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Research progress in acidophilic algae

LI Hongyi, HAO Chunbo’

School of Water Resources and Environment, China University of Geosciences, Beijing 100083, China

Abstract: Acid mine drainage (AMD) refers to acidic water that forms when sulfide minerals are
exposed to air and water. AMD is generally characterized by low pH (<3.5) and high concentration of
metal ions, which is thus one of the most serious threats to nature. Acidophilic prokaryotes, especially
the iron- and sulfur-oxidizing bacteria and archaea that catalyze the generation of AMD, have long been
the focus of research on acidophilic microorganisms. However, microbial eukaryotes in AMD

environments often play a more important role in acidic ecosystems. Acidophilic photosynthetic algae
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are the primary producers and can drive the evolution and remediation of AMD. In this review, we

outlined the research in recent 30 years on taxonomy and ecological distribution of acidophilic algae,

mechanisms for their adaptation to the extreme environments, and the application in pollution control

and industrial production. Finally, we proposed the future research directions of acidophilic algae which

need to be strengthened.
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Figure 1

The acidophilic algae in an iron mine in Anhui province. A: the acidophilic algae bloom of an AMD

lake; B: filtered biomass of 200 mL AMD water; C: the streamer in an acidic creek; D: micrograph of the

streamer.
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Figure 2 The adaption mechanism schematic
3-phosphoglycerate; CA: carbonic anhydrase; Tau:
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of acidophilic algae to extreme conditions. 3-PGA:
taurine; Tac: taurocyamine; Orn: ornithine; Lys: lysine.

15 P35 2 pmol Pi/mg protein-min, & [F]J&Fg
82K D, salina WEYER) 15-30 fi5. [IEF, %
B B X ATP W) Ry B AT, X ATP /Y Koy
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Chlamydomonas sp. ATCC PRA-125 FHAKEE
H'-ATPase ¥ H 7 2 4i I 4 19 i (vacuole)
sl A0 BT e i MR EE (B 2). AN
H'-ATPase J& T V il H'-ATPase, ‘EMIAHE1
TN ) H -ATPase —FF i X 7 FL ™ i (1)
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3 FREERIXE Chlamydomonas sp. 1710 BU4ARRALTS

Figure 3 Micrograph of acidophilic Chlamydomonas sp. 1710. A: the algae in Al-free medium; B: the algae in

the medium containing 300 mg/L Al.
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gracilis XA YA R A= BN o 45 2R K W, Euglena
mutabilis T = V& BE A P8 T 2028 T 40 A B
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http://journals.im.ac.cn/actamicrocn



4692

Li Hongyi et al. | Acta Microbiologica Sinica, 2022, 62(12)

P Cd M RE PO, GE B ML W B A K 7E
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BT DRI, TR IATE S S R N e ViR JE 4 5
N RIS R EEAEPY, Yagisawa
HRIFETRLL ¥ Cyanidioschyzon merolae il
P A TE AL 25 4 R T BE (1 AT A 2

A, KT 1 (HSP)TE R IR BE I X T
MR PR EEEREENMEM . B
Spijkerman %5 &I Chlamydomonas acidophilaz
AEIETE B R R R I HL S AMD i, L
AR IS TE N TR MR 5 B vh i) m] 7 A R Uk RS 1)
HSPP,

3 EBRERWMA

3.1 JRIEEGMER LLEIK

IR B AL SRR ML 1L K A AR, 452
VERT S, B s Je il gy T [l 4: s 500
M, B HaET RTINS . SR 1L
KRR A B 2R LA LA i i
3.1 EKFEWEE

1R GE W BRYER™ 11 % 7K Ak B3 )7 v 2 AL A
TR A IR BB PR A5 K AR K o (HJR X RN 7k
AMASAE E, B E R RN (Z 5%)1
H R TC T A B 1T B TR e 2HS A 1 AT AR W ik
K CO,. NOs Hl HPO,>, M P= A B B,
HORTER PR 1L KB

