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Future Prospects for Industrial Application of Abscisic acid, a Stress-resistant Phytohormone

o]FAdo] Gl AES tpokel QR0 FHE] AEYAE W1 §lo
], 71 QQI5-L Fig. 13} 20| A &4 AE=| A (biotic stresses) 2

H]AYE2] A~ E 2| (abiotic stresses)® T-dth B2 AE AT Al

AEYA LM AE S22 WA|AMS| MAX R Mt

A8
03016 A1&A] F=T
(2020 5€ 59 H, 2020 5E 13U R AR, 202049 5€ 309 AE)

Jeongho Lee*, Seunghee Kim* and Hah Young Yoo

Department of Biotechnology, Sangmyung University, 20, Hongjimun 2-Gil, Jongno-Gu, Seoul, 03016, Korea
(Received 5 May 2020; Received in revised from 13 May 2020; Accepted 30 May 2020)

o OF

I =
o]5Ao] Q= AEL 9 A4 thekst e AEYAE W =t o]E gSEh] st Wol 7jghow A
EgiA A wely) 24 whildo] AAELE Ak ofgsh ey 9GS s 3 EE wAE 2 dEA

=4
glom], 9] wsh, FAe] 5 A1) A Wl Helith, 58] Aol ohd $, £t (algae) 5 THE A
S Tk 7152 ks 2102 BSlAITh B S0 YAk Y 9 AEAe by Tela
7i5l thstel 2, ST, YT, AP TS TR ke AR TSI WA2NS B
§9 A8 S0, A8 ARA AL, vl 2ol A 5 AN S AT 9 AH Bl I B Asfusgiet.

Abstract — Plants are exposed to various types of stresses in their surroundings, and stress-resistant and regulatory
proteins are produced as defense mechanisms. Abscisic acid is well known for its important role in stress signals as a
phytohormone and is also involved in the physiological reactions of plants such as leaf senescence and seed dormancy.
In particular, it has been found to perform a variety of functions in other biological systems, such as animals and
microalgae, not plants. In this review, the biosynthesis and signaling process of abscisic acid and its function were
investigated and the future prospects for the industrial application of abscisic acid in various biotechnologies, including
agriculture, biomedical and industrial biotechnology, have been proposed based on study of emerging applications such
as increased crop yields, disease treatment development and bioenergy production.
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Fig. 1. Abiotic and biotic stresses in plants.

H|Z2gk A7)0l ApEhr-o] AE1 vl &2t ol Al (betula pubescens)
2HE AE A 2 F9 (dormancy)S F-E5k= =42 ‘dormin’
o] A% S © ™ [4], ©]F Cornforth £](1966)°ll 2J3}| Abscisin 112}
dormin®] -2 FZole= Aol WA TH5]. Wareing 7 1%
S AE GOE PAS AREShE Ao digt 3k 9] H8) 7]E 8
AollA FA HojubA] gko A 38h4] das vehlis A=
O F ‘Abscisic acid= AT 3].

FAIZARE A=A el A oherdt 71s& gt delA 9l
A AEGA RSO R A o] F-535 g ollx] APA WS I
o717l A A AGEHAE ZHE-sit) o] AsHG B oA
PYR/PYL/RCAR (pyrabactin resistance/PYR-like/regulatory component
of ABA receptor)°|2H= YAI2AE =247} g5 57 thald
Q1A & A (protein phosphatase)9+2] & 2H-8-8 Faf w2
Q14t3} & A (protein kinase)oll &3 YAIAAL HE-EA] AARQIA}
(transcription factor)®] B3 8}& 2 slti6] Ao HEe] A2
FEH AEHA S 5 she] o224 7 S-S o017 flst
71% A7F ATk ol = Aw AT B AStEAE AR
HEslr] $st 252 dekolgtar & 4= qlth[7]. ARk o] st
ol = st A2 7SS QI AlA] e Aol 7]
e A5 v 2t Qe R HAYE S FoklA=

=

YA HZolA] 2E 2 NESe] that A ST e 5
GolE 3

S = o7 AT 12,13]. 55 (mammal)elA &
T thXH(glucose metabolism), 3935 (anti-inflammatory), 719}
(memory) &7l Aol A1 oJ3hS S A0 F Ky
om[13], oledt 75 AW A=A Bl /WA RA 28 Tk
do] o B F AP FE} Fololi= B2 IS T ATE X
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2. YA|AL| Mgkd aby

THfungi)y= C15 315521 32 vl 3] 21 ik(famesyl pyrophosphate)
O ZHE HHA 07 JAAAS s W, 252 Fig. 29
2ol C40 7t E ol ER Y IPH A 02 YAANS STt
[14]. HAI2Ake] A g2 A A A & Al(plastid) el A B-
carotene®| A H 2] HE§-S A xanthoxin©.F A 3kE = 77 3} A
Z714 (cytosol)oIA4] xanthoxin®] YA|AAFO 2 AbSlE| = I 07
T

H]33 7h2E] o] =0 #HF E49Q lycopene THEE A2
Z38lE]o] 22} g-carotene, B-carotene®] ™, B-carotene®] 98 11
glo| A F4ks) wh-g-o] Yo zeaxanthin®] E T}, Zeaxanthin®]
ZEP(zeaxanthin epoxidase)oll ]3] 23] ol & A|3} E|H violaxanthin
O = FAgE]=d|[15], ©]$ll xanthoxin® & M= 7 7H4] A=
7} A8t} A= violaxanthin®] ©]/d A3} &= Aol EAl=
NSY (neoxanthin synthase)°ll 2]l neoxanthin® % 1 3+% o] 5o
o]’g g} ¥i= lofvk. 2 AwE Fall FAE 9-cis-violaxanthin?}
9'-cis-Neoxanthin<> NCED(9-cis-epoxycarotenoid dioxygenase) &
Zrof| 2J3) xanthoxin© = A TH16]. AM3E7] 4 olA] xanthoxin
short-chain alcohol dehydrogenase/reductase(SDR)®l 2] 3]l abscisic
aldehyde Z3FAlE 3 /J3FaL abscisic aldehydei= AO(aldehyde
oxidase) Fulle]l 2Jal] YA|~ALC 2 FHF AFHEATH 7).
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Fig. 2. The ABA biosynthetic pathway in plants. LCYB, lycopene B-cyclase; CHYB, pB-carotene hydroxylase; ZEP, zeaxanthin epoxidase;
NSY, neoxanthin synthase; NCED, 9-cis-epoxycarotenoid dioxygenase; SDR, short-chain alcohol dehydrogenase/reductase; AO, alde-

