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Abstract Presently, ocean acidification (OA) is escalating at an unprecedented pace, posing a considerable threat
to the chemical equilibrium of seawater. This acceleration has the potential to disrupt the marine ecological environ-
ment significantly, affecting various organisms. Among these, algae, the primary producers in the ocean, contribute
95% of productivity and play a vital role in material and energy cycling. The increasing acidity in the ocean could
alter algae productivity, subsequently impacting material and energy transfer through the marine food web. Such

changes may initiate a cascade effect in the food chain, leading to irreversible damage to the entire marine ecosys-
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tem. Additionally, algae’ s heightened sensitivity to environmental changes makes them valuable as “indicator or-

ganisms” for monitoring water quality. Therefore, assessing the ecological impact of ocean acidification on algae is

crucial for ecological research. This review aims to outline the effects of ocean acidification on the physiological

and biochemical processes of algae over recent years. This includes aspects such as photosynthesis, inorganic car-

bon fixation, growth, calcification, reproduction, as well as metabolic components and microstructure. The review

also explores how ocean acidification influences the molecular regulation mechanisms of algae, considering its

combined effects with environmental factors and marine pollutants. Furthermore, the article analyzes the limitations

of current algae research on ocean acidification and proposes solutions and strategies to address this pressing issue.

Keywords: ocean acidification; algae; ecological effects; mechanism of action

TEL 2210 150 Z4- 1L il T BORHER B AR AR
TR A DA R A At FH 288 3 5 A8 25 N 2605 Bl 1 5%
Wi, KA CO, WREE—H AR BT, EFRAEIE
% (International Energy Agency, IEA) % i ) Global
Energy Review 2021" H (i 5048 1. 7%, B 1990 4F L4
K, Bk CO, HE mFFE K ,2021 4 CO, HEjk &
IKF| 363 4 t, B LHTE . BUNESARAE L T2
51 4> (Intergovernmental Panel on Climate Change,
IPCC) W H AT A R HEL R CO, fifi 43k — S Ak 53
JE(pCO,) M Tk AL FiT ) 280 mg-kg™ b TH2] H A
400 mg-kg' Ze A7, T E] 2100 44 3A%] 1 000 mg-
kg™ DA BRI Y ETRA P CO, WREELL s
ATATT AR R i, VR S R AR A A AR
PO AELAE T ROR P 24 30% 9 CO, ™, A LR
HRAH pCO, Fhm, Kt CO, BHEFEMIL, 51 E
H'FI HCO; W3, {1 K pH H BRIRAR 2 119
R DA R B R 6 10 0 B A AR, 50728 1 Y VA ) i PR 3
ST, S5 B 2 1K (ocean acidification, OA)®, VA
IR IR SV A S R G0 Rk A A8 Ak, B 3 sl A] 42
XPELAE S I B s DL E W s sh Y ek
TE R AR 22 1 1 AR s U

WRVENEREAR RGP EENWIRA T H,
W CEAVE I TCHLRK [ 2 A BLaK , TTRR T 45k
—2B UL ERRIRAE ) SR S AR YR
TEAERREBTE AR R G R RS T A 0, B
FHYER PEAL CO, i v 2R 25 2R G2 52 e 1Y 2F ) 5
RS R TR A SR 90 1 T R Ak 0T 8 25 1) 52 i) EL A T
BLE S, AR R 5 REK 11k
SOV R AU S BRSSP R R B R
b, BHESE BSOS SR AR A5 B
TR PR AR | I 25 5 ) 2 1) 0 T A A LA R 5
SYEETTIH . WA b3k ) SR PR R RE Bl Y
KRACE | SEBRIAGE e N B — 32 B PR IR Ak 1Y 52

Wi, AR 52 3 T 0 AR 25 2R 8 vh BRI TX 1 (491 4 it
JEE \UVA)RIEEE TS W) (01 AN s BB Rh I &
SN I HAT AR B FE A5 IF R il 2 A o ok I
ST R A Jp 3 W 7 P 22 5 5 DR A 2 A L B
FAR M TIRE , N3 )2 1148 705 TR PR R AL X B 2 1 32
MABLH] IR A B M A S T AE L &1
JUAFZ 3B 5w BE AL, JC R B X PR AR 4 A
LORFUFEIHAT TR . WA SRS, T L
AREIIIEST , FE A R SR TR AL ) MR T 6K | 2504 1Tl
TERRAL XS BE2R AR 252 RN KR LA, g 4z ThT T
BRI UNART R N TR R AL AR B EIE 2%