106CO,+16NO; +HPO,+122H,0+18H —
Ci06H2630110N1sP+1380,
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Davison &8 11 [/ 9 ] i — AN R 10 1) 19
THT (pH 2 5.0) 7 IR £h e g B A AR I .
M % A A 38 S DR WOSOK R Y NOs 7™ A i
JE, KR pH BETE . Zad 3 4ERY ST,
WAKSE34 pH M 5.16 EFHEIT 5.85, K4 )E
B R A TR R R,

3.1.2 RMFRKEERE

WETR WA TH T m 4 IR U R v, AN
RN 45 J A AR SR AP , 3% A A i iy W
WWSRE Sy o Rl , R Z B8 Kk BLAE T AR L RS
1t Z2 Tl BRAL 2 B R o B 4 R, O HL R RE
W5k, U Sargassum spXFSEFRPEIK ) Cu* Y
W B 5 e T R AR TE MR 6 £5P0. DRIk, T
WAR, TR, BCE A A R )R
PR FEBAR, T LTI A Ao 1 o 453 P K o

WRERKPNESR, FEAFHNE
i, DI R E TR R, X — A
PSRN IURy ST U3 I pu S sy ow S g ]
BRI E AT AR AT LIRS 313X M 2R )
HMMIBE F AR Z HREH A IS EE)E, Flan
OH . SH . COO ., PO, . NO; . RNH, . RS
RO S5 [RIINF, P77 AL R AN R S Yd
A LA i o 4 TR A R T 55 — AN R A R TR AN
WER, W e B A A B s b, RRARAE
T A B A o 358 20 B 4 Ja IR AT 3 400 Ji PN S
J& . WBETEE A B ALy 7 FIERE S, A
J5 s i E TR X,

FI VB IR B 28 L BR IR A7 LI /K A B 42
JEBEA I . HIAN Orandi SEFYHEE T LIZZR
WEIR i Klebsormidium “h F 1 6 REE S [ A& 2
(photo-rotating biological contactor, PRBC)4kb
PERRMERT 1R K o G5 RRW, A% Cu,
Mn FIINi 25 32 248 i 2 110 R BRACRE N 35%-50%,
Xt i 4 S T B AL B R 1K 80%°). Phillips
ENTE I E - 1A T EEE (algae mat) RGEAb
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FEMCEAT BB P ORI K . SRR, %
FRYEA R KR Mn 1) EFRACH R % 2.59 g/m’ - day ,
PR BB AP 2 550,
3.1.3 1EAERRARTTREIER

W PR I A A ) AR A A i S R 7 AR PR T
LEEK , TR AT L B K A8 A i P A ) 2 )
e it B, BVSSE X Fe® M SO, ik 5,
BRANBI 1 1 S5 2o R AR A T, R mT LA
HRIRR K, UTE &2 & B L IR B AE YA B B i .

W JFE RSB B AR — N REd AR, AT AR
HEAT, T Fe® F SO, ik J5t sk F Wi B4R A 1Y
AP D RE R ORI . ZERRYED LR KR £
A HLBTRRIE 2 2 4 ALRE A SRR AR
AW AL, AR EY, CHR
(glycolic acid)/& Leptospirillum ferriphilum H
Acidithiobacillus ferrooxidans 58K A AL & P~ 4=
1 EZACG Y, Al EAMAR DOC 1 24%. {3
HETE M, HADBHALRERIRE U Sulfobacillus
A REA FX A ML 5T, T2 B0 48 R 2 B0R b
PIEA SR e ae . M, Euglena
mutabilis 1 Chlorella protothecoides var. acidicola
SO B TE A A A A v U T A R Y B
RPN RE . SRBE . T ERRESE), XL
YAl SZ R R Z BB IR S R (U Acidiphilium
Acidocella . Acidobacterium . Desulfosporosinus
SR A K%, Nancucheo S5 A BRI BT
AR R, B3R —AFn R BRI
b R AR A I I B O RE G HAT S = ) pHL, B
IR A A S R S AT BE AR A 8 -k, D&
B A TR A R

