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Production of Medium-chain Fatty Acids in Brassica napus
by Biotechnology
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Medium-chain fatty acids (MCFA) are composed of 8-12 carbon atoms, and are found in coconut,
cuphea, and palm kernel oil. MCFA were introduced into clinical nutrition in the 1950s for dietary
treatment of malabsorption syndromes because of their rapid absorption and solubility. Recently,
MCFA have been applied to Gastrointestinal Permeation Enhancement Technology (GIPET), which
is one of the most important parts in drug delivery system in therapeutics. Therefore, to accumu-
late the MCFA in seed oil of rapeseed, much effort has been conducted by classical or molecular
breeding. Laurate can be successfully accumulated up to 60 mol% in the seed oil of rapeseed by
the expression of bay thioesterase (Uc FatB1) alone or crossed with a line over-expressing the coco-
nut lysophosphatidic acid acyltransferase (LPAAT) under the control of a napin seed-storage pro-
tein promoter. Also, caprylate and caprate were obtained 7 mol% and 29 mol%, respectively, from
plants over-expressing of the medium-chain specific thioesterase (Ch FatB2) alone or together with
the chain-length-specific condensing enzyme (Ch KASIV). Despite the success of some research in
utilizing parallel classical and molecular breeding to produce MCFA, commercially available seed
oils have ,for the most part, not been realized. Recent research in the field of developing MCFA-
enriched transgenic plants has established that there is no single rate-limiting step in the produc-
tion of the target fatty acids. The purpose of this article is to review some of the recent progress
in understanding the mechanism and regulation of MCFA production in seed oil of rapeseed.
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Table 1. The classification of the fatty acid

Saturated fatty acids Monounsaturated fatty acids Polyunsaturated fatty acids
Short-chain Lo L N
(C2~C6) acetic acid, butyric acid - -
Medium-chain fic acid, capric acid, lauric acid

(C8~C12) caprylic acid, capric acid, lauric ac -

Long-chain almitic acid. stearic acid palmitoleic acid, oleic acid, linoleic acid, linolenic acid,

(Above C14) p ? erucic acid, EPA, DHA

*Not present or rarely present in nature.
Table 2. Engineered fatty acids in transgenic oilseed rape by gene technology
Engineered fatty acid Targeting gene Gene source Max % Reference
Stearic (18:0) 18:0-A9-ACP-desaturase Canarium chweinfurthii 40 Liu et al., 2000
Oleic (18:1) 18:1-A12-desaturase Garcinia multiflora 89 Stoutjesdijk et al., 2000
Linoleic (18:2) 18:0-A12-desaturase Myrianthus arboreus 46 Liu et al., 2001
Ricinoleic (18:1-OH) 18:1-C12-hydroxylase Lesquerella gracilis 16 Broun et al., 1998
Caprylic (8:0) 8:0-ACP-thioesterase Cuphea painter 11 Dehesh et al., 1996
Capric (10:0) 10:0-ACP-thioesterase Cuphea lanceolata 27 Dehesh ef al., 2001
Lauric (12:0) 12:0-ACP-thioesterase Umbellularia alifornica 50-60 Voelker et al., 2001
. . . 18:2-A6-desaturase, .

v-linolenic (18:3) 18 1-A12-desaturase Borago pygmea 43 Liu et al., 2001
Erucic (22:1) KCS, 22:1-LPAAT Brassica napus 60 Han et al., 2001

Y F-(Coconut oil)l] HA| 7158HF 5 2+ 7+ 36%, 7% Z1g]
3 14%7) shEle] ok add] SR dEke] & F
o} 4(Genus)?] 7%, F-3H @R )01 SAIE N @B}
HEste] Aoz e FAgo] o H o Hirsinger 2
Knowles, 1984].

