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Effect of Laser and LED on Enzymatic Production of Ceramide
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Abstract The influence of laser irradiation on enzyme activity depends on the wavelength and energy of the light.
The influence of wavelength and energy on enzyme activity is studied systematically, and whether laser and LED
light sources have the same effect on enzyme activity is examined. Phospholipase C is exposed at 0 ~810 J/cm® of
lasers at the wavelength of 532, 808, 1064, 1342 nm and two LED sources at the wavelength of 640 nm and 810 nm

Key words

respectively, and enzyme responses are evaluated by measuring ceramide concentration using high performance thin-
increase in enzyme activity continues for about 4 h after irradiation. The result shows that the duration of enzyme

layer chromatography (HPTLC) after irradiation of 0.5, 1, 2, 3, 4, 6, 17, 24 h. The duration of effect is evaluated

from the experimental data. The enzyme activity can be increased by using either laser or LED source whose

wavelength is located within a certain range, and the effect depends on the energy and wavelength of the light. The
and absorbed energy.

activity change should be included as one of the main laser parameters while reporting the effect of laser irradiation on

enzymes. Besides, laser sources and LED sources have the same effect on enzyme activity with the same wavelength
medical optics; enzyme activity; laser irradiation; ceramide; phospholipase C; hydrolysis; sphingomyelin
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Fig. 1 Diagram of hydrolysis reaction structures. (a)

Ceramide; (b) SM (arrow indicates the bond to
be cleaved in SM for producing ceramide)
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Fig. 7 Time curves of the hydrolysis reactions catalyzed

by the enzyme with and without laser irradiation
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Table 1 Reaction rate with enzyme irradiated by laser and LED with the same energy
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/(pg/mL/Min) 810 nm LED 2.4740.06 3.4340.19 4.62+0. 37 4.62+0.26
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and different energies on activity of enzyme

BEiE X (p=>0.05),
C,

PUAN AR AR B LR A g = = X 1002

T p C R 0 6 IR Ab 215 i A9 BN
Ji . Co 3R7R BA 283 't IR ST Ak G 1) 52 3

AW &, O B XS PLC 3% #: LAk SM K fig
A B 2 I ) 1 R R T B OR TR . S X A4S
Ve AR XTI A ST A5 R AN 10 i 7R 2B PN A B
G (R RE R 2 O 540 T, 346 TR [ K 16
5L RS ) B P R . 2 R R IR i e PR ]
AE T O RS SO TS 1 1) — IR TE R R N R

Relative activity /%
— —_ — [\]
= [«2] 0] (=3
S (=] S (=]

—
Do
(=

T~

1400

—

(=

(=)
T

400 600 800 1000 1200

Wavelength /nm
K10 540 J B4 2540 T A [ 1 S0 BRI X
Vil 9% A ) 52 W)
Fig. 10 Effect of laser irradiations with different

wavelengths at 540 ] energy on activity of enzyme

4 3 e

S 25 R W AE K A BN I LA B O i R v
M PLC &3 — @& WK M BOoteE LED M. 7]
DA S 5 v N B R S RO SR T A —
PR A — 5 B 17K OF B T LS s O M Y
L, Yan G550 IG5 B O %/ B i o —
AALR(NOY B WHERK DL K — &AL /A i (NOS) 1y
SR AT TS LR A5 R R W] 532,632, 8,650 nm
9306 (3 mW, 60 min S B [A]) AT DL 25 42 5 1
T NOS BYTEE . B Y HEBR R BE7E 40 532 nmiok
WG i B4 . HJ2 842 nm A K& 1300 nm 34
JEXEF ML i NOLNOS RL K BP9 ME K ¥ B 0 3%
AR, X sE R TR IR I C fr
B R4 . Silva PV BFSE 7904 nmfY GaAlAs
KT 3 S L A5 R 8 S5 00 O BRAR ) B RE R