hyde oxidase.
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3. YAIALS| 22X R ASHE by
YA 2AF =8-A:= ChIH (H subunit of the chloroplast magnesium
chelatase), GPCR (G protein coupled receptor type G protein), ~L
2] 3L PYR/PYL/RCAR 5°] 2 <A glt}. ChiHE 5425
(chloroplast envelope)ol] EAEH= YAt LA 2A FAF2] 2
of, B0 7o) 4%, Telal 7158 i T3 BE 9EE 3
Sh= Ao Z A= TH18]. 349 ChlH7F 3-8 Al 3 (guard cell)
9] MA|AAL Al T A o] & &S | X X4} WAL 7HE A3 24
(radioligand binding assay) 23}, T8 &gt A4S Aglo] ¥t
HA] ekkH6]. sk Bl oA ChiHS 735 22 (homologous
protein)©] A 24k} TS BEAER] Fgko w[19], of 717 el
Al H-32.2 A% YA} AZ33 ChiH Atel o] Aol A%
EIZ] 2+SkTH20]. kA ChiHE Ag 4 0% A2 Adlehe
Zﬂt O]—LJX]U} oﬂ/\]}\}\]-}\ T & ul-oﬂ oﬂzsL_ u] ]‘— 74_:5' >
Xé%q. $FH GTG (G-protein coupled receptor-type G-protein)13}
GTG2= 984 " (plasma membrane)ol] E=AFH YA A A A7
2 oA I FHAZA] GPAL (G-protein a-subunit)} 35 2t
GSITH18]. GPAL A} ot 9l o} 5 237 Fofl 9lo] A~
AP AT HGS SAJA O 7 FAsH= S 4214;(].0]@ [21]. gtg = o
Ho| AEAE o BT Ao)7t UL grgl/grg? ©ls EAWO|=

HAAAR AT A A gt 2ol & Helom o] GTGI
BE% GTG29] Q102 ¢hd3] K.y Qlth22]. Park 2](2009)%}
a £1(2009)°1 &J3l 22 FAI2AL FE-A 9} 1 o Eo] ¥he] A
uq,q MA| 2 AFO] Q1A RE] SIA] XA HESA) A zfe] ukE 7hA] <]
TFAZRJA A HAgo] AAI = ATH23,24]. HAIAARS] 84
?l PYR/PYL/RCAR /H]iﬂé]ﬂr & Atolef A A2~k Al
o] s AR Z LA [6], B B A A0 Ui P A
Az AG A2 E sl fﬂ F8 S sl Aol gheiRl
TH25]. §AI 24> PYR, PP2C (type 2C protein phosphatase) 2}
Agst=d], ol 52 4 1.5;_01] 2] 3|l bZIP (basic leucine zipper
protein) .2 7}i= Al S Fgo] o] Fo 7t} 26]. PP2CE T &
QAikst EARA YA ‘?}% 3 FRAR ol H ok HARRIAL
£ BA3A7]E SnRK2E AAS) &, PP2CE YA AL AT

2 I ol A 24 A A (negative regulator)©]™ SnRK2+: &
A} (positive regulator)o] T, 2 E#H| A Al A & YA 24
A SRR} HEE 7] w Bl PP2CE A = = 7)1Fo]
ac} o] 9} ¥ 3to] PYR/PYL/RCAR®I 2&l] w7l &&= 4A]
SHY FEE Fig 3ol YERAGITE A4 AEo] AEHA
X] b= 2k Aol M= SnRK27F PP2Cel| 28l A% 7] wio]
FRAATL HAE] A o=t WA AEH AT 0]
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PP2C A}o H QBLOI OH*@}HUE PP2C2] Edo] SAlHTH27].

2l 5] bZIP FARRIA} B
o %@37‘%5 = ?l"}i} Al 7]7] o]l YAIAAE WSS A
elE 4 gtk AEHA RS 4R A2 AR E (chaperone), -

A (antifreeze protein), i%%‘(proline)ﬂ} 22 ~EYX A
] el A 3} H A1 R (transcription factor), Q14T 4 ©Q1AHS}
# 4~ (kinase and phosphatase)$} 2> 24 WA 2 G-FE T}H28].
2EHA NS A -6l 23 WARIAIZ = DREB
(dehydration responsive element binding protein), AREB (ABA

Normal condition

PYR/PYL
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Fig. 3. The ABA signaling pathway mediated by PYR/PYL/RCAR
in plants.

responsive element binding factor), NAM (no apical meristem) 5|
Ao AL T AE A gEgelA] F Q3 QIZFE AREBI,

- ==

AREB2, ABF3, ABF1 50] R.31591th29].
4. WAIAACS| T

PAIZARE & H5 AEw Ao Whgshe T8 T2l TAl

S& Tl SAHER, Zo] F53 oM IS
ol A AL Eato] 7]eE B Alolvh30]. 3§ "ﬁ/\]’\*}/]
ATE A5 FALZ o U (ethylene), W 2 (gibberellin), <Al

41. 2 & AEYA HFZ(Responses to Water-deficit Stress)
A5 THEOI I T Tl 3 eRle] dF B R A

EdAT ) ek, o]els Bl ARAlEE AEeAg 3
SHIL o] AIARE F28] 771, AAE D

37 A=A 50 0 4, % %ﬂ AN

:TLE_O AEgﬂA §;]_ﬁoﬂ/\1 oﬂ}\]/\/\]—oﬂ 9l H
< HOFQlEt], W AddiFEodA A~

A aba3-12) 7152 S|4 X TH34]. N ]i’d’% ROS (reactive
oxygen species) A& FWshi= A3 ARZE Ao Z2H
Ca*'?] S7+= idr 32]. Ca** Ade] Ssh= ~EHA Y &
2R A5 AL, 24 A (polar growth)S E 33 theksk ROS Wi
N T el A TAIY S 3L TH35]. ROS| o3 571
Ca> & FWAIE ] 4334 uto] o] A2 HE] Fol22 55
sk, al2Abe] wiehs o] Ad-2 S-type o] Ad
(slow-acting sustained anion channel)©]™[36], 7 23} FHA|E2]
o] FHasto] 7|30l BRITH37]. S FHAE Tl YA
FEVFEoW 7| Fo] FEoRM E 5 AEYAR IS 7
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EAE Y T e AolT}38]. 2 Qle] o8l A AWMU YA AL 7S AAFO =
A dtols R8s Wi e AR S SR8k oJ3hs st

4-2. Y| =3}(Leaf Senescence) CH11]. Akl A B == A A A3 53224 NCED6
oA e %71 17 (leaf primordium)E A Fokio] F Q3 U NCED9 5] & A AtH45]. need6/nced9 ©1% =AM o] Aol

713 H11[39], YRS G2 A2 whEA AdAdste] A3z M= GAIZARS] T TR Fo] Fhashs At UERT

o] 21 & dheke] mix|ul WA|Ql w3} IS AX|=u], ofu] o [46]. W71l A e 52t NCED6+= ¥l 4 (endosperm)©ll

-2 Moo} A7) P (storage organs)oll A FE TH40]. 2] = A W E 31 NCED9S- vl & 7} vlloH(embryo) B FollA T = =

sh= grslEs 2 AA EA1] SalEollA] T Al o, o] = <Qlal Uj8A YAI2AE GEo] ok FAte] Wbt o

A 5o79] 03285 AR O ZMR M AR oo A= A Al THA47].

