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Comparative study of corrosion inhibition of aluminum in acidic and neutral

chloride media by some amino acids?
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1. Potentiodynamic polarization (Pd)
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Figure 1. Potentiodynamic polarization curves for the aluminum electrode in deaerated 0.5M HCI

solution containing various concentration of methionine at a scan rate of 1 mV/sec.
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Figure 2. Potentiodynamic polarization curves for the aluminum electrode in deaerated 0.5M HCI

solution containing various concentration of histidine at a scan rate of 1 mV/sec.
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Figure 3. Potentiodynamic polarization curves for the aluminum electrode in deaerated 0.5M NacCl

solution containing various concentration of methionine at a scan rate of 1 mV/sec
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Figure 4. Potentiodynamic polarization curves for the aluminum electrode in deaerated 0.5M NacCl

solution containing various concentration of histidine at a scan rate of 1 mV/sec
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K= 6/{C(1-0)} 3
(€/0)=(1/K)+C 4)
(€/6) = (n/K) + nC (5)
(6)

K= {1/Csolv}exp{_AGOads/RT}

A Abelel AAZE Qo] o

AGags 361 <20 kJ/mol Rt} & Ao dgxdy 248
physisoprtion®] dojuhil, -40ki/mole H.th 2h5 7-5-ol = w91 AT o] & chemisorptiono] ot

thar oA glehs89.10
= repulsive force 7} 28 ¢ glom o] A%

Z Ba}E Alolo A& attractive force &

o

Temkin®] logarithmic isotherm 2](7) ©] % &t}

6 = (RT/r) In(KaC) = (1/H)In(KC) )

= e dEAES YeERE AR, 001 2 FAFLte] attractive

(M2 A f=r/RT =

force 7}, <0 uwl = repulsive force 7} %]

=}
A

el
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Table 1. Corrosion parameters for different concentration of methionine and histidine in 0.5M HCI solution

Methionine Histidine
[Inh], M Icor wA/em?  Ecor, Vo 1E, % | Icor wA/em?  Ecor, V. 1E, %
0 270.6 -0.867 0 270.6 -0.867 0

106 194.1 -0.897 28.25
105 165.7 -0.918 38.75 84.4 -0.868 68.741
10~ 163.6 -0.908 39.53 58.4 -0.881 78.37
1073 122.5 -0.920 54,74 47.1 -0.896  82.556
1072 48.5 -0.899  82.037

Table 2. Corrosion parameters for different concentration of methionine and histidine in 0.5M NaCl solution

Methionine Histidine

[Inh], M Icor, wA/em?  Ecor, Vo IE, % | Igor wA/em?  Ecor, Vo IE, %

0 10.5 -1.195 0 10.5 -1.195 0
107¢ 6.1 -1.210 42.00 191 -1.148 81.81
1075 4.1 -1.194 60.14 1.49 -1.250 83.33
107 2.9 -1.242 72.04 1.58 -1.257 85.81
1073 3.7 -1.271 64.38 3.27 -1.251 87.52
1072 5.69 -1.272 84.95
Methionine2] 73-$-: Mete] 4% pHoll W& =& XA (Fig 5)& A KWW HClA 2] F3}8t5

Fig. 6-1, NaCloll 4 2] =+ 3}st52 Fig. 6-22 A3t FF2o Fei7F A= t27] wol 53
eiol dhall HjaE s & A

oft
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Fractional composition diagrams of Methionine I

Fraction of composition

Figure 5. Fractional composition diagrams of methionine against the pH of solution.
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Figure 6. Major species of methionine in HCI(1), NaCl(2)
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Figure 7. Curve fitting of methionine adsorption on aluminum by Langmuir isotherm in deaerated 0.5M

HCI solution
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0.008

Al in 0.5 M NaCl(containing Met), deaerated I

0.006 -

0.004

[Met]/o

¢/0 = 1.44C + 2.89x10°, R’=0.999
K,,, = 4.98x10°

AG’,, = -36.7 kd/mol

0.002

0.000 . 1 . L .
0.000 0.002 0.004 0.006

[Met], M

Figure 8. Curve fitting of methionine adsorption on aluminum by Langmuir isotherm in deaerated 0.5M
NaCl Solution

Histidine®] 749~ : Histidinee] pHel & F&3 5 3}stE-S Fig. 99 100 YERSIT

Fractional composition diagrams of Histidine I

Fraction of composition
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Figure 9. Fractional composition diagrams of methionine against the pH of solution.
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Figure 10. Major species of histidine in HCI(1), NaCl(2)

