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Identification of plant hormones in intercellular microalgae cells
and prospects of future studies
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Abstract: Plant hormones is one of trace endogenous compounds, which probably are the universal
“languages” among microalgae cells. The screening and identification of plant hormones play a significant
role in understanding the quorum sensing and intercellular communication mechanisms of microalgae
cells. However, these hormones are usually in ultra-trace levels, with various species, complicate
properties, and coexist with complex matrices. Thus, it is still very challenging to develop an effective
method to identify the plant hormones, which includes verifying extraction procedures, improving
detection sensitivity, reducing matrix effects and distinguishing isomers. In this work, we reviewed the
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present research status of plant hormones extraction and detection, especially focused on the methods and
strategies on preparing plant hormones from various samples. The advantages and disadvantages of these
pretreatment methods were systematically elaborated, from aspects of solid phase extraction, liquid
extraction, magnetic solid phase extraction, liquid-liquid microextraction, etc. The detection methods, such
as liquid chromatography, liquid chromatography tandem mass spectrometry, capillary electrophoresis,
etc., were also compared. Then, we look forward to the prospects of tandem solid phase extraction method
on extracting trace of plant hormones from algae slurry. We considered that
UPLC-LTQ-Orbitrap-MS method would be a promising technology for plant hormones detection. We
aimed to provide some method references for the study of inter-algal microbial ecology.

amounts
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Table 1 Physicochemical properties of some classical plant hormones

Name Structural formula Molecular formula Molecular mass Chemical abstracts
service
Caffeic acid mw CoHoO4 180.16 331-39-5
Indole-3-butyric acid Qi%\\\( C2H5NO, 203.23 133-32-4
Indole-3-acetic acid Q{\( C10HyNO, 175.18 87-51-4
/
2,4-dichlorophenoxyacetic acid Q CsHgCl1,04 221.03 94-75-7
Cinnamic acid w CyH30, 148.15 621-82-9
Catechol Q CsHgO, 110.11 120-80-9
HO OH
p-hydroxybenzoic acid 1\ . C;HgO3 138.12 99-96-7
Gibberellin % C19H,04 346.37 77-06-5
Jasmonic acid g CoH 505 210.12 3572-66-5
1-naphthylacetic acid I CoH 00, 186.20 86-87-3
Benzoic acid i C;HgO, 122.12 65-85-0
Salicylic acid OH C;H05 138.12 69-72-7
O
OH
4-hydroxyphenylacetic acid w . CsHz03 152.15 205-851-3
6-benzylaminopurine @ C1oHsNO; 191.18 54-16-0
Brassinolide CgH4306 480.67 72962-43-7
Kinetin Ca C10HoNsO 215.21 525-79-1
s
5-hydroxyindole-3-acetic acid % CoH 303 210.27 3572-66-5
N,N’-diphenylurea Q/ETG\Q C13H12N20 212.24 102-07-8
Methyl jasmonate A Ci13H2005 224.30 1211-29-6

%
o
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Table 2 Summary of various extraction methods of plant hormones

Extraction Advantage Disadvantage Scope of application Sample preparation References
method
Liquid- Selective extraction ~ Complex operation and large The mixture contains volatile Organic extracts, such as  [25-26]
liquid and separation amount of organic solvent ~ components, and the boiling MeOH, CHCl;, H-COOH,
extraction efficiency are point of each component in  etc

controllable the liquid mixture is close
Solid phase ~ High preparation Single-layer adsorbent Solid particles in SPE Silica solid phase [26-28]
extraction speed, good can not be chromatographic  column were selected extraction column, C18,

reproducibility and  analysis, double-layer according to different Oasis HLB, and ion

high flux adsorbent synthesis is physicochemical properties  exchange and adsorption

difficult of plant hormones column, etc
Series solid  High recovery rate Large amount of solvent, Suitable for acidic and Anion exchange column  [29]
phase high cost alkaline targets and cation exchange
extraction column
Liquid phase Easy to operate and It is easily affected by Suitable for micro and Single-drop [30]
micro- environment friendly turbulent flow in solution unstable objects liquid-liquid-liquid
extraction microextraction column
(SD-LLLME), etc

Solid phase  Simple, fast, It depends on the coating Suitable for a single species  Fiber needle solid phase ~ [31-32]
micro- selective, sensitive, material of plant hormones microextraction column,
extraction solvent-free, cheap extraction capillary

and repeatable column, adsorption

extraction agitator, etc

Magnetic Easy to operate, easy Magnetic nanomaterials The analyte can be combined Magnetic porous [33]
solid phase to separate, time directly affect the extraction with a magnetic adsorbent ~ polymeric adsorbent,
extraction saving, high efficiency and sensitivity and adsorbed by an external magnetic hollow

enrichment rate magnet mesoporous silica ball, etc
Chemical High sensitivity and  Susceptible to interference, Appropriate derivatization  Derivative reagent DEED, [34-35]
labeling low detection limit ~ some substances are not reagents combined with etc

easily ionized/detected by

UV or fluorescence detectors

other extraction methods
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T RGN SR A TR A BT I B A H AT SR
2 ARSI A I A A B

