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SEPARATION TECHNOLOGY

HPLC DATA SHEET

Tips for optimization of peptides and proteins separation

R150610AE

Effect of column temperature on separation of peptides and proteins

Condition A

21.8-25.8 Mpa
(3,160-3,740 psi

)

Peak capacity = 230

mAdj

15.8-18.5 Mpa
(2,290-2,680 psi)

70°C

Condition B Peak width 1/2(min)
Analytes MW 70°C | =
Condition A
37.0-37.5Mpa Peak ity = 67
(5,370-5,440 psi) eak capacity = 1. Oxytocin 1,007 0.017 0.014
1 5 2. Leu-Enkephalin 556 0.015 0.015
3 3. B-Endorphin 3,465 - 0.016
4. Insulin 5,733 - 0.015
5. B-Lactoglobulin A 18,400 0.043 0.030
Condition B
1. Lysozyme 14,300 0.069 0.044
05 1.0 15 20 25 3.0 35 40 min?
Peak capacity = 107 2. a-Chymotrypsinogen 25,700 0.080 0.049
1 3. B-Lactoglobulin A 18,400 0.080 0.048

27.4-28.4Mpa
(3,970-4,120 psi)

and 70°C are compared.

00

05

Column 1 YMC-Triart C18 (1.9 pm, 120 A), 50 X 2.0 mml.D.
Eluent : A) water/TFA (100/0.1)

B) acetonitrile/TFA (100/0.1) — condition A

B) acetonitrile/2-propanol/TFA (50/50/0.1) — condition B
Gradient :10-80%B (0-5 min) — condition A

30-60%B (0-5 min) — condition B
Flow rate :0.4 mL/min
Detection :UVat220 nm

The effect of temperature on separation of peptides and proteins with a variety of molecular weight (MW) is estimated. The separations at 40°C

By increasing column temperature to 70°C, selectivity change is observed, and peaks become sharper. Thus, improved resolution especially for

larger molecules is obtained. Generally, larger molecules diffuse very slowly compared to small molecules. An elevated temperature can
improve efficiency and peak shape by lowering mobile phase viscosity and improving mass transfer.

Temperature is a simple and effective tool to increase resolution in separation of proteins and peptides.

Improvement of resolution by increasing column temperature and coupling of 1.9 pum columns

o, mAU
40°C "
1.9 gm 100 X 2.0 mml.D.

15 min gradient
46.5-48.5 MPa (6,740-7,030 psi)

U

20

10

o

.J*]

Peak capacity : 365

(P110705A)
2

min

B 23% more peaks can be resolved by
increasing the column temperature to 70°C in
the separation of tryptic digest of
Hemoglobin.

The outstanding efficiency obtained by a

mAU

70°C

1.9 #m 100 X 2.0 mml.D.
15 min gradient
27.6-28.6 MPa (4,000-4150 psi)

30

Peak capacity : 450

25mAy

- 4

I J ' 9.4 9.8 102 10.6min

coupling of two 100 mm length of Triart 1.9
um columns reduces co-elution peaks and
allows the precise separation in an analysis
of complicated samples, such as peptide

10 .
mapping.
o —J] (P110728A)
0 2 4 6 8 10 12 14 15 min
Y Peak capacity : 630 25mAY Column - YMC-Triart C18 (1.9 um, 120 A)

Two coupled Eluent : A) water/TFA (100/0.1)
1.9 4m 100 X 2.0 mml.D. _d B) acetonitrile/TFA (100/0.08)
30 min gradient 20 5-40%B (0-15 min) for a single column
58.1-61.6 MPa (8,430-8,930psi) 5-40%B (0-30 min) for two coupled columns

10 19 20 2 min Flow rate :0.4 mU/min

Detection :UV at 220 nm
0 (P110707A) Sample : Tryptic digest of Bovine Hemoglobin
0 4 8 12 16 20 24 28 30 min
. . o,
Durability in pH 1 (1% TFA), 70°C
120%
©
£ 1009 -~ =
5 Test conditions E YMC-Triart C18, which offers excellent durability
= 80%[ Column 5 pm, 50 X 2.0 mmiID.
% . Eluent - acetonitrile/water (60/40) even under elevated temperature and low-pH
= 60%r YMC-Triart C18 Flowrate 0.2 mL/min conditions, is effective for the separation of
= Temperature :37°C . .
b= s eptides and proteins.
E 40% Sample : butyl benzoate pep p
S oout Silica based C18
> 0 Hvbrid-silica b dcis The columns are kept in acetonitrile/water/TFA
N yprid-stlica based &1 ‘ | (10/90/1, pH 1) at 70°C, and tested for
o OO 20 40 60 80 100 performance every 20 houres
Time (hr)
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Analytical Data

V=R AU = B S22 |

L-Isoleucine, L-Leucine and L-Valine granules U120210A

Standard solution
(1.10 mg/mL L-Valine, 0.92 mg/mL L-Isoleucine, 1.84 mg/mL L-Leucine)

mAU 7

E 1 3
150 A
] 2 1.L-Valine
100 2. L-Isoleucine
E 3.L-Leucine
50 1 \
: L
0 2 4 6  min
System
suitability result
requirement
Resolution (2, 3) 215 2.68
Relative standard deviation 1 0.02%
of the retention time <1.0% 2 0.02%
(each of the peaks) 3 0.02%
Column : YMC-Triart C18 (3 pm, 12 nm)
150 X 4.6 mml.D.
Eluent : phosphate buffer (pH 2.8)*/acetonitrile (97/3)

*1 Dissolve 31.2 g of NaH,PO, -2H,0 in 1000 mL
of water and adjust pH 2.8 with H;PO,

Flow rate : 0.9 mL/min (adjust the flow rate so that the
retention time of L-Valine is about 2.5 min)

Temperature . 40°C

Detection : UV at 210 nm

Injection 120 pL

(The Japanese Pharmacopoeia 16th; Identification)

TI/B

Amin i
@ G F130618A

PA)

500

Phenylalanine (Phe)
Tryptophan (Trp)
Leucine (Leu)
Isoleucine (lle)
Methionine (Met)
Tyrosine (Tyr)

S
.
[ —

400;

Proline (Pro)

Threonine (Thr)
--------------------------- Alanine (Ala)

