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BE AFRENSEXFER (PABA ) ¥MBETRBEERLXBTNERNG , BIAFERUBFN DRS::GUS HE
R EFARRME,HET PABA ARLBENBRESEMMNERKZENERANS TNEM, LRKRH 200 umol/L
PABA AILLBAERMFILIEAPEEREK , HEHMWBRNIBENKRE, PABA AHEBERKERLUY 24D WHEER
ERMFNEE  BHEBEMK ; MK , PABAAE—ERELMEERKZEHIPHFN NPA XNHEERMBEEKEK
BHMEER, o, PABA TUESHETRREKENIRE , HEMERIREEZHAEXER PINI, PIN3
AUXI REK, HEFTR , PABA AIATTRFERKRZANSF , EREFREKRBTIBPREERA,

*EE XNEEXFR,; R £KH; MBS

PESES Q9454 XEIRER A DOI: 10.6043/j.iss1.0438-0479.201904035

Para-amino benzoic acid modulates auxin transport on Arabidopsis root growth
and development

HU Xin, TAO Yi, SONG Siyang™

(School of Life Science, Xiamen University, Xiamen 361102, China)

Abstract In order to research the mechanism of para-amino benzoic acid (PABA) affecting the root growth and development
of Arabidopsis thaliana, this study investigated the effects of PABA on the morphological structure and auxin transport in the
roots of wild-type Arabidopsis and DR5::GUS transgenic Arabidopsis. The results showed that 200 umol/L PABA could
inhibit the growth of primary root and promote the development of lateral root and root hair. The presences of PABA would
further reduce primary root growth and promote root hair growth compared with 2,4-D treatment alone, while PABA
antagonized auxin transport inhibitor NPA-induced root growth inhibition. PABA can partly affect the accumulation of auxin
in Arabidopsis root tips, and induce the expression of auxin polar transport related genes PIN1, PIN3 and AUX1. In
conclusion, PABA regulates the transport and distribution of auxin, and plays an important role in the growth and
development of Arabidopsis roots.

Key words para-amino benzoic acid; root; auxin; Arabidopsis
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20, XHEIEARFHFER (para-amino benzoic acid, PABA) J&ZKHER (benzoic acid, BA) ZEIL LIz
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PR AR LB — DB EZ S R MR R, — BRI ER, X2 87
Z WA T, R AREHEYMRAE R K GAF £ REERPmE, AR FE RN
RANRR, TR B RO BB AR FIRER L TIRMARN L T iz, ERRIREHE
B A K RIS R 4R 7 B FURIAZEERE, BEC). UV-BUOSE L Z AR a4, MYS
WIEAK RN G RS R IRMEKKE . PABA R4 KK & 1ERNLESEK R R B AFE
KB, HANERAAHRHOE . AT 5@ 4T PABA S2m L SFAR A KR B MR BV IE R H 54K
Risk 5 AT L 9% 2R, DA 0 45 7m0 & 2 2 R IR A UL T AR AR A R T A R LA

1 MG E

1.1 REYA R RS TR

EFAE L Y B A4 Y 410 77 [Arabidopsis thaliana (L.) Heynh] Col-1 HiF 8k 9256 5542 4t, DR5::GUS (H:
H GUS Kon B - & BE R IE D B AR R I+ & — MK & i St/ AuxREs B 5 /741 DR5 5
B~ 2] B il L IR 2 4 i A AR S S IR, R RO i N TR A K R S R AT, ER R B SR =
Pt BEMBEMIE I FRANLE M EOE S, MAEH 0.05% (KF5%HD Triton X-100 1)
70% L BE AL FE 5~10 min, WRH W BRI S (SW-CJ, J3%38) WM 70% 4 g 4b 3 5~10
min, W% 70%ZLEE, MALE 0.1% RESH) B (BBD Wi, BEFEM 1. KiEid EidJikK
B AL B BT R B S A RIS PABA BiE AL A A A 12 MS 55358/ 77N 0.22% (&
80 MS EnliEiFRHE (Duchefa) , 3% (=) JEHE, 0.8% (FiEmsr% EiflF, pH 5.8]4, %
FIELMMNT GBS IR, BT 4 CUKFETHELLE 2~3 d, /5% IEE BN
16/8 h (22/18°C) HR/BERIGIFJHRF=FH (GZP-360N, Lifg#kfE) .
1.2 RIEARIBEHHNERN DM

