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Compensatory growth in marine diatom Phaeodactylum tricornutum(Bacillariophyceae)after darkness and UV radiation
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Abstract: Compensatory growth, which is refers to the exceptionally fast growth of individuals following a period of reduced growth resulting from suboptimal conditions, has been intensively studied in a wide range of ruminant animals, aquatic animals and higher plants. Up to now, however, there has been little information available on the compensatory growth in marine phytoplankton, the first primary producers in the marine environments and a natural resource containing a high content of bioactive compounds with many industrial applications, mainly because of their microscopic size and methodology limitation. In the present study, the compensatory growth of marine diatom Phaeodactylum tricornutum was investigated after algal cells were exposed to different conditions of darkness and UV radiation by determining cell biomass, chlorophyll a content and protein content in the recovery stage. Our results indicated that the cell biomass of marine Phaeodactylum tricornutum microalga recovered from 0.1 min and 0.8 min radiation was comparatively higher than that without UV radiation through out the experiments, no matter in normal light treatment or 2-day darkness treatment. Besides, returning back to standardized growth condition after algal cells subjected to darkness treatment and UV radiation also tended to have a compensatory effect on the content of chlorophyll a and protein on some days. The results have provided the first demonstration that marine phytoplankton Phaeodactylum tricornutum which previously encountered various stresses of darkness and UV radiation showed compensatory growth if the stresses were relieved, and that the magnitude and duration of compensatory growth would depend on the variations of darkness and UV radiation from which the cells had formerly suffered. These findings could not only contribute to an expanding data concerning the compensatory growth of plant species, but also provide theoretical and technological base for predicting of red tides or for commercial culture of marine microalgae.
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Compensatory growth, or catch-up growth refers to the unusually fast growth of individuals after a period of inhibited growth resulting from restricted food availability, or some other unfavourable environments[1-2]. So far, compensatory growth has been intensively studied in a variety of animal taxa, including mammals, birds, fish species, as well as some higher plants[3-8], which can be classified into three types, namely over-compensation, complete compensation and partial compensation according to the degree of recovery that follows the period of the restricted development[9]. Nevertheless, to date, few studies are available on the compensatory growth in marine phytoplankton[10], the first primary producers in the marine environments driving ocean life. In fact, compensatory growth in phytoplankton is not only of theoretical interest, but may also have applications in the sustainability of natural ecosystems, since they are thought to be responsible for about half of the primary production on our planet[11]. 
In natural ecosystem, phytoplankton cells may be exposed to different light regimes depending on the latitudes or their position in the water column. For example, ice cover in winter in high latitudes or euphotic zone in the water can potentially lead to adverse darkness for some phytoplankton in the oceans[12]. On the other hand, enhanced UV radiation due to ozone depletion has become one of the most serious environmental problems[13], which has been shown to cause severe effects on the marine phytoplankton[14-15]. Thus investigations on the compensatory growth response of phytoplankton in relation to the coupled stresses of darkness and UV radiation are especially necessary in order to elucidate their potential effects on the productivity of the oceans. The marine diatom Phaeodactylum tricornutum is a phytoplankton species that has been widely employed in laboratory research and in industrial production, and it can be served as an important food source and feed additive in the commercial rearing of aquatic animals like shrimp and fish, hence it plays a vital role in the aquaculture around the world[16]. Therefore the current experiment was designed to evaluate the compensatory growth in cell biomass and some important biochemical compositions such as chlorophyll a and protein of Phaeodactylum tricornutum in relation to darkness and UV radiation, thus providing some additionally useful information on the compensatory growth of phytoplankton.