-~ y-Aminobutyric acid (GABA)
-~ Serine (Ser)

~= Glycine (Gly)

- —~=-- Glutamine (GIn)

P L L LR Histidine (His)

----- —~~- Aspartic acid (Asp)
Arginine HCI (Arg)
Lysine (Lys)
Ornithine HCI (Orn)

00 20 40 60 80 100 120 140 160 180 min

* Chloride ion contained in the sample solution
** Sodium ion contained in the sample solution

Column : YMC-Triart Diol-HILIC (5 ym, 12 nm)
150 X 4.6 mml.D.
Eluent : A) 100 MM HCOOH-HCOONH, (pH 3.6)

B) acetonitrile
83-80%B (0-12 min), 80-68%B (12-20 min)

Flow rate : 1.0 mL/min

Temperature 1 40°C

Detection : Corona® CAD® (Charged Aerosol Detector)
Injection 110 pL (0.1 mg/mL)

* Corona and CAD are trademarks of Thermo Fisher Scientific.

TS/B

Amino acids
A000419B
P 1. L-Valine
2. L-Tyrosine
3. L-Phenylalanine
1 4 4. L-Tryptophan
3
. L
| | | |
0 10 20 30 min
Column : Hydrosphere C18 (5 ym, 12 nm)
150 X 4.6 mml.D.
Eluent : 20 mM KH,PO,
Flow rate : 1.0 mL/min
Temperature 1 37°C
Detection : UV at 210 nm
Injection : 5 L (0.05-1.6 mg/mL)
\d
mRFUHFIR DS
Taurine in nutritious drink
F001115C
1. Taurine
(A) FLS (B) UV
1
1
| | | | | |
0 10 20 min 0 10 20 min
Column : Hydrosphere C18 (5 ym, 12 nm)
150 X 4.6 mml.D.
Eluent : 10 mM KH,PO,-K,HPO, (pH 6.8)/acetonitrile
(85/15)
Flow rate : 1.0 mL/min
Temperature :30°C
Detection 1 (A) FLS at Ex 345 nm, Em 450 nm
(B) UV at 254 nm
Injection 115 L
Sample : OPA derivative




PTC-73/%

PTC-amino acids

PTH-73/8

PTH-amino acids

G910523A K940331A
1. L-Aspartic acid 1. Asp
2. L-Glutamic acid 2. His
18 3. L-Serine 3. Arg
4. Glycine 18 4. Asn
- 5. L-Histidine 5. Glu
6. L-Arginine 16 6. Ser
7. L-Threonine 7. GIn
8. L-Alanine 1415 1920 8. Thr
" 9. L-Proline \( | 9. Gly
¢ 1 e 10. NH, 1’ 10. Ala
7 23| 1 11. L-Tyrosine 10 11. Tyr
4 12. L-Valine 1 12. A-Thr
2 13. L-Methionine 13. Pro
ia 5 14, L-Cystine 345 179 2 14. Met
15. L-Isoleucine 15. val
16. L-Leucine 6)8 16. Trp
17. L-Phenylalanine 17. Phe
18. L-Lysine u ud 18. Lys
o L t b\\ 19. lle
UL LM : : | . . oAt
1 1 1 1 1 | I
1) [u] n @ n Q
i 2 4 & 8 3 8 - - % 5 A
Column : YMC-Pack ODS-AM (5 ym, 12 nm), 250 X 4.6 mmI.D. Column : J’'sphere ODS-H80 (4 ym, 8 nm)
Eluent : A) 60 mM CH;COONa-CH;COOH (pH 6.6)/acetonitrile 250 X 2.0 mml.D.
(94/6) Eluent : A) acetonitrile/THF/300 mM TEAA* (pH 5.1) (10/4/90)
B) 60 mM CH;COONa-CH;COOH (pH 6.6)/acetonitrile B) acetonitrile/THF/300 mM TEAA* (pH 5.1) (75/4/25)
(40/60) 0-30%B (0-15 min), 30-80%B (15-30 min)

0-55%B (0-20 min), 100%B (20-25 min), 0%B (25-35 min)| Flow rate : 0.2 mL/min
Flow rate 1.0 mL/min Temperature 1 50°C
Temperature : 37°C Detection : UV at 270 nm
Detection 1 UV at 250 nm Injection : 30 pL (25 pmol/10 pL)
Injection 15 L (62.5 pmol/uL) *TEAA: triethylamine-acetic acid
Sample : PTC derivatives
NBD-73/8 TLEAFAUELUBEELLEY
NBD-amino acids Glutathione and related compounds
FO01129E P U120218A
1. L-Aspartic acid A) Sample (0.1 mg/mL) 1 o
2. L-Glutamic acid e ”’“%oa
3. L-Asparagine 2 Do
; 107
4. L_S.erm? 3 L-Cysteine
5. L-Histidine ]
6. Glycine 1 2 o |
7. L-Arginine 51 4 ‘..\\%“”
1 8. L-Threonine o°
6 9. Taurine 1 o 3
15 10. L-Alanine 0l o "
11. L-Proline Tl . . , V12021886 L-Cystine
4 1617 12. L-Valine 0 5 10 15 mn
13. L-Cystine
9 14. L-Methionine G o
8 15. L-Isoleucine may B) Blank (solvent solution) oWN ko
10 16. L-Leucine 10 ' et
g 17. L-Phenylalanine Glutathione
11 18. L-Lysine 4 o we
19. L-Tyrosine o~ ©
13 18 y 5 T 5/ T
i
- 0 '—L‘r A T o
| | | | | | | f V T T ) Ulzro'_ﬂ'&?_z'_‘ Glutathione
0 10 20 30 40 50 60 min 0 5 10 15 m disulfide
Column : Hydrosphere C18 (5 ym, 12 nm), 150 X 4.6 mml.D. Column : YMC-Triart C18 (5 um, 12 nm)
Eluent : A) 20 mM KH,PO,-K,HPO, (pH 6.5) 150 X 3.0 mml.D.
B) 20 mM KH,PO,-K,HPO, (pH 6.5)/actonitrile (50/50) Eluent : acetonitrile/water/heptafluorobutyric acid
15-25%B (0-25 min), 25-40%B (25-30 min), (8/92/0.1)
40-65%B (30-50 min), 65-100%B (50-55 min), Flow rate :0.425 mL/min
100%B (55-60 min) Temperature :30°C
Flow rate : 1.0 mL/min (0-25 min), 1.5 mL/min (25-60 min) Detection 1 UV at 220 nm
Temperature : 30°C Injection 12 L
Detection : FLS at Ex 470 nm, Em 530 nm
Injection 120 yL
Sample : NBD derivatives
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Glutathion, oxidized and reduced form
H900710D