VR £ T H FH T e AR B R T AR R
R ) FEERAR T By, P fR R -k ik
(LC-MS) ., ARt - — ik (LC-MS/MS) | it
R B (3 - 5T 1 (UPLC-MS/MS) % . MS
TE = LA R g Y i 7e & b R A
B A AR A EG (m/2) B, FE S 3 A
WEHERTT 2 BTk o A % 2K A5 25 1Y 5T o
Hoo B oM tuis e 7o R Hrasan™ .
BT % 5 00 B7 7 QP L AT I T R A 43 BT 85
(TOF)®), Chen Z5P{ifi F WM (0% - — 5 U0 AT 5
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TER(LC-TQMS)RE I /K R Fr v 7 R R AR i 2%
GAs. IAA, ABA. JA, IBA. NAA Fil 2,4- 4K
A £, 1% (2,4-Dichlorophenoxyacetic Acid, 2,4-D)[1
i, KB 1.05-122.4 pg/mL, RATH ] i
(TOF-MS)Yj LC &54 7] AE B AN E, IR
RFWFAREREEA K . EF X HEE Y a
Hr o TR Han 255700 5610 4-F % R s A
R TR E AR, FRZEWAR 35 - DU AT A T ] 5T
T (NPLC-QTOF-MS)R il ,  BLENERS] 4 Fl JA 57
SRR (5)-JA . (+)-(3S,79)-JA[(H)-JA] . (-)-
(3S,7R)-JA[(-)-epi-JA] 1 (+)-(3R,7S)-JA[(+)-epi-JA] ,
R B} 0.5 ng/mL. W] WLRAH 2% H R S e —
Pl PEReR AR YR 07k . 52 MS BiX
L, HEPESN A (Selected Reaction Monitoring,
SRM), g F#;ll(Single Ton Monitoring, SIR)VA
&gﬁﬂ_‘Y*\/ﬁf)mj(Multiple Reaction Monitoring, MRM)
B AU Hd MRM B0 F R 280N+
PR B R, RO 76 & 4 sl i ot
TR AR AT HERR T8, Pan 48R FHWAHE
T FRIR = H YA B3, 7E MRM B XU I
HAPRERKE . CTK, ABA, GA FlJA MY E
BT, K FRAE 0.01-0.1 ng/mL Z[a])°,
YA 0 15 K AR 5 1) 10 7 A SR T L 1) A
PR WA I ST AT B R K S 2s [ .

EIMRAER ik, BT Bk 3 Kk
Hh, HAR A o BT TR RN A ) A SRR T VR AE A AR )
R ESR] T —EMs . SN KT
XF AN KA AR ) I ) A S AT SR A E T,
ST A RO R IR, % T R
BRK 0.2 ng/L, 2HEFLHPIHEGEZEMN F EaFH T
IAA AYtEEES, BRIEAMRZEERI TAA 19
w, HERHIRR 4.2 pg/mL., BEE B s
AW A e, 25 B 2000 R AR I T Be Ot B 4y
Hiviz AR e M T AR 1 2R B A B v
3.2 REEYHE A AT HRN o) /T
3.2.1 CREEMHRERRIAHRI 6 RE

TR S ERAG . RO B 2 . by

PEA ) 3% 86 [R] 28 M A i 5% M) 17 SR 50 ol o8 i 1) A 420
WE Ml R R b, A R B G A R
WIoiaR ) 2 AT o R R A R
H ng/g 8% pg/g K, TRIAR R ) 37 B HEE
BRI BRI, TR, RO AT 43 M (R M 8]
IR 2 L R B T, A5k
SAATE R BAE . BR T LR RSN, MR
F2ERE A S 22 20 W 0 2R TR] s 4 LT
i R 35
3.2.2 EREEYHERN AR 3

IFi) 473 S5 P A2 P A A o SR 30 0 o O ) A 9 25
TR AP MR AR . ek, g
e BRI S P U S i E S A L, (HARA
RE I HE DA R R A S R

T 1 SO AH €835 - 51 1% (HPLC-MS) Ik 5 R i
FHT M . BORFaE . MESARYI R 200, TR
HL3E FH T [ 40 AR A A 43 s A o0 ) R e ke
TRAH €335 - 22 % HR B T3 0 (UPLC-MS,) AT X 43 s
NG ATOEE L & SRR E R Vst h o
IR TF-BE: LC-MS/MS ¥, % EA R
JEw . UL R SR, (X TR
A2 W) 5 (TR R ) ARG U 2L A — 22 1 R R
PE, — BT 2 R R AR AR S T MRM 7
RIEARRIATHER . E R, X —%F
P, fif5 LC-MS/MS 7ESE Bt i Rl 25 23 2211
TR, 5B PR B R Tk
33 WRFEEYMBEENAENRE

