIN . XIREESRM B, AR IR T H LA R AR R IO A AT BEIR], TR R B, TEIR 58500 i i b
IR RIEEAERE . o TVPAAELE 3R B, T35 525 00T v Tk I 38 s 149 52 i 11T 68 & 454 FH 1%
P, ARFREEEE TR TR B, RS SRM A BL

1 MB5F*
1.1 EHRRETEALE

TEVEH IR SR AN Z -61, MELKFET , IWEFHRIRNEAE G FRRE R 21°C, L
FREE S0 ~ 60 wmol/ (m® - s), JEMRJEIMI 12 L:12 D, 42 KRE#—WRIEFRE, B ERmE
M RIRIEIK , B FRERU B S Provasoli’s enrichment solution (PES) ! |

BUK N 10 ~15 em FOMERESEAA , 205078 21 CHI31 C FERS d, A THISE4ErE R B, IR
PR T e i e A 1, ARG SR A B I R B, BEA TR 10 pwe/L F1100 pg/L, BHNH
AR LT N 1 mmol/L A1 10 mmol/L, FPACHRE 3 MY ¥EL
1.2 BEKEMEES

O3 AE R TRAL BRI SR 0 KA 5 RIEFTIZE SR Z — 61 MR BE I & . FH 20 A W T 98 Ak 2 1 /K
gy, M EEEREE T SR R A B AR KRR A S BdE b L X RS2 50k [10],
1.3 FEME

VA E R DL AR B, T BRI VE R, X558 Z - 61 MERIKEAT IR A WSS, #nt
RUCEHERRALE b, X 72 —61 MRARIKSEFTHAIE
1.4 RRKEFFE

FH DIVING - PAM X (f8E, Walz) 5850 002208 KA ih 2k, it 5 £t 15 min
WEALFR S, S ARG (0. 15 wmol/ (m?® - s)) MR/ NICAE F,, IEIHE RS T BT
AR PO TIFHCRE  RIG, —10.8 s Bkl , SRR KIOEE F,, LRSI
()AL G AL T HPIR A, IR & T roi (F /F,) BB AR (F, - F)/F, . il 8 4
AIRSREE (166,607 ,1267,1795,2724 ,3395,4934 6578 wmol/(m* - s)) , FFZERTEIN 10 s HGAGE
D P e i 2 . AHXTHL PR % (1ETR) A A K tETR = yield x0. 84 x0.5 x PAR, H
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H1. yield ARG A BOCIFROR, 0. 84 FREKRLAG 84% A CHAE Y/ SR BTN, 0.5 18
L 50% BRI ERE M BC R RS 1T, PAR W b enysm i, Hestamy iz 2 FH/A S (Jasby
and Platt, 1976) ETR =ETR,, xtanh (a x PAR/P,, ) &, Hd: ETR, O ETR 5 RMH, PAR N
AL CIHREE , o AOGRREH S PR AL
1.5 HiESHT

KHAHHZE T 2 (one-way ANOVA, 1SD) #iAN[E] pH AbFRIY2ES:, P > 0.05 fREZEF A EE,
A0S P <0.05 (REEREE, BEITEX

2 #R
2.1 BEKEMESHSE
0CHET, IEFEMIRARR BE H 3 in# %6 AL 355 (2.77 £0.326) em/d, fif 85735 H 3K R
AW iK% (0.045 +0.0052) g/d (W3 1), 0fi31 CEEIET, mREILTE AR, HKEMEEEH
BEINEAR SN BN L H L 7% F1 9% , AR B, MG ERRAE R Ea TR IR SRR,
F 1 RERMMRESEME TRENSETYRKBKESR

Tab.1 The length-growth rates and weight-growth rates of P. haitanensis under high temperature stress

e SRS ORI S ISTIES fief o SP- 44 H B R
Test group AL/(em - d™") AW/(g-d™")

21 C 2.770 £0.326" 0. 0450 +0. 0052
31 CXTHRZ control 0.070 +0.026" -0.0018 £0.0011"
31 °C +10 pg/L B12 0.190 +0.062" -0.0008 +0.0005"
31 °C +100 pg/L B, 0.190 +0.084" 0.0003 +0.0002"
31 °C +1 mmol/L Met 0.085 £0.057" 0.0001 +0.0003 *
31 C +10 mmol/L Met 0.125+0.070 " 0.0004 +0.0005"

Uil EARTOA R TR RoR 22 5 W

Note: Different letters of superscripts represent significant difference among treatments.