1. Glutathione (GSH)

JyTroryIe—
Glycine oligomers G911227B

s 1. Pentaglycine

2. Glutathione disulfide (GSSG) 2. Triglycine
3. Glycine
2
1 3
2
\ \ ! | \ . \
0 10 5 10 15 20 25
Column : YMC-Pack ODS-A (5 pm, 12 nm) Column : YMC-Pack Diol-60 (5 pm)
150 X 4.6 mmiI.D. 500 X 8.0 mml.D.
Eluent : 0.1 M sodium perchlorate in A Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0)/acetonitrile
A) acetonitrile/water/TFA (5/95/0.05) (70/30)
Flow rate : 0.5 mL/min Flow rate :1.0 mL/min
Temperature :30°C Temperature : ambient (24°C)
Detection 1 UV at 220 nm Detection : UV at 215 nm
Injection 110 pL Injection : 20 pL (0.25-2.5 mg/mL)
A — N
TooFTIOOY AR
Angiotensins Insulins
9 G910520A G910522C
4
1.  Angiotensin I 3 1. Insulin (Bovine)
2. Angiotensin Il 2. Insulin (Sheep)
12 5 3. [Asnl, Val]-Angiotensin | 3. Insulin (Human)
4., [Val®]- Angiotensin | 1 4. Insulin (Equine)
3 5.  Angiotensin | 2 5. Insulin (Porcine)
5
\ . ' | | 1 |
10 20 30 10 20 30 40
Column : YMC-Pack ODS-AM (5 ym, 12 nm) Column : YMC-Pack ODS-AM (5 pm, 12 nm)
150 X 4.6 mml.D. 250 X 4.6 mml.D.
Eluent : acetonitrile/20 mM KH,PO, (20/80) Eluent : A) acetonitrile/water/TFA (30/70/0.1)
Flow rate : 0.5 mL/min B) acetonitrile/water/TFA (32/68/0.1)
Temperature :30°C 0%B (0-3 min), 0-100%B (3-25 min),
Detection 1 UV at 220 nm 100%B (25-40 min)
Injection : 8 pL (0.05-0.15 mg/mL) Flow rate 0.6 mL/min
Temperature :30°C
Detection : UV at 220 nm
Injection 15 pL (0.2 mg/mL)




ARy

Insulins

-
Eal ol

P

10 20 30

G910522D

Insulin (Bovine)
Insulin (Sheep)

Insulin (Human)
Insulin (Porcine)

ME~NTFE

Antimicrobial peptides

F120501D
Analytes Sequence Molecular
weight
1. a-Defensin-1 |y cRIPACIAGERRYGTCIYQGRLWAFCC 3,442
(human)
2 o-Defensin2 [ -y cpipACIAGERRYGTCIYQGRLWAFCC 3,371
(human)
3. a-Defensin3 [ 1,y piPACIAGERRYGTCIYQGRLWAFCC 3.486
(human)
mAU_
2
1 3
40
20
o-~J\
0 ' 1 2 3 4 min

Column

Eluent

Flow rate
Temperature
Detection
Injection

: YMC-Pack ODS-AM (5 ym, 12 nm)
150 X 6.0 mml.D.

: A) acetonitrile/0.01 N HCI (28/72)
B) acetonitrile/0.01 N HCI (35/65)
0-100%B (0-60 min)

: 1.0 mL/min

1 30°C

1 UV at 220 nm

: 15 pL (0.25 mg/mL)

Column

Eluent

Flow rate
Temperature
Detection
Injection

: YMC-Triart C18 (1.9 ym, 12 nm)
50 X 2.0 mml.D.
: A) water/formic acid (100/0.1)
B) 2-propanol/acetonitrile/formic acid (50/50/0.08)
10-25%B (0-10 min)
: 0.4 mL/min
1 70°C
1 UV at 220 nm
11 L (50 pg/mL)

RTFE (MW 556-3,465)
Peptides (MW 556-3,465)

R091009C
1. Oxytocin (MW 1,007)
2. Met-Enkephalin (MW  574)
3. Leu-Enkephalin (MW  556)
4. Neurotensin (MW 1,673)
5. y-Endorphin (MW 1,859)
mAU 3 6. B-Endorphin (MW 3,465)
100
1 6
75{ 5 4
50
5
25 L‘
0 -
-25-
0 5 10 15 20 25 min
Column : YMC-Triart C18 (5 um, 12 nm)
150 X 2.0 mml.D.
Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1)
20-45%B (0-25 min)
Flow rate : 0.2 mL/min
Temperature 1 37°C
Detection 1 UV at 220 nm
Injection : 2 pL (0.075-0.25 mg/mL)

RFFE (MW 556-3,465)

Peptides (MW 556-3,465)

N041021C
1. Oxytocin (MW 1,007)
2. Met-Enkephalin (MW  574)
3. Neurotensin (MW 1,673)
4. Leu-Enkephalin (MW  556)
5. y-Endorphin (MW 1,859)
6. B-Endorphin (MW 3,465)
mAU, 2
4
200 1
3 6
1501
100 1 5
501
N |
T T T T T T T 1
0 5 10 15 20 min
Column : YMC-Pack Pro C18 (5 ym, 12 nm)
150 X 4.6 mml.D.
Eluent : A) water/TFA (100/0.05)
B) acetonitrile/TFA (100/0.05)
20-40%B (0-20 min)
Flow rate 1 1.0 mL/min
Temperature 1 37°C
Detection 1 UV at 220 nm
Injection 110 pL (0.075-0.25 mg/mL)




RTFE-LC/IMS
Peptides-LC/MS

RTFE (MW 574-3,465)
Peptides (MW 574-3,465)