O 2[39], WA 2 4F 29le] o) =dHuH17]. 1 L F

BRI YAIAARS 18] glel] F-] gt kS mIX] = A1 oR Bl 5, QHA|AAS| B2 MOt

et BRI AARS A S BH(Oryza sativa)oll A Q1o =371 =31

¥ 1.07[10], o717 (4rabidopsis thaliana)*) X = Bl 53 2 7} cheket AT 38l ool IAIAARS] 3-8 A7) o] o x| AL

71 1= ATH41]. 71E0ll= AIzato] ol A& =38t 3127 Table 10 A58} FopH YA| AR Ao} 8- 17|31

o Qo] w35 HZsh= Ao F g A AATh42]. 18 Zhu A-s Qokslelnt. FAH F e ool M= A EA U] QA4 4l

21 2016)= olld @ A& Aol A YA A e 28l F =AY TG 717 9 23l 7=l giét o]l E uhgeR e Sl

PYL9®] o8l 4= w3t # FAAMQ) s4G12-LUuCe] 74kE vhASkar Qlet. YAl Ake] o] shal-gollA =gt ofehE: F

A= dojuA] ekokthar B gith43]. upeha] YA AARS ofE] = AAAAY A13LE 2 (hydroxylase)S 2 #lHAW, PP2CS) -3

A} X AR5 58| Ao w35 o o= Aoz A £ ks 5] Waoltt. shH, AR A B ol B &,

2}, 27 (algae) SN E Y0 ThFRE 71552 3] o]
AT 9 AIY B} R ]2 B8] 915 A7

(]

4-3. ZXI2| EM(Seed Dormancy) |01 31 ATH48,49].

w3k Qe QoM sl Yl AAS o] 11k Rhde) &
& A Aol A b gsh AT Rl e FUH44]. AE
A TR FHF o= AE Y T4 HAlA o
[17], olell #ofsh= A T2 oz = Aud-

5] HA G E 8} HotelAlE Efrsa U A Al s dd-S
o F3 A ES Ago] AFE L Ut} 18] 3L PPARY (peroxisome
™ proliferator-activated receptor y) ZH-&-4| 24 2] YA| AL o1&
A

2] A 2t (insulin) 1] 2 APA2 7EAA Z0A 7)5 0] AE AL glo], Al
ol itk AWl PAAALS) AT W, K% SR 58 AN F8E AW AR 9 e 7ksAo] AT gl o
Table 1. Summary of ABA applications in biotechnology
Category Research topic Summary Prospect Reference
AbzEl Abz-El is a specific inhibitor of ABA 8’-hydroxylase (CYP707A). [53]
CYP707A plays a major role in ABA catabolism.
A butoxy group was introduced to Abz-E2B instead of the tosylate group of
Abz-E2B Abz-El. It has enhanced water solubility and improved enzyme specificity. [52,54]
However, its synthetic yield is too low for practical applications.
- p — An Increase
Green Abz-E3M has a simpler structure as Abz-E2B and it synthesised in shorter in crop yield
Biotechnolo Abz-E3M steps. Treatment with Abz-E3M induced stomatal closure and improved [52]
&y drought tolerance in Arabidopsis.
Altering structure The fourth position in the VxG®L motif is major in mediating the interaction
o f%’Pz C between OsPP2CAs and OsPYL/RCARs. Growth rate of one OsPP2C50 [55]
mutant slightly enhanced without ABA treatment.
Delaying germination ABA can delay seed germination in Pseudoroegneria spicata, Elymus Germination inhibitors  [56,57]
elymoides, etc.
PPARy-dependent ~ ABA administration in a mice model has demonstrated an anti-inflammatory Anticinflammato
anti-inflammatory  protective effect. ABA ameliorates experimental inflammatory bowel disease drues Yy [58,59]
effect through a PPARy-dependent mechanism. &
ABA could be used as a nutritional intervention against type II diabetes and
Red Binding of ABA to obesﬁy-relatgd 1nﬂam.mat10n. ABA increases in human pl'asma after Treatment for T2DM  [63-65]
. PPARYy hyperglycemia and stimulates glucose consumption by adipocytes and
Biotechnology
myoblasts.
PPARY agonist pioglitazone significantly restored the decreased level of
Neuroprotective e'ffects BDNF in A[S.-trt?aFed rats.. PPARy agpmsts re:duce amyloid anq tau . ) Treatment for AD [69-71]
of PPARy agonists  pathologies, inhibit neuroinflammation, and improve memory impairments in
several rodent models and in humans with mild-to-moderate AD.
. ABA were able to increase TAG accumulation in Chlorella saccharophila.
. White ABA treatment The highest lipid content obtained from ABA-treated biomass can be used for | . ImproYem.ent of [77-83]
Biotechnology on algae biomass for bioenergy

biodiesel application according to its biodiesel properties.
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O ARG B ool 25t0) AR A BE 1
YA BE o] vlol AR A HBL FhA7)
= 77k A o gk
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f(Green Biotechnology)
2 5% ARG Qlo] ABE 2 o](hmmng factor)o| ™ 2] &0]
3ol A o] & FH ke REg2 2ha Aatel vl Fositt
[50]. HAIAALS 78] F4 J Fo A QA7 ol e] F
*J & (photosynthetic rate)S 572 ]‘—E A0 2 YEFHTHS50,51].
SR F A 8 ool A 7Ha AE T ARE AR S
22 CYP707A (ABA 8-hydroxylase)*l] 2] 3t 4=AF3Hhydroxylation) 2}
7E% QRle) &gt AR B8} witoll AlghE SlTh52]. o]
= F5317] 9)al Okazaki £1(2011) CYP707AS JA|ah= 710
47 A FAYH A DA uniconazole?] FAHAS A W g
J&+e] Abz-El(Abscinazole-E1)°| k= Al 2% CYP707A & A#|
= 7RSI THS3). 0153l Okazaki 21(2012)%= Abz-E19] tosylate
group tAl butoxy group= =33t Abz-E2BE sk, 1
Ay} §3%7} ol om a4 Eol% A /M= ACHS4]. 3
ARE Abz-E2BE AAZ A Lat7]oll= T4 F&0] @7 wEo
Takeuchi 2](2016)= Tet 329 22 34 Dmm 5791 Abz-
E3M< /NEEtsion, ol of71%ddiellA 715 Aol 7 A3
< PPAIFTHS2]. o1 A H 7]SRste)] tl-g-3k] flal YA B
2435 53K, CYPT07A AAIAL] AAA R -5 flsh <
T7F AEE 1 Qi
gk HAEA ~EY A g o] S AES Eel] As
tﬂ—lﬁ o7 Ou}\]/\)\]— o]/ﬂ 7IE gAS tﬂﬁg/\] 71 03?7]- —ZILLH ‘?i:r"{]
ofl oJ3l] A|AIE AT Lee £1(2017)= o717t oA PYL/RCARY}
9 A5 Ag-& 2dskE PP2CY] 57 RE|ZE A9l eH, &
7@ ‘Eﬂo]i] ]/ql—_ oH/\]A/\}- o 7]—1:0] tﬂi}ﬂ' %i Il Bit:v/] ou/\]/k
AF A E] Glol = He] /o] tha S7HITE YRR o2 YA Ak

lmo_ui-ﬂlﬂl
m}ii

ABA

P; 4

ca2+

Pro-inflammatory signaling

YA A4 B A 519

Ay UATHS5], B
Lo %}P—‘ji AEG Sue] 7tede
AlAFSHEE, ghd A 2ARS] kot oA V)5S S8-5 D RIS
AA1= a1 31T}, Richardson £](2019):= Pseudoroegneria spicata®]
Wols 2|AX717] S8l TAHE YAk e R FHsglon, 14
7 FH )80 #E5F o7E o AAA 5 9ol v
RTHS56]. o1&+ A Elymus elymoidess WAk 0.2 3+ Ao
AME Hoprt AAETHST]. whebA] T4 RESHAL ot A7)
o] Meiz] Xé = 7]’—0]'74] Sk ot A QA ZA PA 2] 4
7 &