2.2 FEEFEWE

TERRACFESS 5 R, 31 °C iR as (X Id 4 om
B R AR RIS (LI 1), TiZE AR =
Yk R B, M BLER T s L3RRI A H
BB, (HREEL4EAE B, 100 ng/L AL
AR 2R 1 mmol/L AbBHL B & B AR (L
B 2o fiskbmid il ) o BEIAZEA 2 B, FITH B &
TR R 0% 10 35 2 2 28 SR IR AR () T AV
2.3 H(ESH
PG e KB (WE2), fEE
AT, & F/F, W TGS, 4k
K BLALHE0 ~2 d B 5 XHRAAAHLEL F /F, AR A
WAL, TEACEE 3 d B, ACBRAAHER T4 w10 ug/L 100 }Lg/L 1 mmol/L 10 mmol/L
F/F. W% TR, 10 e/l A5 100 pgt g 0 B Mfl Met
FUF, AR R s, T FEPET *:”zi&;j;:n -
B R A B2 S A A R Blzﬂ\}fﬁzﬂ F./F, e gl.mder high t)gr;peratu.re stress
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FRREM (HRBERRD

523 4%

PR AL, FEEIRALER 0 ~2 d B SR RRAMLL F/F, JFRA REES, AF3 d i 1 mmol/L

ZH 510 mmol/L 4 F /F Y535 TR

AEBE S d 1 mmol/L 205 10 mmol/L 4 F /F,, #) i 1% T % BE 20

, {EBALH 4 d B 10 mmol/L 41 F /F,, H15 E K FXF B84,

o RRYER B, MR AR TE I &

TRFESRIT ek AE ) PR AR T B EAR I, BT T REAAE AN T

X B 41
0.7 ¥ Control
5\ raaa
$060 0" a2d af " 10 pg/L
=R a
E’ £ o5l bb 100 p.g/L
ER I bb
=204t 1
it S bh
2 | al 4
%E %o.g
a
;3 0.1}

(=]

15} [8] Time/d
a) By, Zb 3R
VLT . AR JCAH R B R 7w 25 5 Bk 3%

Note:Different letters of Superscripts represent significant difference among treatments

X BE 4
0.7 m Control
> ada
E 0.6F ®m 1 mmol/L
% % 050 10 mmol/L
-
S
E L
g: %J 0.4_
S |-
5@ % 0.3 [
;3 0.1}
0
0 1 2 3 4 5
H5f 1] Time/d
b) Met 4b#f

B2 IRZEFMHRESEMHET F/F, EHER
Fig.2 Changes of the maximum photochemical efficiency (F,/F.) in P. haitanensisunder high temperature stress

WG M E KB (WK 3), fE
BOKR, 4R B4, WA R4 AT B
e LA, X rETRmax | Ik A1 o B2
/N, ZEARHR B <30% , T iR AR B 3 d JE,
Yk K B, BEWR T (ETRmax, 10 pg/L 4 ET+
2160% , 100 pe/L 20 BT+ 30% , 1 H A &R
W EREIKT rETRmax | Tk A1 o, rETRmax IR 7E
80 247, Tk Ffll o FFEZ40% , midAbEES d 5,
JI A BRI tETRmax | Tk 1 oo #4058 B RIS
(W#E2),

M_ZSO - X BRZH Control

#4200 = 10 pg/L B,

=) 100 pg/L B,
= iy 150 1 mmol/L Met
M $ 100 -+ 10 mmol/L Met

' 50

=

2000 4000 6000 8000
PAR/(pmol -m=-s7)

b) 3d

200
W - X BRZH Control
# 150 10 pg/L By
e “ 100 pe/L. By
gﬂ*—” 100 1 mmol/L Met
i “ 10 mmol/L Met
£ 50
>~
=
0+ . . . ,
0 2000 4000 6000 8000
PAR/(pmol - m=-s™)
a)0d
60 - Xf BE 4 Control
= ! = 10 pg/L By,
= 40 = 100 pg/L By
[ | 1 mmol/L. Met
= 220 1 = 10 mmol/L Met
-;7<;
= 0 4
0 2000 4000 6000 8000
PAR/(pmol -m=2-s7")
c¢)5d

3 AE AT B HRE S 2k
Fig.3 The rapid light curve of thalli treated with 4 different treatment
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®2 RFERHEE 3 MUESH
Tab.2 Three parameters fitted from the rapid light curves

1] Timerd JFH Treatment BKH e Tt S M2
rETRmax Tk R o

31 C X HRZH Control 106.8 +2.08 * 570.8 £54.7 * 0.19+0.02 *

31 °C +10 ng/L B, 107.5+2.32 * 425.1+42.8" 0.25+0.03"

0 31 C +100 pg/L B, 106.2 +3.71 * 454.4 +41.8 " 0.23+0.04 "