H140303A A020808A
5 6
mAU - 1.  BAM-12P (MW 1,425) 8
2.  [D-Ala?, MetS]-Enkephalinamide (MW  587) A) UV 4 1. [Arg®]-Vasopressin
3. Met-Enkephalin (MW 574) ; 2. Bradykinin
4.  [D-Ala?, Met5]-Enkephalin (MW 588) 2 3. Angiotensin Il
80 5. a-Endorphin (MW 1,746) | 4. Oxytocin
6.  y-Endorphin (MW 1,859) 5. Angiotensin |
7. B-Endorphin (MW 3,465) U ‘ “ 6. Leu-Enkephalin
6
607 1 h ‘ ‘ |
4 | Wil
3 7 RO J | U | U 117 W | U
40 0.0 5.00 10.00 15.00 20.00 min
2 35
207 B) MS ‘ 6
0 1 ‘ 4 ‘
| i ‘ |
\ [TV —
L B By B B By B e ! St
0 5 10 15  min A aas st o st At A AR SRS A K50
0.0 5.00 10.00 15.00 20.00 min
Column : Meteoric Core C18 BIO (2.7 um, 16 nm) Column : YMC-Pack Pro C18 RS (5 pm, 8 nm)
150 X 2.1 mml.D. 150 X 2.0 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent : A) water/TFA (100/0.01)
B) acetonitrile/TFA (100/0.1) B) acetonitrile/TFA (100/0.01)
15-55%B (0-15 min), 55%B (15-17 min) 10-35%B (0-15 min), 35%B (15-20 min)
Flow rate 1 0.2 mL/min Flow rate 1 0.2 mL/min
Temperature 1 40°C Temperature :37°C
Detection 1 UV at 220 nm Detection : A) UV at 220 nm, B) ESI positive-mode
Injection 12 L (0.02-0.05 mg/mL) Injection 4 pL (0.05 mg/mL)
Pressure 1 14.9-16.1 MPa (2160-2330 psi)
RTIFE RIFF
Peptides Peptides
P A980827D P A980827C
1. Bradykinin 1. Oxytocin
2. Dynorphin A (Human, 1-13) 2. Met-Enkephalin
3. Eledoisin related peptide 2 3. Leu-Enkephalin
4. Neurotensin 5 4. Angiotensin |
5. Bombesin 3 5. a-Mating factor
4 6. Substance P 4 6. Insulin
1 6
1 5 5
2
3
I S
| | F— B -
| I | I
0 5 10 15 20 min 0 5 10 15 20 min
Column : YMC-Pack Pro C18 (3 um, 12 nm) Column : YMC-Pack Pro C18 (3 pm, 12 nm)

75 X 4.6 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent

B) acetonitrile/TFA (100/0.1)

20-40%B (0-20 min)

75 X 4.6 mml.D.

: A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1)
20-40%B (0-20 min)

Flow rate : 1.0 mL/min Flow rate : 1.0 mL/min
Temperature 1 37°C Temperature 1 37°C

Detection 1 UV at 220 nm Detection : UV at 220 nm

Injection 115 pL (0.05-0.15 mg/mL) Injection 15 pL (0.04-0.15 mg/mL)




J > >
RTFE RIFE
Peptides Peptides
P A000308B P S930909D
1. BAM-12P 6 1. Met-Enkepjalin
2. [D-Ala?, Met®]-Enkephalinamide 3 2. Bradykinin
3. a-Endorphin 2 5 3. Angiotensin Il
4. Met-Enkephalin 4. Leu-Enkephalin
5. [D-Ala?, Met®]-Enkephalin 5. CCK-Octapeptide
1 4 6 6. y-Endorphin 6. Insulin Chain B
5 7. B-Endorphin (Human) 1
4
23 7
e N e—
— L,/ b_‘l J |
L l ‘ ‘ ‘ + 1 1 | |
0 5 10 15 20 min 10 20 30 0
Column : Hydrosphere C18 (5 um, 12 nm) Column : J'sphere ODS-H80 (4 um, 8 nm)
150 X 4.6 mml.D. 150 X 4.6 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent : A) acetonitrile/water/TFA (5/95/0.1)
B) acetonitrile/TFA (100/0.1) B) acetonitrile/water/TFA (40/60/0.1)
20-40%B (0-15 min), 40%B (15-20 min) 20-100%B (0-40 min)
Flow rate : 1.0 mL/min Flow rate 1 1.5 mL/min
Temperature 137°C Temperature 1 37°C
Detection 1 UV at 220 nm Detection 1 UV at 220 nm
Injection 110 pL (0.05-0.1 mg/mL) Injection 140 pL (0.067-0.13 mg/mL)
o > >
RIFFK RTFE (MW 75-5,700)
Peptides i -
P 0940804A e a5700) GI11217A
MW
1. Bradykinin 1. Insulin (Bovine) 5,700
3 2. Met-Enkepjalin 4 2. Neurotensin 1,672
3. Angiotensin IlI 3 3 3. Angiotensin Il 1,040
2 4. Leu-Enkephalin 1 4. Glycine 75
a4
LL SR, | 1 I 1
! ! 10 20 30 40
10 20
Column : J'sphere ODS-H80 (4 pm, 8 nm) Column : YMC-Pack Diol-60 (5 pm)
150 X 2.0 mml.D. 500 X 8.0 mml.D.
Eluent : acetonitrile/water/TFA (20/80/0.1) Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0)
Flow rate 0.2 mL/min containing 0.2 M NaCl/acetonitrile (70/30)
Temperature : 37°C Flow rate : 0.7 mL/min
Detection : UV at 220 nm Temperature : ambient (25°C)
Injection “4 L (34-65 pg/mL) Detection UV at 215 nm
Injection : 25 L (0.07-5.3 mg/mL)




RITFE (MW 75-5,700)
Peptides (MW 75-5,700)

RTFE (MW 75-5,700)
Peptides (MW 75-5,700)

G911217B
3 MW
1. Insulin (Bovine) 5,700
2. Neurotensin 1,672
3. Angiotensin Il 1,040
4. Glycine 75
2
1
4
1 1 1 1
10 20 30 40
Column : YMC-Pack Diol-120 (5 pm)
500 X 8.0 mml.D.
Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0)
containing 0.2 M NaCl/acetonitrile (70/30)
Flow rate 1 0.7 mL/min
Temperature : ambient (25°C)
Detection : UV at 215 nm
Injection : 25 pL (0.07-5.3 mg/mL)