Fig. 99 2]at® HCl ¥} NaCl &dolA F= &A= Hisel 7%+ Z+2t Fig. 10-13F 10-29
2E Aow 7Y, wpEkA HCl 8do A= heterocycled] L& (=NH)2] lone pairel n-#=2}71 Al
o], Z12]3 NaCl & No| 4= heterocycleo] U= F 702 lone pair &} n-AA7F Al wji$1€ 4 3l
= Zo|th Table 13} Table 2¢4] NaCl §°¢] 4% F2H&o] 1 w2 A2 ol dAsh= Aol
th HCI ol A His7} £3¥ {0 79~ Langmuir isothermS 2 -83to] A8 Fig. 113 7t} o
A% 7127]7F 1.0914 Blojy= 2 modified Langmuir isotherm= 2483} AG 4 = —37.7k]/mol

ds & F A=, AG 4 7F -40kimol ol THE ghe 2t A e® Hol o] Ag FERAAS

-

chemisorption ©] dojui= Ao =2 ol& Fall A L3t heterocycle © 3= (=NH)<] lone paire} -
Axpel wjelo] o F2RUS & F AUk
NaCl &<4°] 7% His®] %7} 10* M ©o]&te] W& w9 Fig. 129 #o] Langmuir

isotherme] & A &= A0}, 104 M o]/de] 5ol A coverage 7} 0.85 o]to] o] F2rg Ak

1o

of A< repulsive force?] FaFo = Fig. 137} o] Temkine] logarithmic isotherm ©] 2 -&= At}
Langmuir isotherm (Fig. 12 Z)o] H&¥ & W FEolA AG .9 = —48.7Kk]/mol & LA A7
gk vkel o] His Ak o] 2719 Nell = H] & dxpge] s Aol ©lg chemisorptions 2
2 FAET} Temkin isothermo] X-8% = Fig. 133 o] 0>0.859 =2 s oA A3
vel ol YPAA GFor FFo] ofHY AEE K=0557, ¥ A AUA AG .4 =

—8.5kJ/mol, f=-10 ©] 1t}
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Figure 11. Curve fitting of histidine adsorption on aluminum by Langmuir isotherm in deaerated 0.5M
HCI Solution
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Figure 12. Curve fitting of histidine adsorption on aluminum by Langmuir isotherm in deaerted 0.5M
NaCl Solution



&3}, At 32
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Figure 13. Curve fitting of histidine adsorption on aluminum by Temkin isotherm in deaerted 0.5M NacCl

Solution
a4
Cl7} 23839 &Me] HCIl, NaCl &0l 4] methionine®} histidine2 Ale] F2] A4 §3& Holx
O]‘g_u::l,

1. Methionine> HCIE 97} NaCl &< F5Fo A a9 side chain 2] (-S-)oll &= wlAF AA7t
Al w9 E = 3EEas dovm F3F EAE Abeld AsAgo] A9 gl Langmuir
adsorption isotherm o] w& F=ho] Jojif,
2. Histidine2 HCI &9 A Ex 9] side chain®] Noll 91+ lone pair electronol] 2]3] 3}8} S-S
do7IH, NaCl &A= 10* M olst F=elA wifAF e & s dorH,
Langmuir isotherm w2} o] dojun 104M o] wxolA Al T FZ3E Clo] ofn|=Ako)
zwitter ion 9] SFEF o AH7|A 2 oJF Ev FHS o, F2F EAE A AR

ZE74) &= Temkin adsorption isotherm o whg} &2o] doji}= Ao 7 Wl
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MR ohEal 919 Belg 98 nuR Ay A2y AR
% = A, B

gl A orthogonal suppressor tRNA ¢} aminoacyl-tRNA synthetase(ARS)E &85+
gd el B HHA opu =S YUstE Zleel MLHRUT olE AFFH o HEY] HF)
suppressor tRNA 91 tRNAM | tnfMT2:A71/T35A36/G72 (fMam tRNA)S} Saccharomyces
cerevisiea TyrRS & 37 &dse ZTxu= HEHe bBAA ofnieat QYL AT F JY&
By #WE pGSTam & AT Ha8A¢1 GMML #iA|o[A] amber suppression 5o &
glutathione S transferase (GST)¢ 2dL& &+ ¥ DHI0B Kt} BL21 oA & JElsith. BL21
oA HlAA opv Al o-methyl-L-tyrosine & 21$Y3t= ARS o ¢]3] amber suppression ©]
H9E o GST 7 #dHE A& SDS-PAGE #4& §she] <1353l