1  Materials & methods

1.1  Plant materials and culture conditions

The marine phytoplankton Phaeodactylum tricornutum, obtained from the Institute of Hydrobiology, Jinan University, Guangzhou, China, has been routinely cultivated under standardized condition at the constant irradiance (5000 lx) and temperature (20 ℃) in a 12 h/12 h (light/dark) photoperiod cycle prior to the experiments. The growth medium was artificial seawater enriched with f/2 enrichment solution for microalgal cultures, which contained macronutrients, trace metals and vitamins[17]. Algal cells in exponential growth phase were used. All glassware and media in the experiments were previously sterilized. Salinity of the artificial seawater was 30‰ and the initial pH of the culture was 6.5~7.0.
1.2  Experimental design and parameter measurement
The experiment lasted for 19 days and comprised the following two stages, namely stressful stage that was composed of darkness treatment and UV radiation, and recovery stage, during which the cells were switched to the standardized condition as above after algal cells were exposed to darkness and UV radiation. Darkness treatment consisted of normal light treatment(N4) and 2-day darkness treatment(D2). For the normal light treatment, the algal cultures were cultivated in artificial seawater added with sterile f/2 medium in a 1000 mL Erlenmeyer flasks containing 600 mL solution and grown in a plant growth chamber for a period of 4 days under the condition as stated before. While for the 2-day-darkness treatment, growth conditions was the same as those for the normal light treatment, except for the irradiance, in which the cells were subjected to darkness for two days before being exposed to normal light condition for another 2 days. Cells that had suffered from different light conditions were collected and inoculated in the same initial density for the UV radiation stage. The UV radiation treatment was provided by UV-B tube(25W, PHILIPS) covered by a film of cellulose acetate to remove all radiation below 280 nm. The fixed distance from the tubes to the algal culture was 40 cm and spectral irradiance was measured with UV spectroradiometer (Beijing Normal University) during the course of the experiments. There were five UV treatments established by exposing the algal cells to UV radiation for 0 min(U0), 0.1 min(U0.1), 0.8 min(U0.8), 2 min(U2) and 5 min(U5), respectively. Thereafter, the cells were returned back to the standardized condition as mentioned above to analyze the compensatory growth of this marine phytoplankton by examining the biomass and some biochemical compositions including chlorophyll a and protein as depicted below. All experiments were carried out on triplicate. During the experimental period, algal biomass was determined using an electronic balance in the lab after a certain volume algal pellet sample was collected and concentrated every three days during the experiment. All the procedures for assaying the content of chlorophyll a and protein in this experiments were referred to the methods as described by Li[18]. 
2  Results
2.1  Changes of cell biomass in Phaeodactylum tricornutum after recovered from different conditions of darkness and UV radiation  

The compensatory growth of biomass in Phaeodactylum tricornutum following darkness and UV radiation through out the experiments was presented in Figure 1. The biomass of Phaeodactylum tricornutum in the recovery stage after being removed from normal light treatment and UV radiation was increased obviously from the 3rd day to the 12th day, after when it gradually dropped down to the end of the experiment, thus exhibiting a “S” shape during the experiment. Besides, the biomass of Phaeodactylum tricornutum after undergone 0.1 min UV radiation was manifestly higher than that without UV radiation, while the biomass of Phaeodactylum tricornutum previously suffered from 2 min and 5 min radiation was somewhat lower than that without UV radiation over time. Likewise, the tendency of biomass in Phaeodactylum tricornutum after recovery from 2-day darkness and UV radiation also displayed a shape similar to “S” across the experiment. The biomass of Phaeodactylum tricornutum recovered from 0.1 min and 0.8 min UV radiation was apparently higher than that without UV radiation in the beginning of the experiment, and there was no significant difference in the biomass of Phaeodactylum tricornutum among UV radiations before the termination of the experiment, whereas the biomass recovered from 5 min radiation was relatively lower than that without UV radiation.
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Fig. 1  Compensatory growth of cell biomass in Phaeodactylum tricornutum after recovered from darkness treatment and UV radiation. Upper figure: cell biomass of Phaeodactylum tricornutum in the recovery stage following normal light treatment and various UV radiations; lower figure: cell biomass of Phaeodactylum tricornutum in the recovery stage following 2-day darkness treatment and various UV radiations
2.2  Changes of chlorophyll a and protein content in Phaeodactylum tricornutum after recovered from different conditions of darkness and UV radiation  
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Fig. 2  Changes in Chlorophyll a content of Phaeodactylum tricornutum after recovered from darkness treatment and UV radiation. Left figure: chlorophyll a content in the recovery stage after cells experienced normal light treatment and varying UV radiation; right figure: chlorophyll a content in the recovery stage after cells suffered from 2-day darkness treatment and varying UV radiation.