G911217C
MW
1. Insulin (Bovine) 5,700
2. Neurotensin 1,672
3. Angiotensin Il 1,040
4. Glycine 75
2 4

RITFFBEEIUE/98 (MW 4,330-17,000)
Peptides and proteins (MW 4,330-17,000)

10 20 30 40 50 60 70
Column : YMC-Pack Diol-120 + Diol-60 (5 pm)
500 X 8.0 mml.D. X 2
Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0)
containing 0.2 M NaCl/acetonitrile (70/30)
Flow rate 1 0.7 mL/min
Temperature : ambient (25°C)
Detection 1 UV at 215 nm
Injection : 25 pL (0.07-5.3 mg/mL)
o ~ o
RIFFBELVEVIVE
Peptides and proteins
P P HO00606A
1. Met-Enkephalin
5 2. Leu-Enkephalin
3. BSA
6 4. a-Mating factor
5. Insulin
6. Ovalbumin

[y

NO40820A
1. Cytochrome c (Horse heart) (MW 12,400)
2. Insulin (Bovine pancreas) (MW 5,733)
3. Amyloid B-protein (1-40) (MW 4,330)
4. Lysozyme (Chicken egg white) (MW 14,300)
5. a-Lactalbumin (Human milk) (MW 14,100)
6. Myoglobin (Horse skeletal muscle) (MW 17,000)
mAU 1 6
4
150 ] 2
5
100 3
Ll
T T T T T T 1
0 5 10 15 20 min
Column 1 YMC-Pack Cg (5 pm, 20 nm)
150 X 4.6 mml.D.
Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1)
25-60%B (0-20 min)
Flow rate : 1.0 mL/min
Temperature 1 37°C
Detection 1 UV at 220 nm
Injection 110 pL (0.1-0.2 mg/mL)

0 5 10

15 20 25 min

Column : YMC-Pack PolymerC18
150 X 4.6 mml.D.

Eluent : A) acetonitrile/water/TFA (20/80/0.05)
B) acetonitrile/water/TFA (45/55/0.05)
0-100%B (0-30 min)

Flow rate 1 1.0 mL/min

Temperature 1 30°C

Detection 1 UV at 220 nm

Injection 130 pL




RIFFELVE /39 E (MW 556-18,400)
Peptides and proteins (MW 556-18,400)

RNTFEE LV R /3E (MW 4,300-25,700)
Peptides and proteins (MW 4,300-25,700)

F111228A H140219D
1. Oxytocin (MW 1,007) 1 Cytochrome c (MW 12,400)
2. Leu-Enkephalin (MW 556) 2 Insulin ) (MW 5,700)
3. B-Endorphin (MW 3,465) 3 Amyloid B protein (1-40) (MW 4,300)
mAU 4. Insulin (MW  5,733) 4 Llysozyme (MW 14,000)
5. B-Lactoglobulin A (MW 18,400) AU 5 a-Chymotrypsinogen A (MW 25,700)
1
60
2 80 4
123
5
607
40
3 4 40
20 5 201 LL
L 0
0
R R | .
L L B 0 5 10 15 min
00 05 1.0 15 2.0 25 3.0 35  min*
Column : YMC-Triart C18 (1.9 ym, 12 nm) Column : Meteoric Core C18 BIO (2.7 um, 16 nm)
50 X 2.0 mml.D. 150 X 2.1 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1) B) acetonitrile/TFA (100/0.1)
10-80%B (0-5 min) 25-70%B (0-15 min), 70%B (15-17 min)
Flow rate 1 0.4 mL/min Flow rate 1 0.2 mL/min
Temperature 1 70°C Temperature :40°C
Detection 1 UV at 220 nm Detection 1 UV at 220 nm
Injection 11 pL (50 pg/mL) Injection 2 pL (0.05-0.2 mg/mL)
Pressure : 15.8-18.5 MPa (2290-2680 psi) Pressure :12.8-16.1 MPa (1860-2330 psi)

RIFREIYELT -2 ymAS LI & DB MRRES T

High resolution peptide mapping

NO70521H
mAU _
80
60 A
40
*
20
0
0 6 8 10 12 min
* Undigested B-Lactoglobulin B
Column : YMC-UltraHT Pro C18 (2 pm, 12 nm)
100 X 2.0 mml.D.
Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1)
5-50%B (0-12 min)
Flow rate : 0.5 mL/min
Temperature 1 37°C
Detection 1 UV at 220 nm
Injection 1l
Sample : Tryptic digest of B-Latoglobulin B

RIFRRVEL T -HFROBNI-BHHE

Peptide mapping — excellent reproducibility between 5 and 2 ym

NO70629E

my. YMC-Pack Pro C18 (5 pm, 12 nm)
150 X 2.0 mml.D.

0%B (0-5 min),
0-100%B (5-40 min),
100%B (40-45%B)

80

40

NOG0B22B
o] 15 30 45 min

mv. YMC-UltraHT Pro C18 (2 um, 12 nm)
50 X 2.0 mml.D. *

2007 0%B (0-1.65 min),
0-100%B (1.65-13.35 min),
100%B (13.35-15 min)

1001

NOB08111

0 5 10 15 min
* Undigested Cytochrome ¢

Eluent : A) acetonitrile/water/TFA (10/90/0.1)
B) acetonitrile/water/TFA (35/65/0.1)

Flow rate : 0.2 mL/min

Temperature . 37°C

Detection 1 UV at 220 nm

Injection :1 L (5 nmol/mL)