FAA RS B 4A] 28] B wol Aikelr] flsiA
SFEAES 1 B B LA st e, SR
o] 8 Fwdl I IV FEEle B
SHAIZE Aok RSFO] Be Al7te] AQEH, fAAo] Tk
FSHA] ol Fle] o] Ht), 1980 Hlollr] FHAF
o] HiE o]F {4 IHAE Hou} AlZ§ FFHo]
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o= A= e FAFECIY. ghbdeR AE2 At
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Ao A 248 ASAA YTH(Table 2). o] AFAIE
A Akt A Bojske Eall TS FU e A
AN AL, e FEAAS] oF o)lF @) &a B4 9

s Qoldl Zoleh mejHry,
= =

Thioesterase(TE) &4, XA AEZo|(EE i) |
EAW SEA3FE thioesterase(TE) Aol ojs] A4 ).
California bay(Umbellularia californica, 70% lauric acid)Z4-
B 283 acylACP TE(UcFatBl) +AAZ  of 714
(Arabidopsis thaliana)® A3 g+ A3 FAo|A Lauric

acid7} 25%71A] 8 E L [Voelker 5, 1992], 59 FHAE
Al HEAS & A Lauric acid7l 50%7H4 A== A
o] BAEATH Voelker 5, 1996]. o|AS AF7HA] A EEAS
FiropollA Td-fdAtel efal dojxl FAHge] A<l A4
AR 7R

TE= 24| BXxsAke 7142 MS8h= FatA typed} &
SIS AT El= FatB typeS 2 /¥l Uh(Fig. 1)[Jones 5,
1995]. TE F32k= SHAAY o] =2 Follof £(H)9
oy FEEPIA =] FA= FEAS HAck 22 o
714 Qofxl A FAATA o] TA FHAARe] S
$lollr] AFE Lauric acid R IR Hch 7390 uet
A FHeko] 5% mvo) A Topfer 5, 1995] == o4t
A 23 v Aol FAEIT [Jones 5, 1995]. A& &
H, A2 Caprylic acide} Capric acid) $HaFo] A 7|2
3Fe] 75%0l MNDEE Cuphea hookeriana®) 2 EA|oNA &
23 TE §-AKChFaBl)y= FAoA4 C16:0-ACPE 7|2 = o]
g3lo] A7H 0= Palmitic acid(C16:0) ko] ZH=QUTE =2
Y, C hookeriana®] FANA E2]E TE §HAHChFatB2,
an isozyme of ChFatB1)e] 739, fFalolA C8:0-ACP<}
C10:0-ACPe}e] 718501 veplon, dapxos g2
3 x| FA Caprylic acid (C8:0)2} Capric acid (C10:0)°]
AR NEEFe] 2 2+ 1% 27% 2= THDehesh &,
1996]. & T} Fuo} &(H)Pl &3= C. lanceolata|¥] £2]
gt TE F-A41 CIFaB3E 2% o 23, fA] A A
A 7S Sl C8:03F C10:00] 2+ ZF 1%} 3% =29 vt
W, T U2 TE §AA CFaB4S FAAS & 23,
Myristic acid(C14:0)2} Palmitic acid(C16:0)°] 2+ Z+ 7%<}
15% =2 AcHTopfer 5, 1995]. Voelker S[1997} S5
V- (Myristica fragrans)®y =5UF-(Ulmus americana)|x &
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Fig. 1. Simplified scheme of fatty acid biosynthesis in plants. Firstly, in the plastid, fatty acids are synthesized de novo as ACP thioesters. Upon
hydrolysis (FatA, FatB) of the latter, resulting ‘free’ fatty acids are able to cross the plastidial membrane into the cytoplasmic compartment, where
they are esterified with CoA, catalysed by acyl-CoA synthase (ACS). Secondly, these acyl-CoA can be further processed by phopholipid-dependent
desaturation and other modifications, or can be elongated with B-ketoacyl-CoA synthase (KCS) as rate-limiting enzyme. The final formation of TAG
can be attained either by stepwise acylation along the glycerol-3-phosphate route or by several acyl-CoA-independent pathways, such as the action
of CPT and PDAT (see table 3 for explanation of the abbreviations, Stoll et al., 2005)

)

23t TE A2 fAollA daAz] A, 72+ 7t oegst 2
SAHCI0-C18)0] W HARE 2ol e AL AFs}
A

A7 Harg A7ASE AV A olF ¢ TE /4
A2 fAfolM FAANAE W TE FAAE FAo SRk
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& AA7A Ll AEAN SHALE A 717 0]9]9
T2 A 427 dsAol #Asl] HEg A7) o]Foxof
st 707 AlgH).