The changes of the chlorophyll a and protein content in the recovery stage were illustrated in Figure 2 and Figure 3. Returning back to the standardized growth condition after cells had been subjected to normal light treatment and different UV radiation had a complicated effect on the chlorophyll a, with the highest chlorophyll a content appearing on the 6th day in the radiation of 0.1 min, yet the evidently higher chlorophyll a content was found in the termination of the experiment in the radiation of 0.8 min than that without UV radiation. On the contrary, the highest chlorophyll a content of Phaeodactylum tricornutum in the recovery stage after experienced 2 day darkness and UV radiation was observed on the 9th day, when the chlorophyll a content of Phaeodactylum tricornutum subjected to each UV radiation was higher as compared with that without UV radiation, with the highest chlorophyll a content occurring in the 0.1 min and 2 min radiation. As indicated in Figure 3, the protein content of Phaeodactylum tricornutum after recovered from UV radiation was comparatively higher than that without UV radiation in the last phase of the experiment, with the highest protein content emerging on the 9th day, when the highest protein content was detected in the 0.8 min radiation. Similarly, Phaeodactylum tricornutum in the recovery stage previously exposed to 2-day darkness and UV radiation was found to have distinctly higher protein content in comparison to that without UV radiation, especially 3 days after the recovery of the darkness and UV radiation.
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Fig. 3  Changes in protein content of Phaeodactylum tricornutum after recovered from darkness treatment and UV radiation. Left figure: protein content in the recovery stage after cells experienced normal light treatment and varying UV radiation; right figure: protein content in the recovery stage after cells suffered from 2-day darkness treatment and varying UV radiation
3  Discussion and conclusions
Compensatory growth is a period of super-accelerated growth following a period of suboptimal conditions and it has been considered as an adaptive response of organisms to wide fluctuation of environmental factors[19-20]. Although it has been well documented that compensatory growth is an interesting physiological response in animals after subjected to restricted food supply, or some higher plants after suffered from some imperfect conditions such as defoliation and depleted resource availability[21-22], compensatory growth of marine phytoplankton is poorly understood mostly due to their microscopic size and methodology limitation. As we all known that phytoplankton are playing a particularly important role because they can convert sunlight and carbon dioxide during photosynthesis into organic carbon, forming the basis of marine food chain and reducing the rising carbon dioxide levels in the atmosphere, and hence, the growth degree of marine phytoplankton after recovered from some unfavorable environmental factors might have profound ecological significance. Sometimes, however, some species of marine phytoplankton proliferate so quickly that they may lead to color change of water, which is best known as red tides. Red tides, usually describing the discoloration of water due to the overmuch pigmented cells of algae, have increased in frequency, intensity and geographic distribution during the last decades and have brought many negatively environmental and economic consequences[23-24]. In the present study, we have demonstrated for the first time that marine phytoplankton Phaeodactylum tricornutum which had been previously exposed to various darkness treatments and UV radiations showed compensatory growth in the recovery stage. Besides, the magnitude and duration of compensatory growth were dependent on the variations of darkness and UV radiation from which the cells had formerly suffered(Figure 1). Based on these findings, it is reasonable to hypothesize that the marine phytoplankton might proliferate exceptionally fast if they are returned to the normal climate after encountered a period of unhappy climate. We propose that the degree of such growth should be taken into account for the escalating occurrences of red tides in recent years.
On the other hand, some marine phytoplankton are believed to be a major natural resource rich in a vast array bioactive compounds, such as carotenoid pigments, vitamins, proteins, fatty acids, sterols and polysaccharides, and therefore they are playing a particularly crucial role in the human healthy food, pharmaceutical and cosmetics products, biofuels, as well as aquatic animal feeds[25-27]. For example, the marine diatom Phaeodactylum tricornutum used in the current study is the best and preferred food source and feed additive of many aquatic animals, especially the larvae and spat of bivalve mollusks, penaeid prawn larvae and live food organisms such as rotifers. Consequently, how to obtain larger algal biomass and higher bioactive compounds has long been a key problem challenging the commercialization of microalgae. In the current study, the content of chlorophyll a and protein was sometimes found to be clearly higher in the recovery stage following varying conditions of darkness and UV radiation, depending on the extent of pretreatment(Figure 2 and Figure 3). Hence the recognition that compensatory growth might exist in the biochemical compositions of marine phytoplankton after relieved from some imperfect environmental factors might be beneficial to seeking a new and effective way for the commercial culturing of microalgae and thus exploiture of bioactive compounds from microalgae.
In conclusion, our results extend observation that compensatory growth also exists in the single-celled marine phytoplankton Phaeodactylum tricornutum after environmental stress factors were relieved and that such compensation response is closely related to the variable extent of the stresses which the algal cells previously met with. Hence these findings presented here not only could contribute to an expanding data concerning the compensatory growth of plant species, but also provide theoretical and technological base for predicting of red tides and for commercial culture of marine microalgae. However, much more efforts should be still needed in order to disclose the likely mechanisms involved in the phenomena of compensatory growth in marine phytoplankton by using physiological, biochemical and molecular analysis.
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海洋硅藻三角褐指藻经黑暗与UV辐射后的补偿生长
蔡卓平，危蔚，段舜山*
暨南大学水生生物研究所，广东 广州 510632