1 EFER L R i 2 A 1B A LT 72 9 B4 1 ( Effects
of OA on algal physiological and biochemical
processes)
1.1 JeEIEN

A VERIR M 5N RIS T ) UM BE 1 52
e () SRR A R AR HAZO R 2 ASOtRER AL R 4, B
JeFRg T (PS DHADERSE N (PS ), JeiEMRME
HFRNE V()R . H B F2ak 8 A 1L )5 45
4 NADP'JZ i NADPH, 5 X 28 3o H1, 1% 328 Y L 1
A LUE R ATP 53§, &5 % NADPH il ATP 2y Ji5 42
(Bl e it AR B A 5 ) DA K R B T ik [R] Ak B BRI
B BRI A 2 e L A2 SRR E WAL 22 RE , S TEHIL
Bk B ALK AL

WFFERA, CO, ¥ BE 34 i | A0 2 3 532 v 4
BERMDEERGEGER ), — T FE PSR+
OTEPE T R, D6 G i 1A% 3k | BR ARG RE e L AL
= SNTIDOR: TSP e (3 E s BT AL I R D
i — RIS BOR R ER i VR RR AL e
ARG M L, He i 2 3R SO S B O et 20l
BTEVERY B AR bR, HAR AT LA A 't BE 1 R H,
THF VLSO EVE R S5 FI T RETE P, Trimborn
SECHEATR] pCO, ZKF T IE T 5 I AT A 4
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Table 1 Effects of ocean acidification on algal photosynthesis
SRR BER pCO, KF/mg-kg™) TR (8] ik
Effect Algae species pCO, level/(mg'kg") Exposure time Literature
EC BT
‘ﬁ. %.EEH@ . 800 14 d [6]
k| Fragilariopsis kerguelensis
Inhibition LI
IRV
RHE 700 8~10d 7]
Enteromorpha clathrata
eSS 7 KL
i RICALER 1000 28~42d 8]
No significant effect Karenia mikimotoi
SRVIIRE 7
A 1 000 72h 9]
Jingiia Skeletonema costatum
Promotion ke
nRHR 1000 2h [10]

Pyropia haitanensis

SR 1 JEe K e B B M R (FLIF,), 5 R R | B
pCO, KT+, e RN SHUBEIR 2 T R
e RUIR Ak b 25 A e IR BUME AT B R A 1E
BRULZ AN, A 62 A & A28 At BE A8 B LD
WP R AL X O A VE B 52 . Trimborn 5
WWFFE T IR A X R E A 2 & = AR 1L, F
FEERBANEER a S EBE pCO, /KB T = 1
%, B0 AR B G ) D PR AT B PR AL SR D o T o
K, sl B B A R LR
FERERED W TCHLRR I o B R R I R R 40 L 19 pH
MIRRAE o BRALMMEXE AV Y TR0 R A & BT
RAVFEIE A M A BRAE ST & B = vk CO, fili 5%
WELEREIITRET 25%

R A TR M R AT 3O E 1 H
F 2R AN R B — B TR, A AT 6852 M 1
ORI OEAEN . e Hu S5k
TR BILAE 5 I XV 1R Ak W 30 B S 5 T 1 A A2 Ak
5 X RAIAH EL , pCO, 7KV T i 1) Ak 20 JH f R %
HL P R (rETR ) ¥ 5 1 29 10% , {H2 25 5 IF
ANERFEP>0.05), 8RR F =19 pCO, KFXTK K
HUEEEMDCAE A W, Wiki#E pCo, /K
ST AR KA R 2SR DL A
Wi o7 5 e B AR 1, DA AT 4 SRR B TV R AL
X B A PR 52 ) ELAG ol i) S e, % B2 1Y
HAVEFM 2 BEAT nl Be e ol A vl gk
VERTE S AR T Y L (v a8
1.2 Rl E