0104001-5



H |

# ot

L2 0. 1~0.5 J/cm®, 75 3% >3 ] P X Bl 1 1Y
K . #E Kujawa 6052 [ TAE v, % AR 20 41
i B 23 B A e 37 C I 28 a5 IO
(810 nm,10~400 mW,3. 75~25 J/cm®) B 5} b B
JE ARG HEAT T ESE . AN R B £1 A AR 8 B U
ST LA oA A M AR 2 S Y = B IR IR 1T (ATP) il
P Kilanczyk 28 R Fi 670 nm 30 CRE & 77 &
Sk 19.1,38.2,57.3,76.4,95.5 J/em®) BF 5% H:
XF ATP B v 0 2w, & 3L LA B T A Re 2 7 & 1
WOLEI A LS SIS YA R B T & . RIMEA
ZnPc fELER LT AR 25+ 0 25 ATP BSR40
PREAL . XSO0 R — 3, Jo HOE Re & 7 i
17, HAE T T E T B fE & 57 = KT ATP [ Y e =
B {E . PO BOMOE SR T B R 670 nm YL
ot HJE T A Y RE R R AT LU e ATP il i 1
. XF ATP [ 19 56 2 BF 58 TAESY, tan >R
685 nmif (35 mW,4~50 J/cm?) , BB & ATP fiff ,
TE 4~24 J/cm® R A & 0, ATP i 35 P 3% f AT A
AR BRI, AR R 32~40 J/em® B, ATP
Jig 3 PR T LA R 28265 Y BB & F i A 50 J/em’
B ATP WEPEAR S A AT P2 5 . X R &
MHEE N AE 32~40 J/cm® B, AT DL ATP i
(35 M 8 X AN YE FLE S 6 ATP 3 M9 oA %
AARRBOR . X5 AR B S5 IR — 2.

K AN TR 1 D JR B 52 X PLC 3 P /9 5%
Wi, & PRI K g 808 nm., H1 T 532 nm 4%
)6 T BEHE K T 2006 (640 1 808 nm) , AJ L #k i 43
JEAT RE L LG S G 4 PLC A& M (H R X A JF
WA IR 52 . il g S g, R AL AT DL AR
PLC (3G M, SR M gk e 5 A v L, B b, 4 0 3806
WA W AAE— E N A AT DL X A S 3
FEAS 235 W [l 0 35 ML DE A b R SR A —
FE o PR 1 0 B I e Tl A A

5 % g7

SR FHAS T) 9 1 S 15 B 6k PLC i 4 114 5% i i
TWAM ARG U] T 7838 13 SM K fif 5 Rz A=
2 Tk e 19 S 7 R s BRI S — ) S AT AT
AR S BTG M k. SRR — K E A
(532~1342 nm) 6 U5 HESGF mT LA BH 5 $2 = g 9 1%
P X S 1 R ) S I T O VR A RE i I
Ko PLC 7R 40l a5 B IS, 16 M 42 i Al DA RS K
2y 4 h, X B 45 B R K R AE Tl H R R i — 4
R TH M EME .

5 F X

1 R Polansky, M Haas, A Heschl, et al.. Clinical effectiveness of
photodynamic therapy in the treatment of periodontitis[J]. J Clin
Periodontol, 2009, 36(7): 575—580.

2'S Tumilty, S McDonough, D A Hurley, e al.. Clinical
effectiveness of low-level laser therapy as an adjunct to eccentric
exercise for the treatment of Achilles’ tendinopathy: a randomized
controlled trial[J]. Arch Phys Med Rehabil. 2012, 93(5); 733—
739.

3 Sun Ying, Zhang Xuepeng, Liu Wei. Effect of low energy ALA-
PDT on angiogenesis and glioma growth in brain[J]. Chinese J
Lasers, 2012, 39(8): 0804001.

. KER, X . (KARE ALA-PDT XJ ik 41 208 A= i 45
TR K e B A o L], o B0k, 2012, 39 (8):
0804001.

4 Zhang Meiping, Wang Xiaohua, Shan Yongjie, et al.. Effects of
He-Ne laser and enhanced ultraviolet-B radiation on the isozymes
gene expression of wheat seedlings[ J]. Chinese J Lasers, 2011,
38(5): 0504002.

GRIEFE, F/ANIE, BRAKAS, 5. He-Ne #0006 F13 3 UV-B 48 4 %t
NG R TR R BT P EEOG. 2011, 38(5):
0504002.

5 E Tierney, A Barker, ] Ahdout, e al.. Photodynamic therapy
for the treatment of cutaneous neoplasia, inflammatory disorders,
and photoaging[]]. Dermatol Surg, 2009, 35(5): 725—746.

6 P Agostinis, K Berg, K A Cengel, et al.. Photodynamic therapy
of cancer; an update[J]. CA Cancer J Clin, 2011, 61(4): 250—
281.

7 R J Bensadoun, R G Nair. Low-level laser therapy in the
prevention and treatment of cancer therapy-induced mucositis:
2012 state of the art based on literature review and meta-analysis
[J]. Curr Opin Oncol, 2012, 24(4); 363—370.