A, EF TEE IFEE AXEANA £F9 endogenous tRNA/ARS <
o= kS WA @k orthogonal suppressor tRNA ¢} aminoacyl-tRNA
synthetase (ARS) #o] Alg3lo] whul o] EAQx|d A2 2875 7[A 1
Ue HH-A opbnAbs AAYste Tlso] JHEHAT (1), 53] ool A
aojute Elol (Archeae) Methanococcus jannaschii (Mj) TyrRS/tRNATYT #g&-
w9 &34 <l orthogonal #o 2 &g&xo] 30 oF o]Ae v HA ofu| =S
M5 7Eo] Y (2-5). & tE orthogonal suppressor tRNA/ARS
H O 5 Saccharomyces cerevisiea (Sc) TyrRS ¢+ E. coli 9 initiator tRNA =

WMol g t(RNAM | trnfMT2:A71/T35A56/G72 (£Mam tRNA) o] &7}
sttt (6). F-2l= 944 Se TyrRS #telBejelE AAsiglen (7), 4 #H

Do wEe 20128Pd % RS Folthsal S TH] A o] okl o] Foin A4,
2 garslatolulsha Ak etiet AW F et
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SAAAE A 28-S Fgste] v HA oln| =4t o-Methyl-L-tyrosine(MeTyr)<

FYeHE TyrRS EAWelE @Atk S8 MeTyrRS o @ud U

73l 2 Oligonucleotides

£ el AHg® ui%st DH5 -, DHI10B, BL21%E LB 94 &2 13wl
A ajekatdtt. Se TyrRS 2@ W E pKK-TyrRS+= ampicilin A4 AR,
Mam tRNA ZEWE pACamGE tetracycline A4 FAXE 71x 11 glon,
o5 W7 FAASE g w#e] 100 pg/ml ampicillin ¥ 25 pg/ml
tetracyclines #7185t AF8% oligonucleotides® HEo] @ U o)A} (3hH=)ol A

T A ZsElth (Table 1).

pACamG-TyrRS ¥¢ A&

el mlHA opuAke] Y-S @]yl 98] MMamtRNASE Sc
TyrRS¢} MeTyrRSE & stE #WE pACamG-TyrRS, pACamG-MeTyrRS(1),
pACamG-MeTyrRS(2)E A3ttt MMamtRNA®H ARSE 7 wdsts ¥y
2 AFe7] Y&l CATamber FA2d MamtRNAZS F& 5= pACamG W E
& Pstl = A& §, T4 DNA polymeraseE A 3}] blunt endE WHEUTh T4
DNA ligaseE A #|3}o] self-ligations F33sle] DHb5ool HAH3ste] Pst/

site7b A% cloned AHESFH T pQE30L.ZHE lac promoter®} multiple
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cloning site (MCS)E PQE-F¢ PQE-R primersE& ©]&3sle] PCRE ZZ35}9
Puvl/Xmnls ©]&3Fo] Pst/ site7} AAE pACamG o E=YstAth =d#
MCS®|  Sacl/Pstls  °o]&3te] PCRZ F%g wt TyrRS, MeTyrRS(1),
MeTyrRS(2) 74 A= subcloning 3} pACamG-TyrRS, pACamG-
MeTyrRS(1), pACamG-MeTyrRS(2)E 7+7} A 2}&} 3t

pGSTam = E| A%}

il o] Bl A opm gk AFdS Fletr] flg B #HE A S 9
3] pGEX-4T3E o]&3}9 Glutathione S Transferase (GST) & x}¢] 57H %
71 site-directed mutagenesis HE ©o]&3}lo] amber codono 2 X3} T},
EdHolE 3 AF€% primers, GSTam-F¢ GSTam-Re] &L Table 19l
o™ site—directed mutagenesiss QuickChange site—directed mutagenesis
kit (Promega)E AF&3}o] A ZAL WHo o8] =33ttt 5790 Z+7]9] amber
codon A9 A7IMIEA S Fa FAsitt. dMARYE 9kl GST #4
A C-Ete] 670 His &7]1& taggingst’] $3] 4 6709 His 715 4353}
st A7 ELE zt= 2719 AR AQ] oligonucleotidesE A8l 6xHis—F
o} -RE& 2 molar ratioZ &8t 85T 7bA] 7FEd &, 1AIZbel| AA A2
P4 A8 WA T GSTam F8 A4S 7F pGEX-4T3%E EcoRF}y Notl:
o] &3}l annealing® DNA &#H-E subcloningdt®] pGSTam #EHE A 26t