SZ= 1 0

5-2. S|MH IS FOKRed Biotechnology)

QIZF 83 B FEOA fAIARS M st AT 9543
% 2 2k(inflammatory bowel disease, IBD), A123 &= (type 2
diabetes mellitus, T2DM), &> 3}0] ™ (Alzheimer’s disease, AD),
&% (depression) 2] ™ X5l £Fo] HE A OE VERTH
[58]. IBDO]| thgh YA| AL &5 282 & U WA M2
oM AT S H]":)’OE o]Fo==t] o]&= PPARyS] &
‘dslell @eIltt. Fig. 4 X552 WA A o] FoiX| &=, )

A 22 Al e S F3 403% 1l &5 2 (pro- and anti-
inflammatory actlons)# ERd Zlolm | A~ RS 15 HEg-ollA

0]F ¢l 7]5L 3= Ao & Helth13]. Guri £ (2011)= A~
2to] PPARy-8E2 © & IBDell el &9 a3E YeRiARE, T
AlsEe] PPARy7E Sl W= f52 oFshAlIthE A2 v
[59]. WA AI2ARe) WhE-ali= A= T AlS A ARlo] &8
T 3lom, o= U A B3} ol BSE A A AT
Aole] ZbEE AFE A E ¢ lvH58]. Aed o0& FH5A
FH BATA PR AL FAARI Z-E- 7] e ti$h A7t 218
Hvhd IBDE 28t A5A &) sMo] 7hsd Aow A
Hr}

Anti-inflammatory signaling

@-
Co =\
-
P

A Transcription
CNNRY

Anti-inflammatory genes

Fig. 4. The ABA signaling pathway in mammalian cells of the immune system. LANCL-2, Lanthioninesynthetase C-like protein 2; PLC, Phos-
pholipase C; DAG, Diacylglycerol; IP3, Inositol trisphosphate; AC, Adenylyl cyclase; PKA, protein kinase A; CD38, Cluster of differ-
entiation 38; cADPR, Cyclic ADP; ROS, Reactive oxygen species; NO, Nitric oxide; PPARy, Peroxisome proliferator-activated

receptor .

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



520 ods - A

$hH, AYS 289 I gAY s B 984
ghof| A o] HA] AL Q14), cADPR (cyclic ADP ribose)] A8 AL,
Ca*' 2] =715 Fukattl60]. Al A~Ake] 33 (granulocyte) 5
WA Al3E] A& A utef] A$Hs}al PLC (phospholipase C)7| &
J3}=] o] DAG(diacylglycerol), IP3 (inositol trisphosphate)E- 57}
A7), DAGE A5 g vl7)] £ 53l AC (adenylyl cyclase)E
A=k}, o] 34 0 2 EJ 31El PKA(protein kinase A)= CD38
(cluster of differentiation 38)2] 14t3}E -5k cADPRE 57}
AZIth, HEH 02 AEA9] Ca¥' T T8I AME AE-S
75847 k3 ROS®}F NO(nitric oxide)7} 84 2 W& th61].
Bruzzone £](2007)= A7 W&o YA ~aHS FEEE X2 S
AFE B3l A FHTFellA] gAl ATl M 283 ROS 2
NO &S A TThs ARLS viRiTH62).

207 WA XA PPARYS A ZAGS
AD®] 714 7F5/do] Utk T2DM H] gk 3 2
TS, T A AR FO7 olojF ¢ Gl Jdad A A
o[t} T2DMel| §344]Q1 oFe - shuti Qe 7l
TZD (thiazolidinedione)”} €& F ., 12| 4§-2| 0 PPARy+=
TZDel| &3l A8 A o2 A-g-3t}[63]. skA%F TZD+= A% 57t
54 58 F2hgo] Q7] whizel o] & tiAIE X 5A7F 875 %)
o). Guri 2](2007)= TZD2] Wt 24 TZDS} 7-54 02 FA}
Shal PPARy BIZHE A3 H-9o Agteli= Al ~ARe] 88 7S
A& AABFITH64]. PAIAARE I s 27) 55 o QI Y
A2 pMAEEFE FEET o]& Q3| ledo] ErlHrHel]. A
A2 PAr| Ak 1 ] gl A X]F-2] 2 WA X (adipocyte) 2+
A Z (myoblast)ell <18 L= F4E Ashs & 22T Ul
A} 24 o] o Fhrhs AP o] B TH65]. kA Al AR
T2DM A 5=e] §lo] TZDE thAlE 1 B4 = 7|ch=th

A= 719, 2101, /34, 8% T 271 o1/ 1A &< (cognitive
domain)°] 2} B glek= Ao] EAo|w, ADE X|ulj9] 7 E5t
Alelth66]. ADE sk WAl Q10 2= ol ® o= H|
El(amyloid beta, AB) S}, EF-(tau) S A 2] A7, A AHASF
(neuroinflammation) 5-°] AtH67]. 53], ERF- T a2 A HA 0]
AT} 7] ZollE doithes]. b ADE X 5317] $18t o]
FARl A mAl= A 2719 v AW 3]0 ERy- v v
Qlaksl W A HA AES BT SIAZ = Qlojof st 457
7}FA](dendritic spine)] <=4 A2 7]5-2] A3 T} 25291
o] glom s FAE7|7hA o) Wi of A2 7HA/d (synaptic
plasticityys 7FA17 ok k=t ole|gt 7155 3= £% % BDNF
(brain derived neurotrophic factor)”} QITH69]. Prakash 2](2014)=
A E(rats)ll ABE A Elst] ADE F%3+31.9H, ©]5 PPARyS]
2hg-A)91 3] @ 28] B} (pioglitazone)S ] 2] 3+ TH70]. 1 A3}
o] R BDNF ]2} Al 7R o] B S71eigiet), o=
PPARy ZH8-#7] BDNFS] &&& 2438lo] AlY2 7kad S 7
ANASS B Aot gt Fof| A ~akS A 2lst A7
g5 w8 7|9 Eo] g A7 R EITHT]. AR
PPARy BJ{F=0) Aotk AR T o AT AeS S o=
Y& ), YA 3 ADE A E 7sAdo] IS AoR
T Ech wheba] YA Akl &3 PPARYS] B33 3 W AD
ksl 712l gk A7 ko ® ¥ ZErkd ADS AR AR
Al o] 7heg A0 = 7 oEct

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020

o

ok

R

5-3. MM ES FOK(White Biotechnology)

SARAEE AT F e vlol oA Rl H743 o R v
M ZF(micro algae)”} 53] H 223 o}, plMZ /= A &
S wED A5 AR E e ko g el o]k
SEAE Fsl] Wil QIS A&7kt s gk oAl &