BRAENNCA B FRAEY, DLV YT ALK
(dissloved inorganic carbon, DIC)/E M #kIE, £ & H

CO, \HCO; .CO," #iEa, SLPrifgr i 95% Y
TeHLEk LA HCO; A7 7E,CO, K5 AE] 1% ,FF H
CO, TEA S H B HOE 29 A K H iy 8 000 51,
PRI CO, TE 32 AR TR i 7K 2k R 0 v o — R B il
TR TR HEAT O A ]k 114 O 5 1) Bl ——42% T
HHE-1,5- " W% 2 ¥R 1k ¥ (ribulose-1,5-bisphosphate car-
boxylase, Rubisco) H fig LI CO, 1E R, H X CO,
(2R AT ELAAIRT ) PR A ik O 0 & 2 31 ™
YRR, BRI AT R Ry T A
BRI B T —F s 2 B i i AL Hl——CO, WL
#i](CO,-concentrating mechanism, CCM)"™ (& 1 (b)),
L CCM AL, 35 240 Jfd i 08 1) FH Bk 92 15 it (carbonic
anhydrase, CAY =¥ B /Y HCO; [1] CO, ¥54k, ¥t
#2157 Rubisco & Y CO, ¥ J&E, BRIl 75 {I ok i
CO, 158 52 3 o 280 11 Al , 33X 7> 2o 7 2 e 25 1)
DIC 53t ik 1) 55 W, A2 R TC AL % Ak A BIL 1Y
B, TR AL 38 1o 52 W 3 25 19 CCML 2 T 5 i) 3 288
G R R

PSR T AR [E BRI X CO, BRI 1A
J X5, % HCO; 1y iz L KA AR AT BT A [R) 55 35Ol
A5 [ B Y BB (AN Rubisco \CA 281G EEAE S,
AT R T TR A X 38 SIS 114 D' T itk oo R 2 i S ] (3R
2), —Jr, R ERAFE R pCO, BEME T i
CCM HHRHE YRk, BB AN HCO; FIHfE
JI N, T HCO; #AFA R R b, A5
A 0 BE PR A MY Y o6 A [T B, Shi SN BEHL
T3 FhOAS[RI 26 B i ik e —— i TR BE e | — A T
BRI BB IE R JBTEIRIL = CO, PR
M T RKIAYIME, DF S5 RFR pCO, ARG F5L
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Table 2  Effects of ocean acidification on algal carbon fixation

SRR, BN pCO, K F-/Amg-kg™) FE RN (8] SCHik
Effect Algae species pCO, level/(mg~kg") Exposure time Literature
8 Bl PR %
Thalassiosira pseudonana
f it =R
= me 800 40 generations [14]
Promotion Phaeodactylum tricornutum
Chaetoceros muelleri
TG i 3 rh B B
L . 1 000 3-44d [15]
No significant effect S. costatum
£t AR
. ﬁ]k . ﬁ, 850 21d [18]
Inhibition Ecklonia radiata
CO, «——>HCO:s
Energy from
sunlight
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fixation

P680 chlorophy T

Rubisco

( VWFI% 1.5 Aﬁ%lﬁiﬁﬂ:ﬂnﬁm )

Efficient carbon € ‘E/J\)tfﬁﬂ:

Calvin cycle /e 5052 15-NADP*

D 7
Plxstucyanm J
\) ] TR e A
il P700chlmophy|.|

\)
4

reductase

8 ADPH
AL R
Ferredoxin-NADP-*

ADP* + H
BAURER

Ferredoxin

ATP
- ‘(AI)I’ +Pi

RGN

PS1I reaction center

M1
Tof st PR 2 A H

Fig. 1 Algae photosynthetic electron transport chain (a) and carbon sequestration mechanism of algae (b)

T Qp FR UL T 4, LS FEL A

AR EY RG]
Cytochrome bf
complex

ATP5 i

PS | reaction center  ATP synthase

S EVERIETE (a) FIE R EIRRALE (b)
W E BT SR (PQH, ) AL (43R bf E-5 Wi T PQH, BIFUA R (PC),

Note: Qg stands for double electron transporter, which can accept electrons from the surrounding medium and 2H" to

reduce to plastid hydroquinone (PQH, ); cytochrome bf complex catalyzes electron PQH, to plastocyanin (PC).