2 B8 - BIE- i B 3 9003 B (LTQ-Orbitrap) i1 43
BTSSR B 24 1 — Rl A 20 m e B A, I
AYHERAEE 100 000, B JEEAS R ZEAE 2 ng/L
DI, ZE2 T A AR L i R A (7T ik
FeviKE) . AR A 2R A K K46 %8 T MRM
B TAE S, JFH4/N T HARIERE . w5
AR RS, BT BTEEAL . i
SrATER . RIS . B R GRS RGN
T PTG 3 AT AR D B AR o AR RSB
ABETFIE, IS E b, Bl
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¥, Gl B AR E R L DL A
W, ARG AT AR, RS RS A
RN - Ei T oAl ke S IEZS R =Rz )1 & N €
RGN R AT AR B, 45 2 5 R 5 B,
Orbitrap 153 HE3 5 RAEM B IEL, RIRAERTR]
MK, A PERRET . 0.4 s (SRAE R R T 44 30 000
(R R, BITE 10 s LR e REg 4610
Ry 25 B, TR 0 e ok kv
TG P R 1 A T AR T AT REE (P R
JER A7 H AT AT At X 43 E ML A A e 22 Y,
FIH UPLC-LTQ-Orbitrap-MS i 4 A, 7£ Full
MS/dd-MS, SR T R TR EicHE ,  [RIsRs 2 0
A 2R R T 2R A o P T ST B o 1) i 2
FoRS, AT AR P L e m A, A
2 THA RO 55 08 AR & TP R R BRI T 4
ARBEE ,  DATI Xk B A 4 T ) AR, | s A A
PR AL 25 R TR s ML EE B S

4 WESEEYURNESSELSRE
4.1 WRFEEVHENESFEEX

TE H R R B OB IR DA g A )
WS IR 52 VR e 1 B A S
IDJESYNEIE - & DRGla SVER7/b €N Y (il 32 5 S B Y1) 3
JEAMIOT, A e R s PR S L AR
T R P9 Bl R 1 A i 2 R, ORI
LT LR ISR, RN REIR AL A
LR EOIMR L BITERTERT G2 o AT AR AN
WAL E & R A R R, JR
Py S Uik A ) AT A DR REIR S AL, e A
K DR T AR R R SR L AT 3 A AL S
WFFERWT, AEMIICR )7 A 5 R TR (i
hopH . AL B SR EHEARCTT, [
T Z T AEAE I G, Aol B Rk A K
B KA B A AT RE AR IR . A
A MELE IR A, AR PR G
TR K B RCR 36 BB T B 7K 2 1 A5 2L

R,

RG] ek e P 0 ik 2% A A AL A 9
BB T A BB, DAAE A SE G AR Hh 7R AN
Wb BN, A 2R YR B R ELY)
PR YRIEGN, DR S SR,
AR A A SR, B —IRIE IR
SETAMEREYIME A K ZR . GAs. ABA Fil CKs
Xt 9 248 A K V7OVl AR T 40 7 35S I (RT
B2 MBITER . MG . ML Z B AR 10 T Y
Wi 3 o g ST ) R S R R A S R A e,
) TR 1o 00 AT B 2 9 % (UPLC-MIS,) 214y
Bk R S PR R E (cZT . ZT. ZR,
DHZR FlH K& H-o- M) . #EHHE, AM]
XTAE Y R ARG e L 2 b, Wi —
X N IR R TR . S5 R
VIR B . BEARAES AR AL Ay T Y
FHRIFE A SR, A ok i T ) A 400 95 3R A
PFFEER AL TR 4 0 T AR
42 FEEEVERARRE

B Tolose A E R IR A, AR Z (0]
RUEAGHE—2PIRA (1) FFAR RN A R B
DSl [P R A8 28 ) v, TR ol B [ 3 TR
BEPRTE YRS, 7R T R A D B R 4y
T BB STR VR, X S iese i 5% 1
T K AR S S A R
(2) IRABFE I RE A P38 RN s A AR ) 3 9%
TR FLEYI2ERLE], R 24 stdl . & E
B AR . AR B S TFBL, RGN R
W 2% TR T 20 S Ao R 1% i 7 R 4 L
il o AR T TR A= M-S R s A A SR R
AT, (3) R ETY, 4l B e B R i
VE. PRI TR . SeAE RN AR IBET . S
IS LR Je S R P AL 55 T 2 Ak, e dfie
AEWAT LSS, DAHESRRR SR (AR Ak Ak
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