202 FET QU7 BE AEHe o] ouls e g
ol 25 7 ATEo] s 3 QAR T3], BEE B
7R oA 7] Hol B A AR £4 AR 0F
FEA 5 Y A A2 BAEIG 0 [74), 02l & A

HpEEO 2 3At upo] @ w2 7|5k uio] @ g 3to]i 2] (biorefinery)2]
FEsHE HRE US Ao F¥E L 7577 w27
S 2 AT Chlorellay= 7% 5271 whEm] S AL A @ 24
ShFo] 7] wlel vpo] o)Al ik el Agtsitiar LA Q)
©1[78], Contreras-Pool ¢](2016)= 22 @&} A}7+=2 e Chiorella
saccharophila)®] oFel A 2ARS H7keE Ao Egjola S Al
Z (triacylglycerol, TAG)2] $Hr&o] 28] o4 S71E 55 &l
SIATH79]. 53] A2t AR E 24 sl YA 2Ake H7HS
o], A3 FE0h A gHfo] SUhEE Z1O0®E uHE KT 79,80].
TS, =252 Scenedesmus quadricauda[81], Nannochloropsis
oceanica[82], Chlorella vulgaris[83]°1] A ALS H71eE A3} o]
A AT-53 FASHA vlo] Quij A H= XA 8] =Fo] gFE Ao
2 B 15t} Sivaramakrishnan¥} Incharoensakdi (2020)= S%
A} wlj kol A A A4, AloFEl(zeatin), 1= A EAK(indole
acetic acid), A/ HZAHA 5 thefst A& 52 20| HIlol| st a9
ghlg At PAAS 7R Aol A L 7h-3(0mega-3)4t
e 3 AARS] Aol S = A o® uhe Alrks4]. wk
A A RS 91k v Az wljekell A YAIAARS] Al e g
Fou T 7)& el gk AT Sl vio] eElTtolyE] e g80]
Xt 3dE Ro = 7Yt

6. 4

Thu

PAIAERE A EollA AEH A REgofl gk A s 37g5

ek gt oo wal, FAe) il 52| el ago] pofat

7
N
g AT E 8t FokellM AL S8che AEel 3 AL 9l

A 38 Bokoll A CYP707A AA] S Ea) HA| AL
_] =

)
iih)
i)
4
30,
o J
S,
|o
il
N
Y
i,
&
1o,
0%,
ol
- 01-4_1

(o)
PPARyS] ZFE-AZA YA FAS 28, A&
7ee UERIER 54 A8 W o] X
Us ZOFE KTk HSE YA AAR] AlYA TEAAE TRAA
815 597 7198E AN Ao E FYE =, 9 <Y
213} PPARy AFo19) Al Y tAUZ0] s vt
&5 A A 5A o] 7FsE F o R o iwTh

o
ol oz MU [ X )y 1o

5%
r_r>_"‘ rg

2 o o
i)
% r?

N
flo m

1o oF
ol
N
2
)
2
[0
ﬂF
pau)
|o
il
2
o
o)
|o
e
%t
ol
o0
ofo
re
4
il
=
o



SEEA WY AE TR GAAL B BE AT 521

el e a8 NS S8 AdEEl 278 AR

7chaet.

z A
2 QI 20208 % A eheh el THlE A 2ol
53,

References

1. Dangi, A. K., Sharma, B., Khangwal, 1. and Shukla, P., “Com-
binatorial Interactions of Biotic and Abiotic Stresses in Plants
and Their Molecular Mechanisms: Systems Biology Approach;’
Mol. Biotechnol., 60(8), 636-650(2018).

2. Atkinson, N. J. and Urwin, P. E., “The Interaction of Plant Biotic
and Abiotic Stresses: From Genes to the Field)J. Exp. Bot.,
63(10), 3523-3543(2012).

3. Addicott, F. T., Lyon J. L., Ohkuma, K., Thiessen, W. E., Carns,
H. R., Smith, O. E., Cornforth, J. W., Milborrow, B. V., Ryback,
G. and Wareing, P. F., “Abscisic Acid: A New Name for Absci-
sin II (Dormin);’ Science, 159(3822), 1493(1968).

4. Strausz, S. D., “A Study of the Physiology of Dormancy in the
Genus Pyrus; Ph.D. Dissertation, Oregon State University, Cor-
vallis, Oregon(1970).

5. Cornforth, J. W., Milborrow, B. V., Ryback, G., Rothwell, K. and
Wain, R. L., “Identification of the Yellow Lupin Growth Inhib-
itor as (+)-Abscisin II ((+)-Dormin);” Nature, 211(5050), 742-
743(1966).

6. Zhang, X. L., Jiang, L., Xin, Q., Liu, Y., Tan, J. X. and Chen, Z.
Z., “Structural Basis and Functions of Abscisic Acid Receptors
PYLs?’ Front. Plant Sci., 6, 88(2015).

7. Sah, S. K., Reddy, K. R. and Li, J., “Abscisic Acid and Abiotic
Stress Tolerance in Crop Plants]’ Front. Plant Sci., 7, 571(2016).

8. Lawas, L. M. F., Zuther, E., Jagadish, S. K. and Hincha, D. K.,
“Molecular Mechanisms of Combined Heat and Drought Stress
Resilience in Cereals]” Curr. Opin. Plant Biol., 45(Part B), 212-
217(2018).

9. Pareek, A., Dhankher, O. P. and Foyer, C. H., “Mitigating the
Impact of Climate Change on Plant Productivity and Ecosystem
Sustainability)’ J. Exp. Bot., 71(2), 451-456(2020).

10. Ray, S., Mondal, W. A. and Choudhuri, M. A., “Regulation of
Leaf Senescence, Grain-filling and Yield of Rice by Kinetin and
Abscisic Acid] Physiol. Plant., 59(3), 343-346(1983).

11. Kang, J., Yim, S., Choi, H., Kim, A., Lee, K. P., Lopez-Molina,
L., Martinoia, E. and Lee, Y., “Abscisic Acid Transporters Cooper-
ate to Control Seed Germination]” Nat. Commun., 6(1), 8113(2015).

12. Kobayashi, Y. and Tanaka, K., “Extraction and Measurement of
Abscisic Acid in a Unicellular Red Alga Cyanidioschyzon mero-
lae} Bio Protoc. 6(23): €2033(2016).

13. Balifo, P., Gomez-Cadenas, A., Lopez-Malo, D., Romero, F. J.
and Muriach, M., “Is There A Role for Abscisic Acid, A Proven
Anti-Inflammatory Agent, in the Treatment of Ischemic Retinopa-
thies?)” Antioxidants, 8(4), 104(2019).

14. Finkelstein, R., “Abscisic Acid Synthesis and Response’’ Arabi-
dopsis Book, 11, e0166(2013).

15. Xiong, L. and Zhu, J. K., “Regulation of Abscisic Acid Biosyn-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

[<]

thesis}” Plant Physiol., 133(1), 29-36(2003).

Vishwakarma, K., Upadhyay, N., Kumar, N., Yadav, G., Singh,
J., Mishra, R. K., Kumar, V., Verma, R., Upadhyay, R. G,, Pan-
dey, M. and Sharma, S., “Abscisic Acid Signaling and Abiotic
Stress Tolerance in Plants: A Review on Current Knowledge and
Future Prospects;’ Front. Plant Sci., 8, 161(2017).