3 BRAEETE CCM AH G R 2238 1Y T 18 LA B [ fi i %
(BN, I LA FC A 6 8 110 T3] 180 238 2 B0 1 0 I
FIEE /R, LR R AT e th TR M BB
Rubisco X} CO, WZE M I B A, 5 — 5, A s
FEUA TR b RE 5 6T 36 28 14 06 B [T st i) 17 5 620
HVERTE ST pCO, KT RAECLMAA X, B

i CCM A SCIEFIF IR 1Y T IR BE IS T 44 —F /0 e &
FHF @15 5 & — B3 2% pCO, 7K1 Tt I Tt
B AN . 5] 4 Chen A1 Gao™ Wi 57 & L pCO, 7K
SR T X B AR B T AR T AN 2 (P
>0.05), H: 5 X a] B S H%F 0 HL R 1) W U AE 2 R
CO, W T &Ik B AT,
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WA AN T LA B AR 4518, 8 A B 5T R B
PpCO, T2 X 2O A [ B 1l 7 T 52 0, AF 5
S35 AR AR RE S T T X 3R 97 T 508 43 S A T
fi ke, —JE ARSI BE 3BT, BRI VT BE 2 il CCM
FROCAE W 1, BRI E 28 0 T e g o™,
AR I A BEHEI Y AL T e 70 2 2 Y
g 5 G RE RN 23 S BUSL A G IR E 7 5
IR, S B e > 25 B TR CCM
VE BESSHEAT e 25 e 1) — S FEZE AL, O, i m
RS RS CCM AH DGR 3k 1 T I LA
X HCO; Fl CO, FY 55 1 7 o3 AR DA 17t e 45 35 248 Jd 1)
G B A i WA AT gl PS I iy s -4 i
AR B TR R A AR A2 A K AR, A
W E S 1 ' [ Ao A 1 T2 fr o i g B2 R
GRS AT P DR B TN
1.3 Ak

A RTT LA R b 2 e 35 1 52 ) 1R Ak 52 o 114 i
JE | PRI RR AL T 28 A R A S e AN AT Bk
FFEERAE KM, i pCO, THE SRR R L 2
IO, X TR R AT RE A W 5,
FARE] X5 T pCO, T B i B AN R (3% 3).

— T, X T RES BRI CO, By Wk
Wi, MK CO, VR BE M8 I ZE i 1 38 28 A K Y i B
i, AT L B sl ) CO, #ah i B B A
VERI TS AR T 82X CCM AR ST, I T 45 4 1)
Yim e TR A JF H CO, Y n A i
K CO,/0, HAEIE K, IS4 iy el /R
RIS A A QKT BT/ D T e VA #E (2 T
BERAER G Iy 1L s — 2™ A% R CO,
(R ER S A PRI S R B, A X T IE R CO, MR BE 1Y
PRBE AR B VR T CO, T 2 X AR K A

o R —2E HAERIFH CO, MRE S, AN BE i
B AR RN S, YRR AR E 7 A4
A pCO, AKX e A K s, 5 1% pCO, 7K
SEARLEE, pCO, 7KFJ9 800 mg-kg™' 2 1 600 mg-kg™'
I ff e () AR R R 3 0 N R T 17% H132% , 45 3R 3%
BIRRALI S T, k22 Rk g R, k1L
X F AR S M AN SR TT LR A AL A
K WEIKRR pH A, CO, Wy ik i
pH (TR, B0 pH FEAR, 17 3 i BR 55 A8 )
TS X AN 2Z 41K pH BRI A K,

Xt T REAE B A HCO; b — A Bl %
pCO, T 20 X AE K i L 2 &5 1 IfT 52
M, 9140 21 9 e 20 3% BR fig A A Cco, b fig R
HCO; , 5K pCO, /KBy Tt w19 4 K T8
W25 5, FBA R T HRSE CO, MR BE T X R
LINESE A YRR Y B R 0 P e a
T2 CO, Wz, BV IE# 7K F CO, ¥ B Flfm CO,
W 2R IR CO, WREETH i I 1A B 35 ) 1%
AR ORI CO, WREE MBI H & 5L
HCO; /Nl A4k, SRE S R R A £ 25 Tk
WS AR  (ERAIF S  m H 7K R Ax oA 4 S B £
TR P, 33 b G 5 0 B LIF 45 8 pH R BRI
TR BRI MRRA, Wi T AR, & BT
W BESAE RN IR Ak M 7 1) AN [ 051 45 A TE ML ik
W ASCAIL ] B ARG pH i 32 A5 AN T
1.4 B4R

LR L HCO; 1R T ALk I #4755 1k A
FR B HCO; #E4kh COL> T R A0 25 75 40 i 26 1
RIS R ANE (RN CaCO,), 54N AT
BRI , DATTRE JCHLRR DI T 328 32 311 IS TR
P, SR A B Tt B BRI IE A T R4 T

