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Freezing water is rapidly fatal to most organisms as it deprives biological 
reactions of the aqueous medium they require due to the formation of ice 
crystals. However, a number of structurally different classes of antifreeze 
proteins (AFPs) allow cold-adapted organisms to survive in a sub-zero 
environment by inhibiting the growth of the ice crystals; phenomenonôs known as 
Thermal Hysteresis (TH) and Ice Recrystallization Inhibition (IRI). In this work, 
we study on the antifreeze activity of short protein fragments (peptides) instead 
of the whole protein and analyse their functional properties. These peptides are 
characterized by several fragments isolated from different regions of type I 
shorthorn sculpin, Myoxocephalus scorpius (SS-3) AFP; namely SC-C, SC-N, 
SC-M and two modified peptides (SC-MM and SC-NM). The peptides were 
predicted by PEP-FOLD to be an amphipathic Ŭ-helix with one face entirely 
composed of Alanine and other hydrophobic residues, assumed to be 
responsible for antifreeze activity. The peptides with more than 90% purity were 
synthesized using solid phase peptide synthesis with immobilized Fmoc-amino 
acids on rink amide resins as a starting point. Their antifreeze activity and 
interactions with water and ice crystals are analysed using osmometry 
techniques. It is shown that only peptide SC-C has no IRI activity, while peptide 
SC-N, SC-M and both modified peptides (SC-MM and SC-NM) have an activity 
of about 25 ï 45% of the native protein activity. These four peptides, which 
exhibit hexagonal shapes of ice crystal morphology in aqueous solution, indicate 
the presence of moderate antifreeze activity. The relationship between peptide 
activity and structure is explored by CD and FTIR spectroscopy. All designed 
peptides show moderate helical content (24-37%) concordant with FTIR results 
due to the presence of amide I at 1650 ï 1658 cm-1 and amide II at 1545 cm-1, 
which are referred to be the characteristic of Ŭ- helices. Peptides SC-MM, SC-M 
and SC-NM demonstrate the highest activity that correlates with helicity content 
and hydrophobicity distribution in their structure. Furthermore, these peptides 
have been proved to be non-cytotoxic on 3T3 cell line with IC50 value >100 
ɛg/mL and have a positive impact on ice crystal growth in ice cream mixes. 
Hence, this approach can create very promising possibilities for developing 
commercial potential peptide with antifreeze activity at a low cost. 
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Pembekuan air akan mempercepatkan kematian kepada kebanyakan organisma 
kerana ia merubah tindak balas biologi di dalam medium akueus yang mereka 
perlukan kesan daripada pembentukan kristal ais. Walau bagaimanapun, 
beberapa kelas protein antibeku (AFPs) yang berbeza dari segi struktur 
membenarkan organisma adaptasi-sejuk untuk terus hidup dalam persekitaran 
sub-sifar dengan menghalang pertumbuhan kristal ais, fenomenon yang dikenali 
sebagai histerisis haba (TH) dan perencatan penghabluran semula ais (IRI). 
Dalam kajian ini, kami mengkaji aktiviti antibeku bagi segmen protein pendek 
(peptida) berbanding keseluruhan protein dan menganalisis fungsi peptide-
peptida tersebut. Peptida ini dicirikan kepada beberapa jenis segmen pada 
kawasan yang berlainan daripada protein antibeku jenis I shorthorn sculpin, 
Myoxocephalus scorpius (SS-3) iaitu SC-C, SC-N, SC-M dan dua peptida yang 
telah diubahsuai (SC-MM dan SC-NM). Peptida-peptida ini telah diramalkan oleh 
PEP-FOLD membentuk Ŭ-heliks ampifatikdengan satu muka sepenuhnya terdiri 
daripada Alanina dan rantaian hydrophobic yang lain, dianggap 
bertanggungjawab untuk aktiviti antibeku. Peptida dengan ketulelenan lebih 
daripada 90% telah disintesis dengan menggunakan sintesis peptida fasa 
pepejal dan FMOC asid amino pada resin amida digunakan sebagai titik 
permulaan. Aktiviti antibeku dan interaksi antara air dan ais kristal telah 
dianalisis dengan menggunakan teknik osmometri. Kajian menunjukkan bahawa 
hanya peptida SC-C tidak mempunyai aktiviti perencatan penghabluran semula 
ais, manakala peptida SC-N, SC-M dan kedua-dua peptida yang telah 
diubahsuai (SC-MM dan SC-NM) mempunyai aktiviti kira-kira 25 - 45% daripada 
aktiviti protein yang asal. Keempat-empat peptida ini mempamerkan kristal ais 
berbentuk heksagon dalam larutan akueus dan ini menunjukkan kehadiran 
aktiviti antibeku tahap sederhana. Hubungan antara aktiviti peptida dan 
strukturnya telah dikaji dengan menggunakan CD dan FTIR spektroskopi. 
Semua peptida yang direka menunjukan kandungan heliks yang sederhana (24 - 
37%) selari dengan keputusan FTIR disebabkan oleh kehadiran amida I pada 
1650-1658 cm-1 dan amida II pada 1545 cm-1 yang menunjukan ciri Ŭ- heliks. 
Peptida SC-MM, SC-M dan SC-NM menunjukan aktiviti tertinggi dan mempunyai 
hubung kait dengan kadar kandungan Ŭ-heliks dan pembahagian hidrofobisiti 
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dalam struktur mereka. Selain itu, peptida ini telah dibuktikan tidak toksik dengan 
nilai IC50 > 100 ɛg/mL dan mampu merencat pertumbuhan kristal ais dalam 
campuran ais krim. Oleh itu, pendekatan ini berpotensi dalam penghasilan 
peptida yang mempunyai aktiviti antibeku untuk dikomersialkan pada kos yang 
rendah. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iv 