Saroj, K. S., Kambham, R. R. and Jiaxu, L., “Abscisic Acid and
Abiotic Stress Tolerance in Crop Plants)” Front. Plant Sci., 7,
571(2016).

Wuy, F. Q., Xin, Q., Cao, Z., Liu, Z. Q., Du, S. Y., Mei, C., Zhao,
C. X., Wang, X. F,, Shang, Y., Jiang, T., Zhang, X. F., Yan, L.,
Zhao, R., Cui, Z. N,, Liu, R, Sun, H. L., Yang, X. L., Su, Z. and
Zhang, D. P, “The Magnesium-Chelatase H Subunit Binds Abscisic
Acid and Functions in Abscisic Acid Signaling: New Evidence
in Arabidopsis)’ Plant Physiol., 150(4), 1940-1954(2009).
Miiller, A. H. and Hansson, M., “The Barley Magnesium Che-
latase 150-kD Subunit Is Not an Abscisic Acid Receptor]” Plant
Physiol., 150(1), 157-166(2009).

Tsuzuki, T., Takahashi, K., Inoue, S., Okigaki, Y., Tomiyama,
M., Hossain, M. A., Shimazaki, K., Murata, Y. and Kinoshita, T.,
“Mg-chelatase H Subunit Affects ABA Signaling in Stomatal
Guard Cells, but Is Not an ABA Receptor in Arabidopsis thali-
ana;’ J. Plant Res., 124(4), 527-538(2011).

Wang, X. F. and Zhang, D. P., “Abscisic Acid Receptors: Mul-
tiple Signal-perception Sites,” Ann. Bot., 101(3), 311-317(2008).
Pandey, S., Nelson, D. C. and Assmann, S. M., “Two Novel GPCR-
Type G Proteins Are Abscisic Acid Receptors in Arabidopsis;’
Cell, 136(18), 136-148(2009).

Park, S. Y., Fung, P., Nishimura, N., Jensen, D. R., Fujii, H.,
Zhao, Y., Lumba, S., Santiago, J., Rodrigues, A., Chow, T. F., Alfred,
S. E., Bonetta, D., Finkelstein, R., Provart, N. J., Desveaux, D.,
Rodriguez, P. L., McCourt, P, Zhu, J. K., Schroeder, J. 1., Volkman,
B. F. and Cutler, S. R., “Abscisic Acid Inhibits Type 2C Protein
Phosphatases via the PYR/PYL Family of START Proteins;’
Science, 324(5930), 1068-1071(2009).

Ma, Y., Szostkiewicz, 1., Korte, A., Moes, D., Yang, Y., Christmann,
A. and Grill, E., “Regulators of PP2C Phosphatase Activity Function
as Abscisic Acid Sensors.’ Science, 324(5930), 1064-1068(2009).
Lim, C. W., Baek, W., Han, S. W. and Lee, S. C., “Arabidopsis
PYLS Plays an Important Role for ABA Signaling and Drought
Stress Responses;” Plant Pathol. J., 29(4), 471-476(2013).

Qiu, J., Hou, Y., Wang, Y., Li, Z., Zhao, J., Tong, X., Lin, H.,
Wei, X., Ao, H. and Zhang, J., “A Comprehensive Proteomic
Survey of ABA-Induced Protein Phosphorylation in Rice (Oryza
sativa L.))" Int. J. Mol. Sci., 18(1), 60(2017).

Tischer, S. V., Wunschel, C., Papacek, M., Kleigrewe, K., Hofimann,
T., Christmann, A. and Grill, E., “Combinatorial Interaction Net-
work of Abscisic Acid Receptors and Coreceptors from Arabi-
dopsis thaliana; Proc. Natl. Acad. Sci. USA, 114(38), 10280-10285
(2017).

Khan, Z. H., Kumar, B., Dhatterwal, P., Mehrotra, S. and Meh-
rotra, R., “Transcriptional Regulatory Network of Cis-Regulatory
Elements (Cres) and Transcription Factors (Tfs) In Plants During
Abiotic stress]’ Int. J. Plant Biol. Res., 5(2), 1064-1081(2017).
Nakashima, K. and Suenaga, K., “Toward the Genetic Improve-
ment of Drought Tolerance in Crops,’ Jpn. Agric. Res. Q., 51(1),
1-10(2017).

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



522

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

o]X 5 - 712~

(¢}

Pei, Z. M., Ghassemian, M., Kwak, C. M., McCourt, P. and
Schroeder, J. 1., “Role of Farnesyltransferase in ABA Regulation of
Guard Cell Anion Channels and Plant Water Loss)’ Science,
282(5387), 287-290(1998).

Zeevaart, J. A. D. and Creelman, R. A., “Metabolism and Phys-
iology of Abscisic Acid;” Annu. Rev. Plant Physiol., 39(1), 439-
473(1988).

Osakabe, Y., Osakabe, K., Shinozaki, K. and Tran, L. P,, “Response
of Plants to Water Stress)’ Front. Plant Sci., 5, 86(2014).
Darwin, F., “Observations on Stomata’ Philos. Trans. Royal Soc.,
London, 190, 531-621(1898).

Bauer, H., Ache, P., Lautner, S., Fromm, J., Hartung, W., Al-
Rasheid, K. A., Sonnewald, S., Sonnewald, U., Kneitz, S., Lach-
mann, N., Mendel, R. R., Bittner, F., Hetherington, A. M. and Hed-
rich, R., “The Stomatal Response to Reduced Relative Humidity
Requires Guard Cell-autonomous ABA Synthesis]” Curr. Biol.,
23(1), 53-57(2013).

Mori, 1. C. and Schroeder, J. 1., “Reactive Oxygen Species Acti-
vation of Plant Ca®>" Channels. A Signaling Mechanism in Polar
Growth, Hormone Transduction, Stress Signaling, and Hypotheti-
cally Mechanotransduction;’ Plant Physiol., 135(2), 702-708(2004).
Joshi-Saha, A., Valon, C. and Leung, J., “A Brand New START:
Abscisic Acid Perception and Transduction in the Guard Cell}’
Sci. Signal, 4(201), re4(2011).

Munemasa, S., Hauser, F., Park, J., Waadt, R., Brandt, B. and
Schroeder, J. 1., “Mechanisms of Abscisic Acid-mediated Control
of Stomatal Aperture}” Curr: Opin. Plant Biol., 28, 154-162(2015).
Lisar, S. Y., Motafakkerazad, R., Hossain, M. M. and Rahman, 1.
M. M., in I. M. M. Rahman(Ed.), Water Stress, InTech, Croatia
(2012).

Van der Graaff, E., Schwacke, R., Schneider, A., Desimone, M.,
Flugge, U. 1. and Kunze, R., “Transcription Analysis of Arabidop-
sis Membrane Transporters and Hormone Pathways During Devel-
opmental and Induced Leaf Senescence;’ Plant Physiol., 141(2),
776-792(2006).

Himelblau, E. and Amasino, R. M., “Nutrients Mobilized from
Leaves of Arabidopsis thaliana During Leaf Senescence]’ J. Plant
Physiol., 158(10), 1317-1323(2001).