31 °C +1 mmol/L Met 109.8 £3.23 * 545.9 +66.7 * 0.20+0.03"*

31 °C +10 mmol/L Met 114.7 £5.25 * 521.1£32.5° 0.22+0.02"

31 C X R4 Control 110.5 +4.20 * 913.2 +66.7 * 0.12+0.02

31 C +10 ug/L B, 166.6 +3.48 " 1017.7 +32.8 * 0.16 £0.01 *

3 31 C +100 pg/L B, 133.5 +3.46 " 1032.5 +91.8 * 0.13+0.01 °

31 °C +1 mmol/L Met 18.8+1.68 ° 297.6 +36.7 " 0.06+0.03 "

31 C +10 mmol/L Met 27.9£2.43 ¢ 543.2 £44.5 © 0.05+0.01"

31 C X HEZH Control 26.1+0.77 * 512.7 £56.9 * 0.03+0.00 *

31 C +10 ug/L B, 26.8+1.53® 550.0 £72.4 * 0.05+0.01"

5 31 C +100 pg/L B, 36.6+3.28 " 662.6 £81.3 * 0.05+0.02"

31 °C +1 mmol/L Met 25.4+2.84 " 888.9+73.6 " 0.03+0.01 °

31 °C +10 mmol/L Met 10.5+1.61 1056.7 +93.7 " 0.01 +0.00 °

Y. EARTCH R PR R 2 5

Note: Different letters of superscripts represent significant difference among treatments

3 Tig

SRR ST A b B DL A Z — i IRNE 20HR SR I A5 A B AR I U, TR
FREE iR aa F, ISR A AR K, KB H A KERIE 0.1 ~0.2 em/d 247, F50Tts i
REFERLEEAMEK (W 1), ZERER RN, 1555070 30 °C Hok b T 8 & 52 W3
B, ERZHE, LEaRSE ., HEASE ., MEAERS RS DERC, 58 mEmn FAK
RG], A SR A R SRS R TR, (RSN N4 E R B, P ARG,
WA AR LA B (WIE 1), ULIALEAE R B, M H R R RS B 5 b5 SE S iR R e 5
FERIL, TE R INA TR ACHE METE LR YRR 52 W35 TR, METH JEEH R fERmgEA:
K B,Ja, HA METH LRGN & FEVE RS A B SR aie, DA T3 = A 38 09 i $4 R

HeAAE R e T L AR BRI 22—, AR o T i IO 5 R AEURR A A PR N R R s N R 2R
JER B HULIE B, REOLE AR E R IR, S SERR B R NG G, IngsEnt
PRETEFIRIA T RTOLAESEERZ 2 m (WK 2), Fra sk F/F, 7R RAABERT 2 d BF R WL
BRME, 2dEHFE I (WWE2), Xa 5 R, 28K 7 -61 1629 CRil FHF2 d RIS
FRBE, XEARFITER SR8 AR T 4AER B, P MARLH 2 d J5, rETRmax |
Tk fil @ FREHFLNE (WLE3), XERFINT 4E4EE B, AH R s A S Ry e i, K
FAHRRIAEER (3 ~5d), 44K B, EWHE P IR LR E RS, dAEE B, A4 ETR
MF /F, B —SCERS, RN T GRS 5 WG A SECF R, =k B R R
WPRAREAR T ETR FF /F, , ARG T F/F, , HXF ETRmax B 1 5200

SRR IN4EAER B, — AT DME#FIR SRS i R . WA R 2 56 XPiiiE 4
I E A T IR S 5 P AR DM B2 32 X 38 . Giovanelli 251 BIFST % BUAR 4142 P 1) PP B 4
FRA WAN 21, K29 20% M B H FA B A S 5 &S, FT 80% M H i 2 ik H
TABEYARN FEZ AP EAEMA S - IR H 2R, T DNA. RNA FIE 5550+ 0 H R0 R0
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LA AE R D AR AR I I AR AR . D5 —TJr i, HEAEER B, ol LAY LU AR SC 3K (4 Y
RPORILFE A, 72 RBSIT AR AR A AT, T A SC R F Y& AN F A IR 4% AT LA iR 3 5
SRR, [HRXS IR PS I B O BRI A R AMIRES INAEAE 3R B, , #EAZ R B, ATREIOG 128
PUSHCEN IFIE, PRIE TOCRFMIER BT, fEEZAYh, 4EEZR B, al LI i 2 6 OB T 5%
(Riboswitch) X HFRHEH A FKSEATITT T (LR, Seh HATh AR R S 44 R B, A RF
Ko LiEPR, 4E4ER B, MG IRAESR S50 00 2 iR A I A 4% T BRI, (B I L LA 5 22
H—L
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