摘要：补偿生长是生物体对环境变化的一种适应性反应，主要指生物体遭受到不良环境胁迫后其生长及生理机能受到制约，但当不良环境胁迫解除后，生物体的生长能力会得到不同程度的恢复，表现出相对未受不良环境胁迫生物体超常生长的现象。迄今为止，补偿生长研究的对象主要集中在水生动物、反刍动物和高等植物上，而针对体积微小的海洋浮游植物的研究非常有限。海洋微藻是海洋生态系统最主要的初级生产者，在自然界物质和能量流动中扮演着至关重要的角色；同时，它们可以广泛应用在水产养殖、食品加工、医药保健、环境保护和生物制能等各种行业，具有非常好地开发利用前景。本文利用海洋硅藻三角褐指藻为试验材料，设置黑暗胁迫和UV辐射胁迫处理，着重测定微藻在恢复生长时期的藻生物量，叶绿素a含量和蛋白质含量等指标，探讨经黑暗与UV辐射胁迫后三角褐指藻的补偿生长现象。结果显示，无论是先经正常光照处理还是2 d黑暗处理，UV辐射0.1 min和0.8 min的微藻生物量都明显高于不经UV辐射胁迫的微藻生物量；此外，经过不同程度的黑暗与UV辐射处理后，微藻在恢复生长期的叶绿素a和蛋白质含量在某些特定生长时期中明显高于对照组的叶绿素a和蛋白质含量。结果表明，三角褐指藻对外界环境变化具有适应能力，一旦不良环境胁迫被解除，微藻会表现出一定的补偿生长效应。我们的研究结果不但拓展和丰富了目前补偿生长的研究对象范围，而且还能为当前赤潮的形成、预测和防治提供一个新的研究思路，为有益经济微藻的高效率培养与利用提供理论指导。

关键词：三角褐指藻；补偿生长；黑暗；UV辐射
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0.0220033333

0.0191724074

0.0238816667



biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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Chart14
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D2U0

D2U0.1

D2U0.8

D2U2

D2U5

Culture time/d

Chlorophyll a/(mg•g-1)

14.0670393455
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13.5085160288

14.0761980476

13.1087647081
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42.7326630387

39.998164122

38.1421875287

38.2759492468

32.9436126384

37.6275429939



biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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Protein/(mg•g-1)
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2.0430286107