Asad, M. A. U.,, Zakari, S. A., Zhao, Q., Zhou, L., Ye, Y. and
Cheng, F., “Abiotic Stresses Intervene with ABA Signaling to
Induce Destructive Metabolic Pathways Leading to Death: Pre-
mature Leaf Senescence in Plants)’ Int. J. Mol. Sci., 20(2), 256
(2019).

Riov, J., Dagan, E., Goren, R. and Yang, S. F., “Characterization
of Abscisic Acid-induced Ethylene Production in Citrus Leaf
and Tomato Fruit Tissues,’ Plant Physiol., 92(1), 48-53(1990).
Zhao, Y., Chan, Z., Gao, J., Xing, L., Cao, M., Yu, C., Hu, Y., You,
J., Shi, H.,, Zhu, Y., Gong, Y., Mu, Z., Wang, H., Deng, X., Wang,
P, Bressan, R. A. and Zhu, J. K., “ABA Receptor PYL9 Promotes
Drought Resistance and Leaf Senescence;’ Proc. Natl. Acad. Sci.
US4, 113(7), 1949-54(2016).

Zhao, Y., Gao, J., Kim, G. 1., Chen, K., Bressan, R. A. and Zhu,
J. K., “Control of Plant Water Use by ABA Induction of Senes-
cence and Dormancy: An Overlooked Lesson from Evolution]’
Plant Cell Physiol., 58(8), 1319-1327(2017).

Huo, H., Dahal, P., Kunusoth, K., McCallum, C. M. and Brad-
ford, K. J., “Expression of 9-cis-EPOXYCAROTENOID DIOX-

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020

lot

[e]

- f3kd

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

YGENASE4 1s Essential for Thermoinhibition of Lettuce Seed
Germination but Not for Seed Development or Stress Toler-
ance]’ Plant Cell, 25(3), 884-900(2013).

Martinez-Andujar, C., Ordiz, M. 1., Huang, Z., Nonogaki, M.,
Beachy, R. N. and Nonogaki, H., “Induction of 9-cis-epoxycar-
otenoid Dioxygenase in Arabidopsis thaliana Seeds Enhances
Seed Dormancy;” Proc. Natl. Acad. Sci. USA, 108(41), 17225-
17229(2011).

Vishal, B. and Kumar, P. P., “Regulation of Seed Germination
and Abiotic Stresses by Gibberellins and Abscisic Acid;’ Front.
Plant Sci., 9, 838(2018).

Cowan, A. K. and Rose, P. D., “Abscisic Acid Metabolism in
Salt-Stressed Cells of Dunaliella salina: Possible Interrelation-
ship with B-Carotene Accumulation]’ Plant Physiol., 97(2), 798-
803(1991).

Lee, K. W,, Hong, S., Rahman, M. A., Ji, H. C., Cha, J. Y., Jones,
C. S, Son, D. and Lee, S. H. “Ectopic Overexpression of Teff
Grass (Eragrostis tef) Phi-class Glutathione S-transferase 1 (EtGSTF1)
Enhances Prokaryotic Cell Survivability against Diverse Abiotic
Stresses,” Biotechnol. Bioprocess Eng., 24(3), 552-559(2019).
Brito, C., Dinis, L. T., Ferreira, H., Moutinho-Pereira, J. and
Correia, C. M., “Foliar Pre-Treatment with Abscisic Acid Enhances
Olive Tree Drought Adaptability;” Plants, 9(3), 341(2020).

He, J., Jin, Y., Palta, J. A., Liu, H.-Y., Chen, Z. and Li, F.-M.,
“Exogenous ABA Induces Osmotic Adjustment, Improves Leaf
Water Relations and Water Use Efficiency, But Not Yield in Soy-
bean under Water Stress,” Agronomy, 9(7), 395(2019).
Takeuchi, J., Okamoto, M., Mega, R., Kanno, Y., Ohnishi, T.,
Seo, M. and Todoroki, Y., “Abscinazole-E3M, a Practical Inhib-
itor of Abscisic Acid 8'-hydroxylase for Improving Drought Tol-
erance;’ Sci. Rep., 6(1), 37060(2016).

Okazaki, M., Nimitkeatkai, H., Muramatsu, T., Aoyama, H., Ueno,
K., Mizutani, M., Hirai, N., Kondo, S., Ohnishi, T. and Todoroki,
Y., “Abscinazole-E1, a Novel Chemical Tool for Exploring the
Role of ABA 8'-hydroxylase CYP707A) Bioorg. Med. Chem.,
19(1), 406-413(2011).

Okazaki, M., Kittikorn, M., Ueno, K., Mizutani, M., Hirai, N.,
Kondo, S., Ohnishi, T. and Todoroki, Y., “Abscinazole-E2B, a
Practical and Selective Inhibitor of ABA §'-hydroxylase CYP707A)
Bioorg. Med. Chem., 20(10), 3162-3172(2012).

Han, S., Min, M. K, Lee, S. Y., Lim, C. W., Bhatnagar, N., Lee,
Y., Shin, D., Chung, K. Y., Lee, S. C., Kim, B. G. and Lee, S.,
“Modulation of ABA Signaling by Altering VXG®L Motif of PP2Cs
in Oryza sativa} Mol. Plant, 10(9), 1190-1205(2017).
Richardson, W. C., Badrakh, T., Roundy, B. A., Aanderud, Z. T.,
Petersen, S. L., Allen, P. S., Whitaker, D. R. and Madsen, M. D.,
“Influence of an Abscisic Acid (ABA) Seed Coating on Seed
Germination Rate and Timing of Bluebunch Wheatgrass.’ Ecol.
Evol, 9, 7438-7447(2019).

Badrakh, T., “Effects of Abscisic Acid (ABA) on Germination
Rate of Three Rangeland Species;’ MSc Dissertation, Brigham
Young University, Provo, Utah(2016).

Lievens, L., Pollier, J., Goossens, A., Beyaert, R. and Staal, J.,
“Abscisic Acid as Pathogen Effector and Immune Regulator]’
Front. Plant Sci., 8, 587(2017).

Guri, A. J., Evans, N. P., Hontecillas, R. and Bassaganya-Riera,
J., “T Cell PPARYy Is Required for the Anti-inflammatory Effi-



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

2EHA U A 3281 AT ARE 48 A 523

cacy of Abscisic Acid Against Experimental IBD}’ J. Nutr. Bio-
chem, 22(9), 812-819(2011).

Li, H. H., Hao, R. L., Wu, S. S., Guo, P. C., Chen, C. J., Pan, L.
P. and Ni, H., “Occurrence, Function and Potential Medicinal
Applications of the Phytohormone Abscisic Acid in Animals and
Humans,” Biochem. Pharmacol, 82(7), 701-712(2011).

Zocchi, E., Hontecillas, R., Leber, A., Einerhand, A., Carbo, A.,
Bruzzone, S., Tubau-Juni, N., Philipson, N., Zoccoli-Rodriguez,
V., Sturla, L. and Bassaganya-Riera, J., “Abscisic Acid: A Novel
Nutraceutical for Glycemic Control}’ Front. Nutr., 4, 24(2017).
Bruzzone, S., Moreschi, 1., Usai, C., Guida, L., Damonte, G.,
Salis, A., Scarfi, S., Millo, E., De Flora, A. and Zocchi, E., “Abscisic
Acid Is an Endogenous Cytokine in Human Granulocytes with
Cyclic ADP-ribose as Second Messenger;,” Proc. Natl. Acad. Sci.
US4, 104(14), 5759-5764(2007).