8 C Migliorati, I Hewson, R V Lalla, et al.. Systematic review of
laser and other light therapy for the management of oral mucositis
in cancer patients[J]. Support Care Cancer, 2013, 21(1); 333—
341.

9 B Zhao, Y Y He. Recent advances in the prevention and
treatment of skin cancer using photodynamic therapy[J]. Expert
Rev Anticancer Ther, 2010, 10(11): 1797—1809.

10 Li Bin, Chen Gang. Zhang Yuanfang, et al.. Photodynamic
effect of novel photosensitizer chlorophyllin f on bladder cancer
T24 cells[J]. Acta Optica Sinica, 2012, 32(1): 0117002.
4= k. BROWIL SKOTDY . SE. BT RLGHON SRR X R b R
T24 i i e 3 Jy A 45 fE LT ). b % 44k, 2012, 32(1):
0117002.

11 S Murakami, M Kashii, H Kitano, e al.. Effect of laser
irradiation on enzyme activity[ J]. Jpn J Appl Phys, 2005, 44
(11). 8216—8218.

12 E P Chen, P G Soderberg, A D MacKerell, et al.. Inactivation of
lactate dehydrogenase by UV radiation in the 300 nm wavelength
region[ J]. Acta Ophthalmologica, 1933, 71(s208): 185i—191i.

13 Y C K Kenkyusho. Mass Preparation of Ceramide From Fishes
and Shells at Low Costs-Comprises Extracting Sphingomyelin or
Ceramide 2-Aminoethyl Phosphonate and Eliminating Phosphonic
Acid[P]. 1995, Japan Patent 7265089-A.

14 ] W H Smeets, R M D Pater, ] W J Lambers. Enzymatic
Synthesis of Ceramides and Hybrid Ceramides[[P]. 1997, US
Patent 005610040A.

15 E Rochlin. Process for Large-Scale Preparation of Sphingosines
and Ceramides[ P]. 2002,US Patent 646,9148B1.

16 L. Zhang, L I Hellgren, X B Xu. Enzymatic production of
ceramide from sphingomyelin[ J]. J Biotechnol, 2006, 123(1):
93—105.

17 L Zhang, S Liang, L 1 Hellgren, e al.. Phospholipase C-

catalyzed sphingomyelin hydrolysis in a membrane reactor for

0104001-6



[ AN

WOLAN LED Xof il 510 A4 77 4 228 I 1% F) 5% 1)

ceramide production[J]. ] Membr Sci, 2008, 325(2): 895—902.

18 L. Zhang, L. T Hellgren, X B Xu. Kinetic study of sphingomyelin
hydrolysis for ceramide production[ J]. J Mol, Catal B: Enzym,
2008, 51(3): 93—99.

19 H Muller, L L Hellgren, E Olsen, e al.. Lipids rich in
phosphatidylethanolamine from natural gas-utilizing bacteria
reduce plasma cholesterol and classes of phospholipids: a
comparison with soybean oil[J]. Lipids, 2004, 39(9): 833 —
841.

20 Yan Chenzhong, Fan Daping, Zhao Xiaoyu, e al.. Biological
effects of intravascular low level laser irradiation with five
different wavelengths[J]. Appl Laser, 1998, 18(2). 86—88.
PR BOF, RIBEF . AF. TR IR R BE HOG I A AR
B A2 RO L], O . 1998, 18(2) . 86—88.

21 N S Da Silva, J] W Potrich. Effect of GaAlAs laser irradiation on
enzyme activity[ ] ]. Photomed and Laser Surg, 2009, 28 (3):

431—434.

22 J Kujawa, L. Zavodnik, 1 Zavodnik, et al.. Effect of low-intensity
(3.75-25 J/cm?) near-infrared (810 nm) laser irradiation on red
blood cell ATPase activities and membrane structure[ J]. J Clin
Laser Med Surg, 2004, 22(2): 111—117.

23 E Kilanczyk, D Palecz, M Bryszewska. Effect of red laser light
on Nat , K"-ATPase activity in human erythrocyte membranes
sensitized with Zn-phthalocyanine[ J]. J Clin Laser Med Surg,
2002, 20(2): 71—75.

24 H L Santos, C F Rigos, A C Tedesco, e al.. Biostimulation of
Na, K-ATPase by low-energy laser irradiation ( 685 nm,
35 mW): comparative effects in membrane, solubilized and
DPPC: DPPE-liposome reconstituted enzyme [ J]. J Photochem
Photobiol B, 2007, 89(1). 22—28.

EERE % %

0104001-7