o},

GSTam f3Ae] F@F 2 vHE ofv| At FEQl

pGSTam ®E|7} amber suppression 5o uzgl 3 FH = A=ES #2357
13l DH10B®F BL21 w5o JAdssiditt. 28-S LBulAelA wieFs
F, IPTGZ 3A1ZF 37CellA] inductiond ¥, 1 mle] AXE dAE=Z AHsH
Atk AlEZe] 100ul SDS-PAGE sample loading bufferS Y¥il 103t 7} 38l
AEES 333ka 30 plE 12% SDS-PAGE AolA H719538te] AMste] B2
shitE. HIHA opmgbe] QIS &<l pGSTam¥  pACamG-TyrRS,
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pACamG-MeTyrRS(1), =X pACamG-MeTyrRS(2)E &7/ F&@AAs3 F 1
mM MeTyr7} AW ¢l GMML wj A oA GSTam FAAE IPTG induction
Zo] GST A4 %5 SDS-PAGE WH & o] &351o] g¢lstglt).

Table 1. Nucleotide sequences of primers that were used for plasmid construction

Primers Nucleotide Sequences
FOE-F LY —CATTACGATCCAAAT CATAAARAATTTATTTGCTT T GT GASC 37
EFQE-F 5 —ECTCCTGARAAAT CTCECCAAGCTAGC -3
JE- 1N LY —CATTAGAGCTCATETCCTCTGCT GCCACGGTT GACCC-37  (Sacl)
JE-Z2N LY —AAARACTGCAGTTACARTTEGGTTTCCTCTAG-3 (Petl)
fxHis-F LY —AATTCCCATCACCATCACCAT CACTAA-3" (EcoRI)
fxHis-R 5 -GEECCTTAGT GATGETGAT GET GATGE-37  (NotI)
=8Tan—F 57 —GAATTGGET TT GEASTAGCCCAATCTTCCOTT- 37
GETan—R 5 -ARCEAAGAT TEEECTACT CCARACCCAATTC-3F
Az W 1F

pACamG-TyrRS ¥g A2

MamtRNASH ARSE 7 L8 at= WEHE A=s7] $18) CATamber 312}
o} MamtRNAE Hd3l= pACamG ®Eo| pQE30SZH-E lac promotere}
multiple cloning site (MCS)E PCRZ #Zs3slo Z=¢st¥ o, =% MCS9
Sacl/Pstls o] &3te] PCR®Z Z%3 wt TyrRS, MeTyrRS(1), MeTyrRS(2) +r
AAE  cloning 3t pACamG-TyrRS, pACamG-MeTyrRS(1), pACamG-
MeTyrRS(2)E Z+7z} A ZstFth (Fig.1l). pACamGollA] Pst siteE A HFH
L Az Aot Zo]l AAG T, FHFEORFYH Zgavsg FHste] Psi
digestion 38 Ay} Yo pACamG oy FAFELS ZEA &9
t} (Fig. 1B). pQE309] lac promoter?} MCSE PCRZ F%E3}l% 2w (panel C),

o]Z Pst site’} AAE pACamGol =43 & FHFES =7 colony PCRS
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23] lac promoter-MCS9 subclonings #1395t (panel D). o 7|9 wt
TyrRS, MeTyrRS(1), MeTyrRS(2) F+%AE PCRZ F%3to] (panel E)
Sacl/Pstl& o] &3} cloning 3ttt A FES AH3Et] colony PCRES =4
insert?] A4S 215kt (panel F).
A i