Lehmann, J. M,, Moore, L. B., Smith-Oliver, T. A., Wilkison, W.
0., Willson, T. M. and Kliewer, S. A., “An Antidiabetic Thiazo-
lidinedione Is a High Affinity Ligand for Peroxisome Prolifera-
tor-activated Receptor Gamma (PPAR gamma);’ J. Biol. Chem.,
270(22), 12953-12956(1995).

Guri, A. J., Hontecillas, R., Si, H., Liu, D. and Bassaganya-Riera,
J., “Dietary Abscisic Acid Ameliorates Glucose Tolerance and
Obesity-related Inflammation in db/db Mice Fed High-fat Diets]’
Clin. Nutr., 26(1), 107-116(2007).

Magnone, M., Emionite, L., Guida, L., Vigliarolo, T., Sturla, L.,
Spinelli, S., Buschiazzo, A., Marini, C., Sambuceti, G., De Flora,
A., Orengo, AM., Cossu, V., Ferrando, S., Barbieri, O. and Zoc-
chi, E., “Insulin-independent Stimulation of Skeletal Muscle
Glucose Uptake by Low-dose Abscisic Acid via AMpK Activa-
tion)” Sci. Rep., 10(1), 1454(2020).

Weller, J. and Budson, A., “Current Understanding of Alzheimer’s
Disease Diagnosis and Treatment,’ F'/000Res., 7, 1161(2018).
Kinney, J. W., Bemiller, S. M., Murtishaw, A. S., Leisgang, A.
M. and Lamb, B. T., “Inflammation as a Central Mechanism in
Alzheimer’s Disease]’ Alzheimers Dement (NY), 4, 575-590(2018).
Biundo, F., Del Prete, D., Zhang, H., Arancio, O. and D'Adamio,
L., “A Role for Tau in Learning, Memory and Synaptic Plas-
ticity}’ Sci. Rep., 8(1), 3184(2018).

Govindarajulu, M., Pinky, P. D., Bloemer, J., Ghanei, N., Suppi-
ramaniam, V. and Amin, R., “Signaling Mechanisms of Selective
PPARy Modulators in Alzheimer’s Disease)’ PPAR Res., 2018,
2010675(2018).

Prakash, A. and Kumar, A., “Role of Nuclear Receptor on Reg-
ulation of BDNF and Neuroinflammation in Hippocampus of p-
amyloid Animal Model of Alzheimer’s Disease;’ Neurotox. Res.,
25(4), 335-347(2014).

Liu, J., Gu, X., Zou, R., Nan, W., Yang, S., Wang, H. L. and Chen,
X. T., “Phytohormone Abscisic Acid Improves Spatial Memory
and Synaptogenesis Involving NDR1/2 Kinase in Rats]’ Front.
Pharmacol., 9, 1141(2018).

Lee, K., Lee, Y. J., Chang, H. N. and Jeong, K. J., “Engineering
Trichosporon oleaginosus for Enhanced Production of Lipid

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

from Volatile Fatty Acids as Carbon Source.” Korean J. Chem.
Eng., 36(6), 903-908(2019).

Joshi, R., Singla-Pareek, S. L. and Pareek, A., “Engineering Abi-
otic Stress Response in Plants for Biomass Production;’ J. Biol.
Chem., 293(14), 5035-5043(2018).

Rahpeyma, S. S. and Raheb, J., “Microalgae Biodiesel as a Valu-
able Alternative to Fossil Fuels;” Bioenergy Res., 12(4), 958-965
(2019).

Ju, J. H,, Oh, B. R, Ryu, S. K., Heo, S. Y., Kim, S. Y., Hong, W.
K., Kim, C. H. and Seo, J. W., “Production of Lipid Containing
High Levels of Docosahexaenoic Acid by Cultivation of Aurantioch-
ytrium sp. KRS101 using Jerusalem artichoke extract)’ Biotech-
nol. Bioprocess Eng., 23(6), 726-732(2018).

Choi, Y. Y., Hong, M. E., Chang, W. S. and Sim, S. J., “Auto-
trophic Biodiesel Production from the Thermotolerant Microalga
Chlorella sorokiniana by Enhancing the Carbon Availability with
Temperature Adjustment;]’ Biotechnol. Bioprocess Eng., 24(1),
223-231(2019).

Lee,J. H., Lee, H. U, Lee, J. H,, Lee, S. K., Yoo, H. Y., Park, C.
and Kim, S. W., “Continuous Production of Bioethanol Using
Microalgal Sugars Extracted from Nannochloropsis gaditana;
Korean J. Chem. Eng., 36(1), 71-76(2019).

Muthuraj, M., Selvaraj, B., Palabhanvi, B., Kumar, V. and Das,
D., “Enhanced Lipid Content in Chlorella sp. FC2 IITG via High
Energy Irradiation Mutagenesis;” Korean J. Chem. Eng., 36(1),
63-70(2019).

Contreras-Pool, P. Y., Peraza-Echeverrial, S., Ku-Gonzalez, A.
F. and Herrera-Valencia, V. A., “The Phytohormone Abscisic Acid
Increases Triacylglycerol Content in the Green Microalga Chlorella
saccharophila (Chlorophyta);” ALGAE, 31(3), 267-276(2016).
Sulochana, S. B. and Arumugam, M., “Influence of Abscisic Acid
on Growth, Biomass and Lipid Yield of Scenedesmus quadricauda
Under Nitrogen Starved Condition)’ Bioresour. Technol., 213,
198-203(2016).

Sulochana, S. B. and Arumugam, M., “Influence of Abscisic Acid
on Growth, Biomass and Lipid Yield of Scenedesmus quadricauda
under Nitrogen Starved Condition)’ Bioresour: Technol., 213, 198-
203(2016).

Lu, Y., Tarkowska, D., Tureckova, V., Luo, T., Xin, Y., Li, J.,
Wang, Q., Jiao, N., Strnad, M. and Xu, J., “Antagonistic Roles
of Abscisic Acid and Cytokinin During Response to Nitrogen
Depletion in Oleaginous Microalga Nannochloropsis oceanica
Expand the Evolutionary Breadth of Phytohormone Function]’
Plant J., 80(1), 52-68(2014).

Lin, B., Ahmed, F., Du, H., Li, Z., Yan, Y., Huang, Y., Cui, M.,
Yin, Y., Li, B., Wang, M., Meng, C. and Gao, Z., “Plant Growth
Regulators Promote Lipid and Carotenoid Accumulation in Chlo-
rella vulgaris; J. Appl. Phycol., 30, 1549-1561(2017).
Sivaramakrishnan, R. and Incharoensakdi, A., “Plant Hormone
Induced Enrichment of Chlorella sp. Omega-3 Fatty Acids]” Bio-
technol. Biofuels, 13(7), 1-14(2020).

Korean Chem. Eng. Res., Vol. 58, No. 4, November, 2020