BAKT 10 d MM B T3 (MFC-1813, Borther) T4, {#ifl Scion image 4.03
AR 1 B AT AR I s R fE AA S B BE (M205A, Leica) WMUEHET VIR R4
i, SRS Scion image 4.03 3 AExT A A AR FIAR BACFE AT & . RS0 fe /b ik #F 20 B
YIETEATINE, FEUREARR R A G 2, H AR R R G ARK S EAR K
*100%.
1.3 DR5::GUS \ET 4h EIZF & GUS £ &

WAE 112 MS #5355 EAEK T 5 d ) DR5::GUS LR T+ 4 i e #2 21 &5 A A RIR RIS PR 1 1/2
MS B:9:3E EHi9R 6 he BUR4IHMAS 1 mL 90% (AFRr%0) HEIREOE Y, BIRIK (THZ-
110X, AFRtARD E=EEEE 20 min, REWEFE. HAAS 5-3-4-5-3-M| W & HH (x-gluc,
RHEFEATD ) GUS Yl (200 uL 10%Triton X-100, 2.5 mL 0.2 mol/L 2 %% ¢k pH7.2, 200 uL
100 mol/L Ka[Fe(CN)s] 8H,0, 200 pL 100 mmol/L K3[Fe(CN)e], 6.5 mL ddH.O, FLJHINAL) &k —
Ko MAFA x-gluc 11 GUS Bt (x-gluc ¥#KEN 50 mmol/L) T 37°C #ikWFE 3 h. JL5em)s
W2 GUS B, BN 50%LEEfE =R FEREIK W 30 min. W 2: 50%4BE, HIA 75% L FEE4k
g, BEEMREHSRGIE. REEH 50%4E8 /K46 30 min, HEE 25%ZE /KL 30 min, W%
LEEVET, I\ 30% (IRFRZ> B0 TH =B /KB E T = IR A7 s B B e
1.4 BEFEEANIRR

B KAE 1/2 MS 53555 FLEF 7720 b | (shoot) AL Croot) WG4 BN EP %,
TWRGE R, AR5 FHAE B 70 o0 WF R AP ROk oK o BRI ON 38 B A AR BB ZE v (50 mmol/L i AR B
pH7.0, 10 mmol/L EDTA, 0.1% Triton X-100, 0.1% Sarcosyl, 10 mmol/L B-5i¥EZ.EF) , R IES,
FEVK _EFCE 30 min A4 . 4°C B0, 100009, 10 min, B B, KA Bradford yERU0 5E B KT .



WIZESE TR W RRAE N TR KR A ou A K R I R ) R 4 3

1.5 GUS 5& M B4 U R 2 4

KA G EEERI GUS & PR DL i JE O KL -B-D- 7 %) B 8% BR F (4-Nitrophenyl-B-D-
glucpronide) JYEEY, GUS HEALHKAR, A2 OGS i 3 %45 1 (4-Nitrophenol), 7E pH7.0 I, g™
WK 415 nm, R EE S, 0 HEESMARIE 2, BOaNE. SRR EE 100 pL o E
1500 pL f GUS M ZE i (50 mmol/L B fR44 pH7.0, 1 mmol/L EDTA, 0.1% Triton X-100, 10
mmol/L B-#idk ZEE, 1 mmol/L XFAifFE A EL-B-D-H A BERER 1) o BE 4 NRMEFE], 4374 0,
1.5, 316 h. vERILE 200 uL JIEIFREETINA 100 pL GUS M 21k (0.2 mmol/L Na;COs) [ &0
B BN EEETE (UV-2450, EEEATE]D AN E SR T AR SR EE 415 nm IO,
R 8 XoF il 22 R P b A T 2R T S . WS B SONAE min 2K 6T Y R R - B- D - R 4 A I R T
A2 R 1 mg R SR I (R — AN A, ARE E USSR S R GUS TR .
1.6 RAF KX EE PCR ( qRT-PCR ) RMAEKZZHAHAKXRERNRE