Neot Poutt ¥pat
/ Hindill

CmR{ Amber27th) poutf 2ot

PACamG- MCS plasmid
pst1 removal
5100 bp

Fig. 1. MamtRNA$ ARSE 37 2d3t= pACamG-ARS ¥EH Az (A)
pACamG-ARS W¥ A% (B) pACamGellAl Pst/ site #AA 2l lane 1:
pPACamG uncut, 2: pACamG-APstl uncut, 3: pACamG Pstl cut, 4: pACamG-A
Pstl Pstl cut. (C) pACamG Puvl/Xmnl cut (lanel)®} lac promoter-MCS PCR
AHE (lane?2). (D) insert PCRE %3} lac promoter—MCS cloning #¢l. lane 1,2:
271¢] A9 clones, lane 3: pACamG. (E) pACamG-MCS (lane 1) ¥ wt TyrRS,
MeTyrRS(1), MeTyrRS(2) +3#+2] PCR AHE (lane 2, 3, 4). TyrRS PCRel At
4% primer 7|4 do] FAIH 5. (F) insert PCRS &3 pACamG-ARS

Z& #9l. lane 1,2: pACamG-TyrRS %UAEE 1,2, lane 3,4: pACamG-
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MeTyrRS(1) UAZFE 1,2, lane 5~8: pACamG-MeTyrRS(2) UAHZFE 1~4,
lane 9: pACamG-MCS, lane 10: pKK-TyrRS

pGSTam HEAZ € IddHAA

Bazp WA S 98] pGEX-4T3E o]&3te] GST Fxzte] 57H A&
site-directed mutagenesis WHE ©]&3] amber codono= X F 3} o,
A7IME BEAS T o= QIS TE. Amber suppressiond] 9Jd] wE =
GST "9l AdEgE 95t GST FH-A C-¥to 67] His 7]E encoding s}
= oligonucleotideE A&t complementary strandsE annealing 3+ 3,
pGEX-4T3 MCS®] EcoRI/NotFs ©1-83te] cloning 8te] pGSTam #HE A4
st FAFE e FRHoer FE GST §4# 57 7)ol amber
codong 97 9&] AZH primeret 6xHisE coding 3= primers &-83}o]

colony PCRE 483} cloning o5& #2189t} (Fig 3B).

A

Schematic design for oligo cloning :

S S W GST(VECTOR) ‘
/ oo ) L&
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Fig. 2. pGSTam #& Az (A) pGEX-4T3°| 6xHisS A¥37] $13F cloning
A%, (B) insert PCRel 2|3 6xHis cloning 22l. lane 1: pGEX-4T3, lane
2~51 4708 FHEE.

GMML #j#|ol A pGSTam ¢ GST @do] Az Yeh}x] FexES g9
7] 918 pGEX-4T3 (wtGST)¢} pGSTamS Zztzt DH10B $€F BL21 o J 2%
gt &, GMML wjx]eA] IPTG induction {5l w& GST ¥d FFE SDS-
PAGE #4107 ZAlalglth. 1 A3 DHIOB olAE pGEX-4T3 (wtGST)%E o
o] HA @ekon BL21¢ A$-+E IPTG induction A pGEX-4T3 (wtGST)qt
W 3 pGSTam L& ¥ A & Ao Hol BL21 straing o]-&3fo] vy
A el BlHA opregl Q%S FT S AoE AHAT (Fig. 3A).

=
ol
20

pGSTam & ©]&3 HH opr|dt Abgiakel s 9fa) b AE3 MeTyrRS
7 o-MeTyrs w9 el Aslshs A& Fsoich. BL21  thatol
pGSTam¥ pACamG-MeTyrRS(1) T+ pACamG-MeTyrRS(2)E &4 32 A
33k 5 o-MeTyr7F AW $l= GMML #jA| oA GSTam FAAE PTG
induction % GST A4t FFE SDS-PAGE WHS o]&3sle] &Qlsy}, 1
A3} 2709 MeTyrRS 28 E57F o-MeTyro]l & wowh GST @d s A
2bskAdth (Fig 3B). old 2352 pGSTam Rzl WE 7} thekgh v ofv]

wake] Q191 elai] B8E 4+ A vhEih
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A
DH10B BL21
Gstiwt) Gstiam) Gst{wt) Gst{am)
we Mo @lo ol o wlowl e B
170 — e 2
1307 vy o O-MeT: ( |
100 _ == f-‘ - gl L
70— | W - | ot W B
55— «
40
35 __
— GSTam

L S ae SRR RS G
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Fig. 3. SDS-PAGE #4& o] &3 GST #d &<l. (A) GMML ® Ao A] amber
suppression®] ]3¢k GST 2dAEE 93k strain #HAE (B) GMML HiA] el
o-MeTyr fr¥ol W& GST ¢4,
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