Sample : Tryptic digest of Cytochrome ¢




o ~ o o A o
RIFRIIELY RIFEIVELT
Peptide mappin Peptide mappin
p pping P110707A P ppIng N070629D
Tryptic digest of BSA
mAU -
mAU Peak capacity : 630 80
60 |
409
30 *
20 ]
) hu..'J\_,AQ_L Aad MU‘J!JL.JL\,_JL‘ALJV“LJ“\-\J P L«m_-'ul_,m_,J‘—*—-—
0 77 woetazre
20 0 10 20 30 40 50 60 min
Lysyl endopeptidase digest of BSA
mAU -
10 80 4
u 60
0 40 4
201 K l A’J J { .
j ' ' ' ! ! ! L e 1 R 1 0 S,
0 4 8 12 16 20 24 28 min 0 -—»l‘gﬂ“f_‘ﬁ“’"'_“‘d '“"‘“l‘“““”” U R
0 10 20 a0 40 50 60 min
* Undigested BSA
Column : YMC-Triart C18 (1.9 um, 12 nm) Column : YMCbasic (5 pm)
200 X 2.0 mml.D. (Two coupled 100 X 2.0 mml.D.) 150 X 2.0 mml.D.
Eluent . A) water/TFA (100/0.1) Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.08) B) acetonitrile/TFA (100/0.1)
5-40%B (0-30 min) 5-35%B (0-50 min), 35-45%B (50-55 min),
Flow rate 1 0.4 mL/min 45%B (55-60 min)
Temperature . 70°C Flow rate 1 0.2 mL/min
Detection : UV at 220 nm Temperature . 37°C
Injection 120 pL Detection 1 UV at 220 nm
Sample : Tryptic digest of Bovine Hemoglobin (2.5 nmol/mL) Injection 11l
Pressure : 58.1-61.6 MPa (8430-8930 psi)
A o o A2
RIFEIVEVY RIFETVEVY
i i Peptide mappin
Peptide mapping R eptide mapping NO80623L
mAU _
mAU _
40
60+
50 4
30
i
20 101
20
104
* 10 *
0 .J 0 NO80623L
\III\III‘\II\\III‘\\III\Ill\lll‘\ll\lllll\\II‘III\IIII‘
N0B04228 0 10 20 30 40 50 60 min
L LA s R E R R E R R R R Ea
0 10 20 30 40 50 60 min
* Undigested BSA * Undigested BSA
Column : BioPro IEX QA (5 um) Column : YMC-Pack Diol-120 + Diol-60 (5 pm)
50 X 4.6 mml.D. 500 X 8.0 mml.D. X 2
Eluent “A) 20 mM Tris-HCI (pH 8.6) o Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0)
B) 20 mM Tris-HCI (pH 8.6) containing 0.5 M NaCl containing 0.2 M NaCl/acetonitrile (70/30)
0-15%B (0-30 min), 15-60%B (30-60 min) Flow rate - 0.7 mUmin
Flow rate 0.5 mL/min Temperature : ambient (25°C)
Temperature 125°C Detection UV at 220 nm
Detection 1 UV at 220 nm Injection S5 L
Injection 120k Sample : Tryptic digest of BSA
Sample : Tryptic digest of BSA
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SAJOEVHEY

Peptide fragments from myoglobin

FroAa—Lc

Cytochrome ¢

G911218A G911217D
5 myoglobin fragments 5 1.  Cytochrome c (hexamer)
1. 1-153 (MW 17,000) 2. Cytochrome c (tetramer)
2. 1131 (MW 14,500) 3. Cytochrome c (trimer)
3. 56-153 (MW 10,700) 4.  Cytochrome c (dimer)
4., 56-131 (MW 8,200) 5. Cytochrome ¢ (monomer)
5 155 (MW  6,300)
6. 132-153 (MW 2,500)
34 4
12
3
S 2
1
I ' K ' (-] o @ o @ © @
@ @ @ @ s 3 S b
Column : YMC-Pack Diol-120 (5 ym) Column : YMC-Pack Diol-200 + Diol-120 (5 pm)
500 X 8.0 mml.D. 500 X 8.0 mml.D. X 2
Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0) Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0) containing
containing 0.2 M NaCl/acetonitrile (70/30) 0.2 M NaCl
Flow rate - 0.7 mL/min Flow rate : 1.0 mL/min
Temperature : ambient (25°C) Temperature - ambient (24°C)
Detection UV at 215 nm Detection UV at 215 nm
Injection £ 20 L (2.0 mg/mL) Injection :30 UL (0.2 mg/mL)
*Cyanogen bromide cleavages of horse heart myoglobin. Molecular Weight Marker
for proteins, manufactured by Fulka Chemie AG.
> O
FiOARpENVE BoNHYg
Amyloid B proteins i
yloid B p V1805318 FELETE L171208F02
1. Amyloid B (1-38) (Human) (MW 41,32) .
2. Amyloid B (1-40) (Human) (MW 4,330) 1. Myoglobin (0.73 mg/mL)
3. Amyloid B (1-42) (Human) (MW 4,514) 2. Ribonuclease A (0.75 mg/mL)
4. Amyloid B (1-43) (Human) (MW 4,615) 3.  Lysozyme (0.25 mg/mL)
4.  a-Chymotrypsinogen A (0.25 mg/mL)
Amyloid B (1-43) : mAU
Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-His-His-GIn-Lys- 120 1
Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-Gly-Ser-Asn-Lys-Gly-Ala-lle-lle- E
Gly-Leu-Met-Val-Gly-Gly-Val-Val-lle-Ala-Thr E
100
mAU ] E 3
80 é
807 1 3 E
3 E 4
4 E
o0 ] 2
401 40
204 20 é
SN E ”
0 =
1805318 0 E
T e BB e E
0 g 10 15 20 % il 0.0 25 50 80 min
Column : YMC-Triart Bio C4 (3 pm, 30 nm) Column : BioPro HIC BF (4 ym)
150 X 3.0 mml.D. 100 X 4.6 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent : A) 100 mM NaH,PO,-Na,HPO, (pH 7.0)
B) acetonitrile/TFA (100/0.1) containing 2.0 M (NH,),SO,
25-40%B (0-30 min), 90%B (30-40 min) B) 100 mM NaH,PO,-Na,HPO, (pH 7.0)
Flow rate : 0.4 mL/min 0-100%B (0-4.58 min), 100%B (4.58-6.58 min)
Temperature 1 70°C Flow rate : 1.2 mL/min
Detection 1 UV at 220 nm Temperature 125°C
Injection 14 pL (each 0.1 mg/mL) Detection 1 UV at 280 nm
Injection 115 yL
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BUNDE