f#H] RNAprep Pure fa#)& RNA $REGAF & (RARAF)D MZ) 100 mg LRSI AR &6 A H2 B
RNA. £ it DNA FEgiH b J5 10 7 5% RNA & 305 —4%E cDNA, A4k H AR 25 f51E A qRT-PCR 1%
WAEH . RAGXRENR 18 RNA MW = FER, H MK N A&E K R KM 8k 5K
PIN1(At1g73590), PIN3(Atlg70940), AUX1(AT2G38120), FiH4r#MEsI# W% 1. K Talent %)t
RN & (SYBR Green, RIRAR) #3. gRT-PCR KA ZRW F: 10 uL 2xTalent gPCR
PreMix, 0.6 uL primer-F(10 pmol/L), 0.6 puL primer-R(10 umol/L), 1 pL cDNA ##%, 0.4 uL 50xROX
Reference Dye, 7.4 uL RNase-Free ddH20. fii FH 7% € & PCR ¢ (ABI 7500, &[EMNHAEM AT D W
5E PCR 2 A: TiAEPE 95 C 3 min; 28t 95 'C 5s, iBK/ZEH 60 C 15s, 3L 40 MEIR; FEFF#
S TN e 4 oy #r

#1 qRT-PCRATRH I 519
Tab. 1 Primers used for qRT-PCR

Gene Forward primer Reverse primer
PINI TACTCCGAGACCTTCCAACTACG TCCACCGCCACCACTTCC
PIN3 GCGTCAATAAAAACCCGAAA GGCGTCTTTTGGTCTCTCTG
AUX1 CCGAGCTGGACGGCGATGTACG CATGTGCGGCGGCTGCAGCT
18s RNA TGCAACAAACCCCGACTTATG CCCGCGTCGACCTTTTATC
1.7 BiEaE

A7 H 5 K Microsoft Excel 2008 #PFARE . S2iGEE =Wk, F SPSS 16.0 # % /| Duncan’s
multiple range test /- HTFEA R (P<0.05) , [F—HHNARKFERRRENZ A EEEZESR.

2 RN

2.1 PABA MBI RRAEKKRE

KA AT S S A A EWEE PABA [ 1/2 MS ¥5355 b, 81 W0 40 B T4 0 2 K AR 0 ok 43
Hr PABA Xl AR AKX BHIERH. SR EH (B 1A, 1B) . FxfBAMEt, A KESH 100
pumol/L PABA ] 1/2 MS }i 773 F e Ir 4 A B4k, 23— RE ARSI &
KAEEH 200 umol/L PABA 1] 1/2 MS #5755 F IR TF 4 i AR K #E— 050, ARSI RNy
48.2%; AAKAET A 400 pmol/L PABA [1) 1/2 MS #5773 E 4R 7T 4 v AR AR K EE AT . AR SLge it
B AN I PABA B LLAMEILE 7F BRI AEK, HAE—E o N LBUIK KB, % PABA ik
FERIEE R, AR AR A AE A 58 e

bR, W% PABA W EIE TR MR AR EMAEK R B/, 51 RPE 1A, 1C): £ 0,
100 pmol/L A1 200 pumol/L PABA #FEAEK KT, $UrG IF AR FIAR B % BEfE PABA ¥R FE T =1 1T &
AZ Ko AL S FEAE 200 pmol/L A1 400 pmol/L PABA & B A K 4644 T &oxt I8 B 49 K. #E 200 pmol/L
PABA Kb J5 20 MR FIAR B % e K, ik BN R R 254 581 272 f5. LIRSS R
PABA TE#IH EARAEK I FIRT, 7 — @ ik VO (R AR AR B AE KK E -
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PABA XTI RS FF AR REHES (A« EMKE (B)  WEBMNWEE (C) KW
Kl 1 PABA XU I 4 HAR A AL KR H I
Fig.1 Effects of PABA on root growth of Arabidopsis seedlings