ACKNOWLEDGEMENTS 
 
 
In the name of ALLAH, the Most Merciful and Most Beneficent 
 
 
All praises be to Allah, Lord of the universe. Only His grace and mercy this thesis 
could be completed. The completion of this thesis would has been impossible 
without the assistance and direct involvement of so many kindhearted individuals 
including my supervisory committee members of Enzyme and Microbial 
Technology Group (EMTech), laboratory mates, friends and my family. First and 
foremost, I would like to take this opportunity to express my sincere gratitude and 
appreciation to both of my advisers Dr. Bimo Ario Tejo and Professor Dr. Mohd. 
Basyaruddin Abdul Rahman for their continuous guidance, invaluable advices, 
constructive comments and superb tolerance during the course of my work. I am 
also indebted to staff of the Department of Chemistry, UPM and Malaysian 
Genome Institute, MGI for their help and cooperation.  
 
 
Special thanks extended to the members of lab 105 and 401 (Hyzurahidayu, 
Izzuddin, Ahmed, Sharifa, Zalikha, Hajar, Syarelaida, Fong Yen, Cheng Loong, 
Syafinaz, Hawani, Syazwani, Mahashanon, Davendran and Wasiu) who helped 
me in every possible way and providing me a congenial and enthusiastic 
atmosphere in the laboratory. I also would like to acknowledge my thank you to 
the members of microbial lab at Malaysia Genome Institute (Farahayu, Haza 
Fazlin, Azzyati and Fazura) for their precious advices and help throughout the 
duration of my study. Not forgotten, financial support from the Ministry of Higher 
Education (MOHE) through MyBrain15/MyMaster scholarship and a special 
graduate research allowance (SGRA) scheme from the University Putra 
Malaysia by using the Sci-fund AFP research grant are also gratefully 
acknowledged. 
 
 
Finally, I must express my very profound gratitude to my beloved husband, 
Mazrul Ramzi Mokhtar and my son, Muhammad Ammarul Iman. My special 
gratitude goes to my husband for always being supportive and encouraging 
throughout my years of study. In addition, I would like to thank my parents, 
Asmawi Ahak and Fadzillah Man, and my brother, Shamsulizmi Asmawi for their 
prayers, continuous moral support and encouragement during course of my 
research. This accomplishment would not have been possible without them.  
 
 
Thank you again to all. 
 
 

 

 



© C
OPYRIG

HT U
PM

vi 

This thesis was submitted to the Senate of Universiti Putra Malaysia and has 
been accepted as fulfilment of the requirement for the degree of Master of 
Science. The members of the Supervisory Committee were as follows: 
 

Bimo Ario Tejo, PhD 
Senior Lecturer 
Faculty of Science 
Universiti Putra Malaysia 
(Chairman) 
 
 
Mohd Basyaruddin Abdul Rahman, PhD 
Professor 
Faculty of Science 
Universiti Putra Malaysia 
(Member) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

________________________ 
BUJANG KIM HUAT, PhD 
Professor and Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
 
Date: 