FETE A TR B Bt LR K R, Fe¥* et
IKFRUTTE , 322 LA FC A ) (schwertmannite) 1) JE
LA TR, TSR Fe' i
MR, SOL 38 # e LI K A5 2 4% 5 1Y
W, BRI R R T AR

REZH K IR e R IR M L K B
BB AR F 6 4 AEFRLE 10 000 mg/L 264717, [
It, 5 Fe MLk, SO S 5 A A H T2
I B R R A it TR A BRFR VR LUK, ANE AT LA
IHAEK YRR L, $2m K pHAE, 774
H,S i 1] LA 6 i 8 TR R AL I DTVE (] 4).
DL Sk 453 Jeg At A 400 0 K R i P e IR T SR
k¥, FTRLLBRK R4 R EAERS fEmR
P 1L IR 7K 19 B 2R 3 il (natural attenuation) i
Frp, BRERERIE I TR AL A B HR K A G
AR R BT A 2 TRl 58 36 BB IR T Jl— ol
HARR: BEBE CO, NIRERER IR A4
KAIRBEE P, BilR R0 o I8 [ A A DL B i
CO,, NG WAL MTCHLIRILE 4). WA
W, ATRREE SRS LR KR AR [H
B, OLE B ARy —Fh R M 195k I ) 5t
BN I BAE N A B R VA 1 5 /K A W A 3
RGih, RMEHRREHEEFE ML, Nz
b FR AR
3.2 MEEGEXRATWAE~FEANA
321 EEEERH

BEE b A RRIR P H 220800, A= W Sl o H:
B 32 0T T 2 WO TE AN b ] LU Y
TE X REEAENE T, oA Ry AR A W St &
BRI H H AT B AR 7 A ) S A B
fm, MELUHF Tl Ab A= ™, F2 2 s PR R i
BRFIRMARE 5 2 B HAUAE Y p 5 G o 71X
FEOLT , FIFHVERR B2 A 7 LE W Se st A BR
DI A, DT Sy i 1 %o 466 R 22 5 i A o 2 B
. HZA%:3 Hirooka 5% ERMEW 1L I K o 43
H—PRIEIR s Pseudochlorella sp. YKT1, Hfx il
AK pH M 3.0, BaEAKIEE 20-25 °C. %
TESRIRYE R S5 T Rl LA B A T2 30%09
T, UERATERRIE I s R &b, R
ARG Tl A F= i 51
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Acid mine

drainage

<CO>Carbon dioxide{Gi} Hydroxide @ELI Sulphate

OC Dissolved organic carbo Ferrous iron

0 Oxygen E Phosphate Ferric iron * Ferric hydroxide @ Nitrogen@ Sulphide
-Sulfate-reducing bacteria. Iron-oxidizing bacteria

4 PEESE-SRB £ AMD hHBES X R

Figure 4 Mutualistic relationship between acidophilic algae and SRB in AMD!*,

322 HEFMHER

2R (lutein) 2 —FKHI & R, 7EEY)
NP S E R ey P e PN = N )
) FEAARBSr, MR Z XFE R, IR
SR, [FEE, M BT R T LA
TG R M ML AL, U RN MR S 0 o
PR, P 2% A I 24 O el R A i S 10 1
Bl WERR R ATEAE & A MW B & R 2 1 1Y
1787 L NP iU N E =R 2 S P
TSR AT, RIS TEIR N R
JERPUEAL ], it B R (lutein) F1 R OK R
(zeaxanthin)&% . Cuaresma %5 X} LA ST T A [6) Bk
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TEANEE 35 XX Chlamydomonas acidophila 14
WAL B2 . 45 R R, LR
2 (urea)fE AT TIR G B A KN, SRR
R RAZEIAE bR (FEL RN ER)
RI-wmis 10 ghkg TAY R, XA SCEGE
R E R R 2 — o SR (glycine)fE M il
TEEE, N 2 K B — R S A
# C o K,
Vaquero 55 & BLRR LW 111 K b g — i L
HIMERR 2% Coccomyxa onubensis TE4 K FE
Al BRI R, B RR R
10 mg/(L-day)""",
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323 AESEREK
PRAAAE B ) v T AT HILB K (& & 5758