2.2PABA MEKEZEMEEANBEKNE

AT, KR ZFEHEDRE G N EEEYEE, 1 PABA Ab A 2 A3 6T 4815 TF AR 1)
ERKEMHBPERRRL . N THFAMEITREKRELRES PABA AIAEKEM KR, 24 PABA 4
EHEKRFLY 2,4-D MK RIEH 457 1-naphthylphthalamic acid (NPA) X 48l FF AR K52
Wi, A% PABA ALEEIKE N 100 pmol/L, 2,4-D ALFEE N 0.05 pmol/L, NPA AbEEKEE Ny 2.5
umol/L, FhE T4 7R ZIRE T A LAVAE K I BAR S 200 I R R Bk, el 2A Al 2B fios, 1E
100 umol/L PABA. 0.05 umol/L 2,4-D LA % 2.5 pmol/L NPA ¥phAbEE R, Ul 7+ gh i EARAE K 252 5
— EREEANE . AR PABA 1 2,4-D £ S8 FARKE#— D45, H2 NPA Il PABA JL[A 4t
B, PABA FEE A — D15 NPA X EMRAEKMEMEN, Kkiie—TfEE LMK NPA #if] &
MR A K IR

HFEE, Siaf AN EREFREBNAEKEEEN, 48REWE (B 2C M1 2D) - fIxf
MLLE, £ PABA F12,4-D B TR EBHME R ENZ, PR EBKEEK; M, NPA IR T
WEHE, THUREBKEHRDE. 24D B ANEEHEYS 2,4-D+PABA L [E A HH KR B
ENALREER, HEWHEFHUREKEERENTEE. 5 NPA LHAMLL, NPA+PABA b4
MR EHEWHEE L, FHUREKEHEEEK,

AFEETFEIFERRGWIES (A ERKE (B) « REHE (O MTFHREBKE (D) 4

Bl 2 PABA %4y 2,4-D Fil AR F3 fi 401 77 X 00 B I 4 BT AR 26 AR KRG
Fig.2 Co-treatment with PABA, 2,4-D and auxin transport inhibitor on the root growth of Arabidopsis seedlings
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EREKESMLE (K 3) , XA, PABA AbFEA. 2,4-D 4 ALK 2,4-D+PABA FE[A| 4b#E
AP E NP ORI PIES oA, HBREKENEZES A X5 %4 030~ 0.70 mm,
0.40~1.10 mm. 0.50~1.30 mm F1 0.60~1.45 mm; NPA 4b ¥ ZH # B B 545 1) T o0 AR B T E 1Y
—f] (0.05~0.25 mm) , T NPA+PABA Kb ¥E4H R B & 3 215504 T 0.05~0.60 mm X [H] . %
LR T PABA EUT 2,4-D TUMEHRBIAEKKE, HalLESRE NPA XHREA K #0H
ER .

3 AFIALHLT R T 40 AR K A

Fig. 3 Distributions of root hair lengths in Arabidopsis seedlings grown on different supplemented media