Proteins T931029A Proteins B931023A
2 4 2
1 a4
1 1. Ribonuclease A 1. Ribonuclease A
2. Cytochrome c 3 2. Cytochrome ¢
3 3. Lysozyme 3. Lysozyme
4. Myoglobin 4. Myoglobin
! _‘ ' 1
= 2 = 2
hand ]
Column : YMC-Pack ODS-A (5 pm, 30 nm) Column : YMC-Pack C, (5 pm, 30 nm)
150 X 4.6 mml.D. 150 X 4.6 mml.D.
Eluent : A) acetonitrile/water/TFA (5/95/0.1) Eluent : A) acetonitrile/water/TFA (5/95/0.1)
B) acetonitrile/water/TFA (60/40/0.1) B) acetonitrile/water/TFA (60/40/0.1)
30-90%B (0-20 min), 90%B (20-25 min) 30-90%B (0-20 min), 90%B (20-25 min)
Flow rate 1 1.0 mL/min Flow rate : 1.0 mL/min
Temperature 1 37°C Temperature 1 37°C
Detection 1 UV at 220 nm Detection 1 UV at 220 nm
Injection 116 pL (0.16-0.33 mg/mL) Injection 116 pL (0.16-0.33 mg/mL)

A2\98 (MW 12,400-13,700)
Proteins (MW 12,400-13,700)

22398 (MW 12,400-13,700)

Proteins (MW 12,400-13,700)

NO71016E NO071023K
MW AU MW
1. Ribonuclease A 13,700 1. Ribonuclease A 13,700
AU 2. Cytochrome ¢ 12,400 2. Cytochrome ¢ 12,400
3. Lysozyme 14,300 3. Lysozyme 14,300
3
04 3
1 2
05
1
02
J«—,AJ Lu-m\_) K_LJ |, S 0.0
o}
NO71016E NOT1023K
N ! : ! ! -
0 20 40 60 min
Column : BioPro IEX SP (5 ym) Column : BioPro IEX SF (5 pm)
50 X 4.6 mml.D. 30 X 4.6 mml.D.
Eluent 1 A) 20 mM KH,PO,-K,HPO, (pH 6.8) Eluent :A) 20 mM KH,PO,-K,HPO, (pH 6.8)
B) 20 mM KH,PO,-K,HPO, (pH 6.8) B) 20 mM KH,PO,-K,HPO, (pH 6.8)
containing 0.5 M NaCl containing 0.5 M NaCl
0-100%B (0-60 min) 0-100%B (0-4 min)
Flow rate : 0.5 mL/min Flow rate : 1.5 mL/min
Temperature 1 25°C Temperature . 25°C
Detection 1 UV at 220 nm Detection 1 UV at 220 nm
Injection 120 pL (0.5 mg/mL) Injection 120 pL (0.1 mg/mL)




2UNDE

A27398 (MW 14,300-25,700)

Proteins Proteins (MW 14,300-25,700
NO080417W ( ) F111226A
1 1. Ovalbumin
2. Trypsin inhibitor (soybean) mAU 1. Lysozyme (MW 14,300)
2. a-Chymotrypsinogen (MW 25,700)
3. B-Lactoglobulin A (MW 18,400)
mAU 5 60 1
2
40 3
200 Total loading amount
500 ug
N080206B
20
100 250 ug
100 pg
N080207B 0
04 A 50 ug
N0B0206A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
LA RARAN RAAAY RARAS AR LLARD LAALS RALR) RAMAN RAMAS RAALY REBAS 0.0 0.5 1.0 15 2.0 25 3.0 35  min*
0 10 20 30 min
Column : BioPro IEX QA (5 ym) Column : YMC-Triart C18 (1.9 pm, 12 nm)
50 X 4.6 mml.D. 50 X 2.0 mml.D.
Eluent : A) 20 mM Tris-HCI (pH 8.1) Eluent : A) water/TFA (100/0.1)
B) 20 mM Tris-HCI (pH 8.1) containing 0.5 M NaCl B) acetonitrile/2-propanol/TFA (50/50/0.1)
10-80%B (0-30 min) 30-60%B (0-5 min)
Flow rate : 0.5 mL/min Flow rate : 0.4 mL/min
Temperature . 25°C Temperature . 70°C
Detection : UV at 280 nm Detection : UV at 220 nm
Injection 1100 pL Injection 1 pL (250 pg/mL)
Pressure : 27.4-28.4 MPa (3790-4120 psi)

227398 (MW 18,300-45,000)
Proteins (MW 18,300-45,000)

B 1N98E (MW 5,700-66,000)
Proteins (MW 5,700-66,000)

NO41126A V180221B
1. B-Lactoglobulin B (Bovine milk) (MW 18,300) 1. Ribonuclease A (Bovine pancreas) (MW 13,700)
2. B-Lactoglobulin A (Bovine milk) (MW 18,400) 2. Cytochrome ¢ (Horse heart) (MW 12,400)
3. a-Chymotrypsinogen A (Bovine pancreas) (MW 25,700) 3. Insulin (Bovine pancreas) (MW 5,700)
4. Ovalbumin (MW 45,000) 4. BSA (MW 66,000)
5. a-Chymotrypsinogen A (Bovine pancreas) (MW 25,700)
mAU
1 4
] 3 mAl
150 |2 | 5007
| ‘ r ‘ 3
100 | \ N o e 4
‘ 1 2 5
' I ‘ | / 4007
50 | | p
‘ “ | d
| [ 200
0 . — )
a | V1802218
R e e T — A B
0 5 10 15 20 min 0 5 10 15 20 25 min
Column : YMC-Pack C, (5 ym, 30 nm) Column : YMC-Triart Bio C4 (5 um, 30 nm)
150 X 4.6 mml.D. 150 X 3.0 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1) B) acetonitrile/TFA (100/0.1)
40-50%B (0-10 min), 50-90%B (10-15 min), 20-60%B (0-27 min), 90%B (27-35 min)
90%B (15-20 min) Flow rate : 0.4 mL/min
Flow rate : 1.0 mL/min Temperature . 70°C
Temperature :37°C Detection 1 UV at 220 nm
Detection 1 UV at 220 nm Injection 10 pL (0.25-0.50 mg/mL)
Injection 110 pL (0.2-0.3 mg/mL)
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B 1\98 (MW 14,300-77,000)
Proteins (MW 14,300-77,000)