© C
OPYRIG

HT U
PM

ix 

TABLE OF CONTENTS 
 

 Page 

ABSTRACT i 
ABSTRAK ii 
ACKNOWLEDGEMENTS iv 
APPROVAL v 
DECLARATION vii 
LIST OF TABLES xi 
LIST OF FIGURES xii 
LIST OF ABBREVIATIONS xiv 
  

CHAPTER      
 

1 INTRODUCTION 1 
     
2 LITERATURE REVIEW 4 
 2.1 Antifreeze Proteins 4 
  2.1.1 Evolution and Diversity of Antifreeze Proteins 4 
  2.1.2 Classification of Antifreeze Proteins 5 
 2.2 Antifreeze Protein Properties 6 
  2.2.1 Thermal Hysteresis 7 
  2.2.2 Ice Recrystallization Inhibition 8 
  2.2.3 Ice Crystal Morphology 9 
 2.3 Proposed Mechanism of Antifreeze Proteins and 

Peptides 
10 

  2.3.1 Lattice Matching and Lattice Occupancy 11 
  2.3.2 Hydrophobic Effect 12 
 2.4 Type I Antifreeze Protein 14 
 2.5 Antifreeze Peptide 14 
 2.5 2.5.1 Design of Ŭ-helical Antifreeze Peptides 15 
  2.5.2 Solid Phase Peptide Synthesis (SPPS) 16 
 2.6 Potential applications of Antifreeze Proteins 18 
  2.6.1 Frozen Food Industry 18 
  2.6.2 Aquaculture and Agriculture 19 
  2.6.3 Medical Application 19 
     
3 MATERIALS AND METHODS 21 
 3.1 Materials 21 
  3.1.1 Chemicals 22 
  3.1.2 Instruments 22 
 3.2 Methods 22 
  3.2.1 Peptide Design 22 



© C
OPYRIG

HT U
PM

x 

  3.2.2 Peptide Synthesis 23 
  3.2.3 Peptide Analysis and Purification 26 
  3.2.4 Peptide Molecular Mass Determination 28 
  3.2.5 Peptide Structure determination  28 
  3.2.6 Activity Assays 31 
  3.2.7 Cytotoxicity Assay 32 
  3.2.8 Ice Cream Experiment 32 
     
4 RESULTS AND DISCUSSION 34 
 4.1 Design of Antifreeze Peptides 38 
 4.2 Synthesis of Antifreeze Peptides 42 
 4.3 Secondary Structures of Antifreeze Peptides 45 
 4.4 Activity Studies of Antifreeze Peptides 50 
 4.5 Toxicity Analysis of Antifreeze Peptides 54 
 4.6 Ice Recrystallization in Ice Cream Mix 55 
     
5 CONCLUSION AND RECOMMENDATION  58 
   
     
BIBLIOGRAPHY  58 
APPENDICES 65 
BIODATA OF STUDENT 75 
LIST OF PUBLICATIONS 76 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xi 