23PABA BSREIFBRREKENRE

it — D5t PABA AbEEJS DR5::GUS H IR I+ ik K GUS MIRiAtENL, B 1
PABA KbERFIXTHEZF T DR5::GUS TEHLEE I 4 b &R Rk . GUS Hethagh R (E 4A), 1E
1EH AR R 4 SR A 1 B R ST GUS Jeftfs 5, FEM- ISR AR IE S R 0 Bl B, Ui B
TEIXEE AL A KR AR, BRI R A K FZIRE SR . S5k, 100 umol/L PABA 4b#E
Je, TR AN B ER s GUS Rk o A Ak U 5 X IR ZH 2 R K 1M 0.5 umol/L 2,4-D AbFE 4 B2
WS4t DR5::GUS HIERIA, A EARMBIH & G ERFE T T, XA
B AR A A K 2R 3 B A TEAR ek FIAR AR 48 B304 s M 7E 100 pmol/L PABA b EEAH, AEK RAEMRAR AL
W RN, ERSAEE R OMENKESEER K, £ 2,4-D AbFEL R TF AR 3 ) 4= 350 e iR
W, BRI AN F AR (BN GUS TETER ARG B, 0Kl 4B BN : TES) T I b A AR,
PABA 43 3 h 5 GUS IEMEA & m, /FWIE T FFE: MAE 0.5 umol/L 2,4-D AbF A, %y
FEAFIMRES R GUS B VG AEE 1 oh JEatik B E K. FRSRRE PABA A LLE SR IT
DR5::GUS [fj#kik, JLHETEMRR.

it qRT-PCR J7ikit— 254541 PABA A1 2,4-D 4 HE 3 h FI4h TE AR A A= K 308 i AH 5% 3 IR 6k () 48
th. SEHRIE AC Fix: FIXTEAMH, 21t PABA ZF )5, PINL, PIN3 fil AUXI (IR IL &N EE
fem; MmEnt 2,4-D 4B 5, PINL AT PIN3 RIAFEE(K, AUXL RiA&E EFF. 1%L R PABA f£—
EREE FES T AEKZIBHIEERF PINL, PIN3 A AUXI [k, XEHEE TR PABA rE Al 2,4-D il
18 5 RIEBL A — 5
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(A) PABA #h¥f DR5::GUS # 3L EI 7 5 GUS et srbrs  (B) AFEACEERA] F GUS JEHE/ ;s (C) PABA AP A4 K&
PEIZH AR PINL. PIN3 F1 AUXI HIEIASHT.

P 4 PABA 4k HEXGHLL B IF &0 18 A A 3K 3 A A& i 4 S
Fig.4 Effects of PABA treatment on auxin distribution and transport in Arabidopsis seedlings

3 it

WrE T PABA HHEEABIER, BTN E A, Mk PABA & HFHE K 2 S
TR FLR B I, TV B A A R AR RRE AR DS, BT DhiZe 3 IR 58 XA AR AR KR B s AT AT 2
2014 4 Crisan 55 SLIE T PABA 1] DL FL R SR W AEAR A KB, A5 PABA XA RA &K
PIFNHE 5 2 280, hAME R I PABA FT LAMEERLE TR 2h AR AR BAK R T . Z A e 7R 0
ARKRAREME TR EBAK SR RRE EEZMIERN, auxin MZ A (auxl, axrl, axr2 &) %
BHEREMAEKKE, B 2,4-D IR TF 2 A B3 2 m R B 1) A K04 B R K
L PABA SR TF 2 AR B K B R UM 2,4-D KAl [FIR N PABA F1 2,4-D it — gt 7R B
K, VLA LA —FAE I R ) SRR B R E .

WAREKZMIKREMEARAREBERKRKELRE T RECENIEH, ERRSAE X R REIKER
ARSI G] EAR AR, A X AR A Z R BB = A R AR B A AR AR, i 2R K 2 P ) IS i E
& auxl FER R A EAR @M 2,4-D G671, HAR BB AR LT, AREFFH PABA &— &
FEEE BV NPA 4l AE KR, X ATERE /R PABA W TTIRMAK K E IR EEKENEME
K. DR5::GUS Jtt/p#Tfl qRT-PCR RKIAHTiE— SR T PABA SREmRHA KR Mz fMAE
KRKisHBEER N FRL, XIESL T RAMERE. Bk, N PABA it s 2 4 K & 1k iz 5 3t K
PIN1, PIN3 #l AUX1 HIERIE, s2m JARESAK RIS oA, HEmiAEPE T RyEK ks . =
PABA & T E K Z MM iZ AR MR IEMATE . B BIES TACE LR R 41X PABA
1) e 2L A Bh T ) B AR AR AE K R B R R .