B-Ketoacyl-ACP Synthases(KAS) /. A|%4ke] AlEAole]
Hos= E thE 84+ B-Ketoacyl-ACP Synthases(KAS)S.
2, o] 4% Acetyl-CoA == Acyl-ACP3 Malonyl-ACPS
HESAIA C4:0-ACPE AA3ar, o719 gha i8S 7k
71% C18:0-ACP A/doll #HgthFig. 1). KASE 7|AE5°|14
of m} 4TFE EFETH KAS 1= A4 A A A
A A2l Acetyl-CoA¥} Malonyl-ACP2] F540F-8 Znjjsl=
AW FEHA (Fatty acid synthase; FAS)Q] 7A@ 4ot} KAS T
£ C4:0-ACPIIA C16:0-ACP7}A 9] 7183} W3-8 =|HbAk
AREAolE dAsledl #dtl KAS Il C16:0-ACPOIIA
CI8:0-ACPe] #oId 21 o= Ui glovt opa7] wetsp
AR AUTE KAS Ve ZHAE 71860 sfigehs
C6:0-ACPIA C10:0-ACPL] BkAZo] 7ol #HedgitiDehesh
%, 1998; Dehesh, 2001]. Dehesh S[2001]& C. lanceolata®

Al 23 KAS I fAAE falolA #hddsie] Fatolx
Palmitic acid ¥d°] TU¥e Z21& #2383t Dehesh 5©]
WSk 1998 =0l &SP C. hookeriana®lX] E2]3F TE
fraztel KAS IV f37 sAl ddAZs o TE 42
T 5o g WAAZS Wi SR el HA 71E
9] 30-40%% =AEPYoH, o)} Al C. hookeriana I~
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Acyltransferase(AT) 4. 54 tellr e AP
Az A e}, A3XA(Endoplasmic reticulum; ER)IA]
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E(Triacylglycerol; TAGYS @A 3HHFig. 1). o] = ALk
-CoAZ2HE AFAAHERE 7y wlo] G3Pll Ad 7= &
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Table 3. Enzymes contributing to the microsomal channeling of acyl groups into triacylglycerols. The references given represent a selection

and do not include all publications dealing with the genes listed

Enzyme

Abbreviation Reference

Acyl-CoA:glycerol-3-phosphate acyltransferase
Acyl-CoA:lysophosphatidic acid acyltransferase
Acyl-CoA:diacylglycerol acyltransferase
Phospholipid:diacylglycerol acyltransferase
CDP-choline: diacylglycerol choline phosphotransferase

G3PAT Zheng and Zou, 2001

LPAAT Brown et al., 1994

DAGAT Zou et al., 1999; Lardizabal et al., 2001
PDAT Dalqyvist et al., 2000

CPT Nishida et al., 1996

Table 4. The relative amount of caprylate (8:0), caprate (10:0) and laurate (12:0) in various lipids from developing and mature transgenic

rape seed of the LL-line and CC-line [Wiberg et al., 1997; 2000]

Relative distribution in lipids (mol%)