221898 (MW 66,000-96,000)

Proteins (MW 66,000-96,000)

V180221C NO040930G
1. BSA (MW 66,000)
1. Lysozyme (Chicken egg white) (MW 14,300) 2. Conalbumin (Chicken egg white) (MW 77,000)
2. Conalbumin (Chicken egg white) (Mw 77,000) 3. Lipoxidase (Soybean) (MW 96,000)
3. B-Lactoglobulin A (Bovine milk) (MW 18,400)
4. Ovalbumin (MW 45,000)
mAU
1
mAL \
8007 150 1 |
] |,
5007 ! )
100 |
B 3 | 3
4007 2 i [ 1
4
1 50 | *
| | -
200 11 "
| 0 +———— - .
a il W180221C
T T T . e
0 5 10 15 e 25 it 0 5 10 15 20 min
* Impurities in commercial lipoxidase
Column : YMC-Triart Bio C4 (5 um, 30 nm) Column : YMC-Pack C, (5 pm, 30 nm)
150 X 3.0 mml.D. 150 X 4.6 mml.D.
Eluent : A) water/TFA (100/0.1) Eluent : A) water/TFA (100/0.1)
B) acetonitrile/TFA (100/0.1) B) acetonitrile/2-propanol/TFA (50/50/0.1)
20-60%B (0-27 min), 90%B (27-35 min) 30-75%B (0-15 min), 75%B (15-20 min)
Flow rate : 0.4 mL/min Flow rate : 1.0 mL/min
Temperature . 70°C Temperature 1 37°C
Detection : UV at 220 nm Detection 1 UV at 220 nm
Injection :10 pL (0.15-0.60 mg/mL) Injection 110 pL (0.25-1.0 mg/mL)

BNV ESFEI—N—

Proteins for molecular weight marker

BUNYEFFEI—H—

Proteins for molecular weight marker

R

@

28

G911213A

(MW 290,000)
(MW 142,000)

1. Glutamate dehydrogenase
2. Lactate dehydrogenase

3. Enolase (MW 67,000)
4. Adenylate kinase (MW 32,000)
5. Cytochrome ¢ (MW 12,400)

N

@ ©
™ -«

G911214A

(MW 290,000)
(MW 142,000)

1. Glutamate dehydrogenase
2. Lactate dehydrogenase

3. Enolase (MW 67,000)
23 4 Adenylate kinase (MW  32,000)
5. Cytochrome ¢ (MW 12,400)

4

—

|

Column : YMC-Pack Diol-300 (5 pm)
500 X 8.0 mml.D.

Eluent :0.1 M KH,PO,-K,HPO, (pH 7.0) containing
0.2 M NaCl

Flow rate 0.7 mL/min

Temperature : ambient (26°C)

Detection : UV at 280 nm

Injection 15 pL (100 pL/1 vial)

Sample : MW-Marker (HPLC), manufactured by
ORIENTAL YEAST CO., LTD.

@ (] o [~}
- o o™ -
Column : YMC-Pack Diol-200 (5 ym)
500 X 8.0 mml.D.
Eluent 1 0.1 M KH,PO,-K,HPO, (pH 7.0) containing
0.2 M NaCl
Flow rate 1 0.7 mL/min
Temperature : ambient (26°C)
Detection 1 UV at 280 nm
Injection 115 pL (100 pL/1 vial)
Sample : MW-Marker (HPLC), manufactured by
ORIENTAL YEAST CO., LTD.




BONIEFFEI—N—

Proteins for molecular weight marker

1 1. Glutamate dehydrogenase
2. Lactate dehydrogenase

3. Enolase

4. Adenylate kinase

5. Cytochrome ¢

L

G911214B

(MW 290,000)
(MW 142,000)
(MW  67,000)
(MW 32,000)
(MW 12,400)

BUNVEFFER—N—

Proteins for molecular weight marker

1. Glutamate dehydrogenase
2. Lactate dehydrogenase

G911214C

(MW 290,000)
(MW 142,000)

@

28

@
I3

3. Enolase (MW 67,000)
4. Adenylate kinase (MW 32,000)
5. Cytochrome ¢ (MW 12,400)
1
4 s
2 3

1 1 ' 1 1 1

(=~ o o o

o - w o

18
20

Column : YMC-Pack Diol-120 (5 ym) Column : YMC-Pack Diol-120 + Diol-300 (5 pm)
500 X 8.0 mml.D. 500 X 8.0 mml.D. X 2

Eluent : 0.1 M KH,PO,-K,HPO, (pH 7.0) containing Eluent 1 0.1 M KH,PO,-K,HPO, (pH 7.0) containing
0.2 M NaCl 0.2 M NaCl

Flow rate 1 0.7 mL/min Flow rate 1 0.7 mL/min

Temperature : ambient (26°C) Temperature : ambient (26°C)

Detection : UV at 280 nm Detection 1 UV at 280 nm

Injection 15 pL (100 pL/1 vial) Injection 115 pL (100 pL/1 vial)

Sample : MW-Marker (HPLC), manufactured by Sample : MW-Marker (HPLC), manufactured by
ORIENTAL YEAST CO., LTD. ORIENTAL YEAST CO., LTD.
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Worldwide Availability

YMC America, Inc.

www.ymcamerica.com

YMC India Pvt. Ltd.

www.ymcindia.com

YML

YMC Europe GmbH YMC Switzerland LLC
www.ymc.de www.ymc-schweiz.ch
YMC Korea Co., Ltd. YMC Taiwan Co., Ltd.
www.ymckorea.com www.ymctaiwan.com

YMC CO'I LTD. Distributor

YMC Karasuma-Gojo Bldg., 284 Daigo-cho
Karasuma Nishiiru Gojo-dori, Shimogyo-ku
Kyoto, 600-8106, Japan
TEL:+81-75-342-4515 FAX:+81-75-342-4550
www.ymc.co.jp sales@ymc.co.jp

The above information is as of July, 2018 and is subject to change without notice. ©2018 YMC CO,, LTD. All Rights Reserved.

YMC Shanghai Rep. Office

www.ymcchina.com

YMC Singapore Tradelinks Pte. Ltd.

www.ymc.sg

180701DE