JRAVEAE S A R E R A . X R K%
BERBEER T KA, BRI — G E
AT EERAC " ) o (H — BB 2E DR O A K R P Y
PRGNV AT LU pH i T 8.0 LU, S8
KRR R, RIS, I, 7E—#

2, HRELE NG CO, MR, fii pH {5 E
8.0 AR o SXFEARKFRSE 3 1 2= miA
W& R 3 25 Chlamydomonas acidophila W] VA 1E
pH 3.0 WFREE AR, Fir AR E7E YA T
ZERIKEHKER, IRRTE Co, BU™
AR . Escudero &5 ERM, 7 pH 3.0 A,
Chlamydomonas acidophila 7] VAFE 1 000 mg/L
NH,-N Wb A, T HASZ A ALK ik
JERSEI, R T R A

4 REHRZE

TR e 2R A TR AR A L K B 221
TR X P A e B TR T, e AT THEA R T — R E
SR B A AL AR IR pH L AR ICH RS FI =7 e 3
4 J8 S APPSR R B 458 o 1) sk SR Bk 174 £ 38
PERT, ATRT A RS RRBESE T AR e 52 itk
e BRI Tl ™ i , felT B R i 2 TR 75 Y B
Tl AR RAEA AT, A 20 THE22 90 4F
I, 18 LR HAFPEPEF S5 FE A F2
FAEIR BRI T TR, B T EER
ST LR o (EARRT T WG IR 240 D RN ol TR 106, WE TR
FER BT IR AN S5 o L, TEAR R — BT[]
INIE TR B IA T LA T JLAN T T B 1 A5

(1) KT rgmELREMILE, BREA—
SERFGE R | (R R = — > AH T 2R G0 FHIR T 04
K. filan H /2 B AE & Chlamydomonas
acidophila W XT38 (B 2N, HETE
pH 3.0 [t pH 7.0 T3 2AE % 2 1) ATP T2

H' . TEXFIEL T, R4 Chlamydomonas
acidophila W) fi% pH {588 & 3.0, HETEAIRI
o SELIREX ), 52 NIZ s B A L 45 A
FRRERE | Wy BUs . o R ARG R RE
PS5 24 T A b

(2) KT VB IR B2 AR AL G A A R T RE Y
oY, FEZEMILE Chlamydomonas acidophila F1
Dunaliella acidophila 55/ EULR BRI MY
{BSERR F SRR R 2RI B, A28 A A
PR T 2207 91, & T HU LR SR T T 4s
R AR, K, #ZAE 019 KRR
TLH, DI ZRIEIRBE MU R, IRITHA:
PEPERT, SE3 AR g R B BIA TR

(3) VENRRIMEAE S RGN EH L NAR ST, 18
PRI A S INRE LA IR . HEr, AMTHZH
RN B PR B AE TR T LR K 20 A
7R, ABBEXAA MR I ST A 2 RIEATE
FE R T REIR B2 A A LB ) 1 ot LA AR D
YIRS IR W28 I 1A ALk ) & ORI R A
JERZ A R T R AR G AR (I PE
FoeWTIE I e . WY FIE AR Y, XSy
A IS o AT X AR A 1) O R AL R A
JERTERGARE, X WA R, Ah, A
SO ANERHIEE , BR T IHOLEER], B E
SN AR Y, AT S F M. HE
AT 2] 38 47 £ 1 P 52 Wi g R TR R 7 4 A 1)
AL ATEEE

(4) g TR 2 b PR M 40 11 02 7K A s 2
PROKBIBESE , RZBOESH = ALY, SEE Tl
PR ZE IR R D o X T S5 sk B
5T, HRLBRZE, DI H S rg iR B At #
TRIZ K B R RAIE™ L o

(5) HATCA KT WE IR # 2 A " A Y1 58 Tih
FH v R PR RIS, OF HLARAS T80 2
LRI o (ELIX S 5 B0 A 4y ) ot ) 4 JBCRT 481
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