Rape seed line Developmental stage

Acyl group TAG DAG PC

LL-line Mid 12:0 44 36.4 32.1
Mature 12:0 55 359 3.7

CC-line Mid 8:0 5.6 1.4 0.5
10:0 224 13.1 12.3

12:0 29 3.1 3.0

Mature 8:0 5.0 2.8 0.3

10:0 224 152 1.3

12:0 4.1 8.0 2.0

21717} A% LPA(Lysophosphatidic acid)’t 3/d%32, LPAAT
o 23] LPAo FHA o717} ZAgE PA(Phosphatidic acid)
7} 49 TAGE 3843171 938141 PAP(Phosphatidic acid
phosphatase)®ll ]3] PAS] <l(phosphate)°] A AHE DAG
(Diacylglycerol)7} THEoIXIH, DAGATY ] <Js] TAGZ} AA=
THVoelker?} Kinney, 2001]. #< TAG ¥Adoll Acyl-CoA7}
HofstA] e e 713 g ArA#r BRaEdh
[Dahlqvist 5, 2000; Stdhl 5, 2004]. ©] 7]=fell= = YA
o #dsk= CPTo <3 DAGS] AlMA|(sn-3)ell Choline®] A
¥ PC7L REEo)ITt. o] w, PDATO] CJal PCe] A (sn-
2) o}2717F DAGE] AlA (sn-3)0] AgtEle] Az og LPC
<} TAG7} @3¢t

SkollA AH3t Lauric acid 3ol FA] S71H A 7159
TAGS 48 23, SeAEe] 204 (sn-1)2F AlHA (sn-3)°1
A9 Lauric acid7} A= AL, FHA (sn-2)0ll= Lauric
acid7} & ZAg=o] UA LUTH Voelker 5, 1996]. LA
FEAES] FHA A Bojel= LPAATE 71850)gdo] nf
T =or, T2 718U AWAF 244 S A VA= &
A2 EEQIT) o)A IFRIA Kelek LPAATYS TE
A2 UcFatBlyH @248 Aol 7o Jadehs 4
Algk A3}, TE AT d5o2 waE sjA|olAe] Lauric
acid 3ol 14-31%1 Whd, = 7§9] 27t SAld wde

3) AHARAE-TE 93] ACP7} Holx] Ui ARG f71skete
-2 F=A) gol] EA31= Acyl-CoA Synthase(ACS)ol 28l A4
ZF-CoAZ HEz|o] NEAZ o|F

4) Acyltransferaset= ol X= b
2y %3S Fa

5) DAGATE= 4] A8 A Ao o

6) ZFH] 7129 TAGE ZYHE FHA(sn-2)0) lauric acid’} 2
Felo] A&

w2 e FITSIAAL, A (R

ey

WA2] Lauric acid $Fo] 50-54%7K4] SUlE 7472 ¢
Z = THKuntzon &, 1999].

TAG 4ol #Aodsl= &= spte] F83F 4% PDATVE &
A& TH(Fig. 1)[Drexler &, 2003]. PDATe] 2J&l PC7} TAGS}
LPCS et &eiA] Qlth i 45 B 3] F2A3A)
LL-line FAMI& = wet PCol A@E o] = Lauric acid
o] gl & Aol7t Atk A FAATA CC-line S2A
WAE F S LL-dinedl] B3l A3 HoxA|vE pColl AF
H Capric acide= LL-line?] Lauric acide} H]5:gh 73S Ho|

= WHA, Caprylic acid®] 7% PColl AL A= JA %=
ZoR HRlth 9, DAGO ZAdE AN Exes

HH T sEe & GRS v Ra gl fAEe
AoZ HAYh AF7HA e A743E THAEH, 1 FH
23| A} 71890= Caprylic acid®} Lauric acid’} 23 %
AAAA(TAGS DAG)Z PC7F EA15= W Capric acide= 7
9] EAsHA] &= Ao® HAZIY) 283 Lauric acid’} 22
AlZe] AA (sn-1)2k A (sn-3) H#ERE o2} LPAAT®] €]
) FEAE FHA(sn-2)0] AFEE whE, Caprylic acide}
Capric acide= SEAES] AlA (sn-3)ARE A oR]= A
o] WALJTHWiberg 5, 2000]. WebA] 2] 2 2] &
Aol FHAAE S FAIZIZ] $18iA i) Cuphea €]
TAG 34 712 #osh= ATS w28k Al 2 7+ 34
Ag g F, SHAW FH50] F2 ATE Adsie]
SEol o3k o R 5 FE5S S8 J2da i) &
ANE E3E Brassicattell &k o FAAA ol A
Wk Akso]l st AlES Adele] fAleke] wsES
Bl SEAE SARAER] detEe] Sx1E ASS §4
sk WS Wallste] FgoP gk SRR A &
ANE AN F US A= 7.
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3o