R3 EFBRUNERERKNZIG
Table 3  Effects of ocean acidification on algal growth

SRR B2 pCO, 7KF/(mg-kg™) B SCHik
Effect Algae species pCO, level/(mg-kg™") Exposure time Literature
2 it AP N
et Wk 800, 1 200 374 [20]
Promotion Alexandrium minutum
PRIES AL AR Y AP d
Lo i SRR 1000 14 d 2]
No significant effect Gracilaria lemaneiformis
BE i T
L . 800, 1 600 48 h 21]
4] Thalassiosira punctigera
Inhibition VAR(TY; e
4 800 8 generations 23]

Trichodesmium rythracum
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HEMEH, mMEEEK CO, WREET &, £JZ KK
PR ER RS A & A2 2R, CaCO, 1Y 1R AN B LBl 22
TR AL AR ST T B, DA R M 5 46 R
IOV VTR A T A 5 A S SIS R D RSB
VRS S4I0E B T R Ah % 3 285 Ak 1) £ 800
It HAHES TA LB 2 MO S AE T, 2 Ak 30 X6 L4
A AE RS2 e 5 I BA G 20 AR A 2R 2 LA AR ARy
TP B Ak 5E 0T 18 Ak i [0 () — T3 B 2L 48 FR . Riebe-
sell S5 PMIFFE T P R A X bk EG 804 8 AR PR R A
FEESAL SR R, 45 S R T B S 1B R XT pCo,
AT B BLR A R N, O H S WA B L, K
TEBR A 5 0 5 Ak 32 381 R SR ViV R A 1) 97 T 5 g B
KX FHRKEFEBRA BEXT pCO, AR Ak R,
I 85 A 28 o) R Ak 1) o) 137 A Ae] 55 3 26 X6 pCO, A8
Ay AR B R OGRS R R A A
Fa REYEI CO, e T = 51 11 /K R 1k
X A1) 2 P 55 A 23 A T Sl S L sk e 41 o
VB Bt TR AL AR B A IR 3G n . BRES L4641, i
AT DA A2 72 A S R 90 R A X 8 218 1 £ T 52
PR AL T 45 A0V FH %) A7 T ] 42 3R 3N AR 55 ST 1 e A8 1
o WY, Diner S5 i i LA & B, W E CO,
LB A IR 22 s B i 8 | B
96% F1 93% , 5¢ st P Al fE & PH o HY 25 3 B4 o
SR LA SR S 58 iU B4 b7 3G WA Al
EERTAAIE B, FR AT UL V3 2 Ak 32 28 2l o
RAGALER SN CaCO, 4514 A A | HI) 55 15 i 22 1Y
TE G B i v 5 S P W I 3 117 X 38 288 ) 5 Ak A
AT R $E . B3] Iglesias-Rodriguez 5% #2 1
5 LRSS RS AW A B 58 5 R IR
X T A5 AE R 2 B Z R0, b 1 3R
Iglesias-Rodriguez 45> i SL B 25 5L, Shi SR T
pH/pCO, il ) I3, 45 R & AR B A pH DA K
By pCoO, T, M FQ A 3 1Y) 25 1k 3 3 i B A BT
Hahn . AHRTE SRR LIRS o2 AR R Y
iR T EE P SARSY , AL AT
T SEBRAL TR R Ak 1 PR, BRI — LA 58 A B
BIXE FIRBIBEHAT 1 HR9T, A ISk i 20T T 1
PR AL FREE BE 08 UE 4738 N M R % . 40 Benner 550"
TRIE T A A 86 BE 1) pCO, X ik IG 0 A1 93 < 1 9 1k
700 ZARF I, 45 5 5 Riebesell 255 (1) 5256 45
AL, W58 A IR RR AL 25 A B 5 AL B BG I , Ao 45
SRR W I A1 1V A1) RE 23 08055 B 22 000 B e 2 1) £ 4
B3N, [FIFE  Lohbeck SR T —B 4518, 38

1o RIS A= B R 500 R pCO, 3 B 2 LA H
B, BIVES AR 3R N S s B AR D TR pCO, i
N ORI AR A BRI A5, A5 4k
PEAOTEE TR A Y RIS A B s 0 ] g 2l o i b ik
A FN TR A M | DA T DR T T R A B AN A S

W B LT LA P Ol R A SER TR S
A TE A 7, LAz FR T 200 B 52 M3 A AN ] EA T g
N A BT 2 R (GR 4), I B Ak pF9E & LS AR A H
FER AR AL RS rh 30T 3 N M A | (2 HLAR Y
I3 TALHNA T E AR5
1.5 %