SENR :

[1] LIM E K, DOUCET CJ, L1Y, et al. The activity of Arabidopsis glycosyltransferases toward salicylic acid, 4-hydroxybenzoic acid, and other
benzoates[J]. Journal of Biological Chemistry, 2002, 277(1): 586.

[2] BASSET G J C, RAVANEL S, QUINLIVAN E P, et al. Folate synthesis in plants: the last step of the p -aminobenzoate branch is catalyzed by
a plastidial aminodeoxychorismate lyase[J]. Plant Journal, 2010, 40(4): 453-461.

[3] CRISAN M E, BOUROSH P, MAFFEI M E, et al. Synthesis, crystal structure and biological activity of 2-hydroxyethylammonium salt of p-
aminobenzoic acid[J]. PLoS One, 2014, 9(7): e101892.

[4] LIU J, MOORE S, CHEN C, et al. Crosstalk complexities between auxin, cytokinin, and ethylene in Arabidopsis root development: from
experiments to systems modeling, and back again[J]. Molecular Plant, 2017, 10(12): 1480-1496.

[5] PALME K, HESSE T, MOORE 1, et al. Hormonal modulation of plant growth: the role of auxin perception[J]. Mechanisms of Development,
1991, 33(2): 97.

[6] SONG Y, ZHOU L, YANG S, et al. Dose-dependent sensitivity of Arabidopsis thaliana seedling root to copper is regulated by auxin



WIZESE TR W RRAE N TR KR A ou A K R I R ) R 4 7

homeostasis[J]. Environmental & Experimental Botany, 2017, 139:23-30.

[71 DI MAMBRO R, DE RUVO M, PACIFICI E, et al. Auxin minimum triggers the developmental switch from cell division to cell
differentiation in the Arabidopsis root[J]. Proceedings of the National Academy of Sciences of the United States of America, 2017, 114(36):
E7641.

[8] ZHAO J, WANG W, ZHOU H, et al. Manganese toxicity inhibited root growth by disrupting auxin biosynthesis and transport in
Arabidopsis[J]. Front Plant Sci, 2017, 8: 272.

[9] BOUAIN N, SHAHZAD Z, ROUACHED A, et al. Phosphate and zinc transport and signalling in plants: toward a better understanding of
their homeostasis interaction[J]. Journal of Experimental Botany, 2017, 65(20): 5725.

[10] WAN J, ZHANG P, WANG R, et al. UV-B radiation induces root bending through the flavonoid-mediated auxin pathway in Arabidopsis[J].
Frontiers in Plant Science, 2018, 9: 618.

[11] BRADFORD M M. A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the principle of protein-dye
binding[J]. Analytical Biochemistry, 1976, 72(1): 248-254.

[12] JEFFERSON R A, KAVANAGH T A, BEVAN M W. GUS fusions: beta-glucuronidase as a sensitive and versatile gene fusion marker in
higher plants.[J]. The EMBO Journal, 1987, 6(13): 3901-3907.

[13] MEINKE D W, MEINKE L K, SHOWALTER T C, et al. A sequence-based map of Arabidopsis genes with mutant phenotypes[J]. Plant
Physiology, 2003, 131(2): 409-418.

[14] PITTS R, CERNAC A, ESTELLE M. Auxin and ethylene promote root hair elongation in Arabidopsis[J]. 1998,16(5): 553-560.

[15] GIRI J, BHOSALE R, HUANG G, et al. Rice auxin influx carrier Os4AUXI facilitates root hair elongation in response to low external
phosphate[J]. Nature Communications, 2018, 9(1): 1408.

[16] DU Y, SCHERES B. Lateral root formation and the multiple roles of auxin.[J]. Journal of Experimental Botany, 2017, 69(2):155-167.

[17] DINDAS J, SCHERZER S, ROELFSEMA M R G, et al. AUXI-mediated root hair auxin influx governs SCF TIRI/AFB -type Ca 2+
signaling[J]. Nature Communications, 2018, 9(1): 1174.