4 4 o] W X2 wEF 7P dE] o]&%+= Napin
AR WA 7] ek 25~45 DAF(Days after flowering)ol
SFECE fA SAW A 23 A AVIE AR A
3}, Palmitate(16:0)2] 7%~ 10~15DAFIA 2F 16.6 mol%7HA]
AArETzE 2o HA} ZHAste] 9 Adset FAA of
3mol%’t FXHEL & = U H(Data not shown). WA
A TN FHARA FFS SHAITIZ] fIgE AdEr
o] dsto g FA 27| Ho] Id ZIZREIE o]gsle 2
APk A A fARke] dAAE 2EEke AR
8 & whsirhal AbEETh

T gE Ao Re o @) SR AL &
A vAdg ThlE (Premature protein)©] 3 FAY FEA o
o= 2ol F U=E FA JFA Ald SEte]=(Signal
Peptide; SPYE F-2PA17]= Wijtolth. A4k tials |54 <F
ol A ZE™ Oleate(18:1)°] ¥ Z XA (Endoplasmic
reticulum)= ‘go7F AL AR Aol7t SE AV o)A
o] F7F=AA BESIET}t FoAl k. HEA Ald e
o]|=Z o =3} ChloroP  1.1(http://www.cbs.dtu.dk/services/
ChloroP) ZZ 738 o]g3] F(EyF SPY 142 A”s 4
e A, w0 Fo] AHEATE S & UTHData
not shown). WEbA Q) FdE) Fal FAAELE = T
o] CPE A fEl ¥=A CPE At 725 4y
Ao Al 715s WA AAHoE FHART 3
A T dE Fe=E 7|giEnt

o] Qolx x| FA EAlSh= FaB WA o] &
A5old Wst =5 S8l opr|=Ar WA, ofr|Al

7

W FEE g A v B 2t 98

L

et}

= =5

SHARLS Tt 8-IvNE A ESRte R A
A g AW ST WEaL Ee7t ] dojut A
Aoz FHEA| oA dago] mob APyl 2
olaRiel] o]-gHT) HE HZ ogitoke] RIFIYTIE
AR B FHAA FEEde] AREEM, o] Ted
HHG FEHAGA|ZE Fofo] wlg- F83M AE=IL QU
oY G8THAI7F T2 SAHAY 752 ofddiFER] A=
9, 2Eal FEop AN FE ke =, 7189
ol AL Au7F 7ITES] DA o8] ofEgol Stk o]
2k o-FrE Aol WAL Azt goldk Fafe] FAtellA
SHAGAE AL S SUiAI7I7] e L B9t B
A7t FREo] ek AF7A] W SRR Aatel
oehz k= FA Thioesterase(R"A AKE Zel), KAS(H]
WA AVE A3, 2830 Acyltransferase(R WA Aoz LA
ATk o3 FAAE BE T FA0) Al F2AS 3
T, o7lollA Lozl FAAZA ATE o83t IHEFH
EASES] WS Bl fA T FAEAR] Laurate
o]l 60 mol%7HA A== AoE AUTh. B8k Caprylate

2} CapratedF2 7 2+ 8mol%t 27 mol%7FA] 4 =i,
HIS 3 SAplA] G5 SaAete] Aite] daaos A
AEE ARE QAT IR AA dPHoE olgstH
SHAAL FHeFo] B Bol AikE|ojo} gt

B FAAME A7 A S HellA FajAte] A
A AFAIE WIS AEgta, g Akl dis) 7k
eFepAl =33t

Key words: 53|, =Rk E2AE0| L2 HE]
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B RS 0104E $EAFY FPsgdeilel Nnng
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