TR 24 B A i ] B AR 2 2 R A RO
BT IR Z R AR SR  H B v R AL AR R
PRSI SN EE T A B B, AR A 22 W i 2S A fi
JE IO B BE (2 55 23 WL B B LU, SO0 B Bt
SEPR ARG 2 RIS R s, 2 T AE A
SS9 B 2 B, PR A AP 5 T P TR T o I 78 21 L 3B
WLETE B B s BT S8

FRAT3E Ak A ) SCHR R 2 A B, VR AR X TR
RUPE A BIE B2 i 5T 245 h Tl H . IR
A3 L 5 6 AR R AR B A A AR D) R
2 60 114 2 A SRR S T g 119 TOW B B B, Roleda
S5 P S B ARG M TR TR AL IR B, B FE R T X B
TS %4 B BT Ui A8 W R RS e, 4 SRR W
pCO,(fik pH) i 3 B AR Ui 2 461 W 2 %, JF H &
pCO, AP (pH=7.5) 5 KAk 2 (pH =8) AH Lk, Hi &
/DT 25 13% ., [RlFE Gaitan-Espitia 255 — 5l 28
W, &I pCO, /KT T i Sk 35 AR B 3 17 i 76 - 1Y
REFFRLDL R IR T 1P T- %, Xu PR
T TR R R AL A SO & B A 3 %) 0TI S
TE CO, & B2 Tt A% B0, TREHY 10 07 T 461 1 &
R MERC T HE TN A L S 2 R R AR, 5 E Lk
ST, TR AR IHAE Xo) 38 218 B 1Y) 171 D 5 M) 32 2 3R IRy
P WA T A, R R TRt T H B 1Y
SR T 20 A 35 P, DA T T 4 4 SR
SEMAN AR (R PR X pCO, K F-TF
1R A 7 5 BRI P e RO 28] g A i M A G
4N, Gonzalez S5 'WF5% & B pCO, /KTt i X 1 358
LF X R ZECR IR FRIR A W5, L nid
AW K I, HE R pCO, K- ZAE T, Wiy Bl -+
RA RIS B2 RFE R ER RN AT
FTEHE RO B TR 38 4 e AN [w] | [R]— A
PSRN R B B8 B B B b AN (R 5).
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Table 4 Effects of ocean acidification on algal calcification
SRR BN pCO, KF/mg-kg™) TR (8] SCHk
Effect Algae species pCO, level/(mg'kg']) Exposure time Literature
A 3 itk G A 900 703 generations [31]
Promotion Emiliania huxleyi 1 100 500 generations [32]
FRTE S Al S P
: .%‘E/n EIE b 740 12 d B3]
No significant effect Syracosphaera pulchra
i E A 3
E. huxleyi
. 750 9d [26]
KREEERAHE
Gephyrocapsa oceanica
ik 115 3
L ,1 - . 1164 ~1208,2 415 ~2 523 28 d [27]
Inhibition Halimeda opuntia
2R FL A 4
Calcidiscus leptoporus
1 380 7 generations 28]
DU LA
Calcidiscus quadriperforatus
RS IBFRAEXREENZM
Table 5 Effects of ocean acidification on algal reproduction
SN RS pCO, /KF-Amg-kg™") Rgnt/d ik
Effect Algae species pCO, level/(mg-kg’]) Exposure time/d Literature
itk i
b = ﬂi@ﬂ? o 1 300 28 [40]
Promotion Saccharina latissima
o FE# LF
e e 1 300 35 39]
No significant effect Lessonia flavicans
F # MP 820, 1 200 42 [35]
Macrocystis pyrifera 1 800 13 [36]
7 et
Inhibition Saccharina japonica 1000 ~2 000 14 ~32 B7]
BB
Lithothamnion glaciale 1120 30 [38]

2 EFERUTERERRIEA SRR ( Effects of OA
on algal metabolic components )

BERAC P (N B 8 H 5 BRK AL & 055 ) Y
B2 52 B VE R A PR BE Y 52 R R 2 R 1
PCO, FKF- T B[] i) 23 4 B8 A R 5 A= AR 52 b
(43 187 P R T ) G P S S D AR BRSO R
XA P Y 2 B i 2R A AU A o0 Y B R
A, TR AN, 3 R R AL R HLA AN ]
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affects the nucleotide and protein biosynthesis pathway, and ultimately leads to changes in cell behavior and morphology.
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