LIST OF TABLES 
 
 
Table     Page 
   
3.1 Sequence of native and designed antifreeze 

peptides 
 

23 

3.2 Chemical ingredients of cleavage cocktails 
for peptide cleavage 
 

26 

3.3 Circular dichroism instrumental paramenters 
 

30 

4.1 Designed peptidesô sequence and the lowest 
conformation energy predicted by PEP-FOLD 
 

35 

4.2 Yield and purity of synthesized peptides 
using SPPS method 
 

45 

4.3 Calculated and obtained molecular weight 
(MW) of the peptides 
 

44 

4.4 Summary of secondary structure estimation 
of the designed peptides calculated by online 
tool 
 

46 

4.5 Position of amide bands depending on the 
secondary structure of protein and peptide 
 

47 

4.6 Mean of ice crystal size in 30% sucrose 
solution containing peptide 
 

55 

4.7 IC50 value of peptides in 3T3 cell lines 56 
 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

xii 

LIST OF FIGURES 
 
 
Figure     Page 
   
2.1 Diversity of AFPs 

 
6 

2.2 Ice recrystallization inhibition assay 
 

8 

2.3 Ice crystal morphology 
 

10 

2.4 A schematic diagram showing the adsorption-
inhibition effect on ice crystal growth 
 

11 

2.5 Representations of the ice-lattice matching and 
ice-lattice occupancy models for AFP ice 
binding 
 

12 

2.6 A schematic diagram showing the hydrophobic 
model of type III AFP 
 

13 

2.7 Helical wheel representation of type I AFPs 
 

15 

2.8 The principle of solid phase peptide synthesis 
(SPPS) method 
 

17 

3.1 A recombinant form of the type I shorthorn 
sculpin (SS-3) antifreeze protein (PDB 
reference IY03) 
 

23 

3.2 Removal of Fmoc protecting group from rink 
amide AM resins 
 

24 

3.3 HPLC mobile phase gradient system used for 
peptide analysis 
 

27 

3.4 HPLC mobile phase gradient system used for 
peptide purification 
 

27 

3.5 HPLC mobile phase gradient system used in 
LC/MS 
 

28 

3.6 Far UV CD spectrum of secondary structures 
of a polypeptide chain (helix, sheet and coil) 
 

30 

4.1 The 3D structure of shorthorn sculpin type I 
antifreeze protein (SS-3) predicted by PEP-
FOLD 
 
 
 

34 



© C
OPYRIG

HT U
PM

xiii 

4.2 The cartoon representation of predicted 3D 
conformation of the designed peptides using 
PEP FOLD and PyMOL 
 

36 

4.3 Cross-section view and helical wheel 
projection of the designed peptides using PEP-
FOLD and PyMOL 
 

37 

4.4 Fmoc-protected rink amide AM resin 
 

38 

4.5 Synthesis of peptide SC-C 
 

40 

4.6 HPLC analysis of peptide SC-N 
 

42 

4.7 Illustration on how incomplete deprotection 
and coupling can produce different peptide 
fragments 
 

43 

4.8 Spectrum of mass spectrometry for peptide 
SC-N 
 

44 

4.9 CD spectrum of SS-3, SC-N, SC-M, SC-C, SC-
MM and SC-NM in deionized water at 4 ęC 
 

45 

4.10 Transmission spectrum of protein from bovine 
serum albumin 
 

48 

4.11 FTIR spectrum of SC-N, SC-M, SC-C, SC-MM 
and SC-NM 
 

49 

4.12 Ice crystal morphology of negative control  
 

50 

4.13 Ice crystal morphology of positive control 
 

51 

4.14 Ice crystal morphology of designed peptides at 
10 mM concentration 
 

52 

4.15 Ice recrystallization inhibition (IRI) assay 
results for designed peptides 
 

54 

4.16 Fibroblast 3T3 cells viability after treated with 
peptide 
 

56 

4.17 Effect of ice structuring peptide in an ice cream 
mix after seven thermal cycles at -14 to -12°C 

57 

 

 

 



© C
OPYRIG

HT U
PM

xiv 

LIST OF ABBREVIATIONS 
 
 
AFGPs Antifreeze glycoproteins 
AFP Antifreeze protein 
Boc Tertiary-butyloxycarbonyl 
DCM Dichloromethane 
DIEA N,N-Diisopropylethylamine 
DMF N,N-Dimethylformamide 
DTT 1,4-Dithiothreitol 
DVB Divinylbenzene 
Fmoc 9-fluorenylmethyloxycarbonyl 
GS-5 Grubby Sculpin antifreeze protein isoform 5 
GS-8 Grubby Sculpin antifreeze protein isoform 8 
HCTU 2-(6-Chloro-1H-benotriazole-1-yl)-1,1,3,3-

tetramethylaminium hexafluorophosphate 
HMM Hidden Markov model 
HOAt 1-hydroxy-7-azabenzotriazole 
HOBt 1-hydroxy-1H-benzotriazole 
IRI Ice recrystallization inhibition 
ISPs Ice structuring proteins 
Kcal Kilocalorie 
kDa kiloDalton 
M Molar 
MTT Microculture tetrazolium 
NMP 1-methyl-2-pyrrolidinone 
PDB Protein data bank 
Psi Per square inch 
PVDF Polyvinylidine Fluoride 
RPMI Roswell Park Memorial Institute medium 
SA Structural alphabet 
SPPS Solid phase peptide synthesis 
SS-3 Shorthorn Sculpin antifreeze protein isoform 3 
tBu Tertiary-butyl 
TH Thermal hysteresis 
THP Thermal hysteresis protein 
TIS Triisopropylsilane 
 
 






















	DESIGN, SYNTHESIS AND ACTIVITY STUDIES OF ANTIFREEZE PEPTIDEDERIVED FROM TYPE I SHORTHORN SCULPIN
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	BIBLIOGRAPHY