1.571573809

4.7798571765

7.2933425999
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biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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Chart17
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D2U0

D2U0.1

D2U0.8

D2U2

D2U5

Culture time/d

Protein/(mg•g-1)

11.5417071172

12.6909525674
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14.1508537956

8.4631628185

7.9104918398

6.7431917148

10.771839241

8.9482442011

12.4153442606

18.7526636044

15.4751297455

14.0974389425

15.2198816384

9.3868849559

23.2325697192

18.8082123094

22.2857458813

24.3844480804

21.1921579001

23.771095819

20.876639029

19.7838293616

20.8477276537



biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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Chart13
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Culture time/d

Chlorophyll a/(mg•g-1)
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5.3358648292

2.411934059

2.4452615158

4.3424830149

8.7357641683

9.7886416084

7.8575765036
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16.6431185627

21.948
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13.8609347491

9.2185203701
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13.7471610772

9.0532461994
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11.3127248374

12.7177935925

16.2993572886
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12.6477655258



biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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Chart12
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D2U0.1
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D2U2

D2U5

14.0670393455

17.6692902719

13.8021362077

20.6035691571

13.5085160288

14.0761980476

13.1087647081

14.740253053

17.7205947846

4.2297408845

37.6444691251

39.1876556774

39.3866494978

45.6057726732

19.3251363281

24.6188208936

48.2941940122

39.1449867296

49.7353651554

42.7326630387

39.998164122

38.1421875287

38.2759492468

32.9436126384

37.6275429939



biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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叶绿素mgg
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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7.8575765036
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21.948
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13.8609347491

9.2185203701
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biomass

		g/ml

						1		3		6		9		12		15

		E		N4UV0		0.0162122222		0.0165144444		0.01957		0.0285977778		0.0281377778		0.0261377778

		D		N4UV0.1		0.0166133333		0.0169111111		0.0231444444		0.0314244444		0.0324111111		0.0290044444

		B		N4UV0.8		0.0162377778		0.016368		0.0196211111		0.0288266667		0.0284755556		0.0283155556

		A		N4UV2		0.0148111111		0.0145633333		0.01826		0.0260155556		0.0271906667		0.0239066667

		DUI		N4UV5		0.0139488889		0.0133666667		0.0153944444		0.0235755556		0.0247977778		0.0207977778

						1		3		6		9		12		15

		F		D2UV0		0.0174033333		0.0163103733		0.0251568889		0.0343926667		0.0295345556		0.0230283951

		D		D2UV0.1		0.0154593333		0.0179476667		0.0310193333		0.0388188889		0.0318626667		0.0211450926

		B		D2UV0.8		0.0184255556		0.0212877778		0.0301325556		0.0376177778		0.0320466667		0.0220033333

		A		D2UV2		0.015743		0.0165804444		0.0304724444		0.0327673333		0.0321054444		0.0191724074

				D2UV5		0.0187807778		0.0155786667		0.018561		0.0297517778		0.0302603333		0.0238816667
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蛋白

		

				1		3		6		9		12

		N4U0		3.4275764334		8.7357641683		16.6431185627		9.2185203701		11.3127248374

		N4U0.1		5.3358648292		9.7886416084		21.948		8.696327935		12.7177935925

		N4U0.8		2.411934059		7.8575765036		10.1738046767		13.7471610772		16.2993572886

		N4U2		2.4452615158		2.3878197633		3.6658511102		9.0532461994		17.0531359879

		N4U5		4.3424830149		3.6051225931		13.8609347491		7.0667502722		12.6477655258

				1		3		6		9		12

		D2U0		14.0670393455		14.0761980476		37.6444691251		24.6188208936		39.998164122

		D2U0.1		17.6692902719		13.1087647081		39.1876556774		48.2941940122		38.1421875287

		D2U0.8		13.8021362077		14.740253053		39.3866494978		39.1449867296		38.2759492468

		D2U2		20.6035691571		17.7205947846		45.6057726732		49.7353651554		32.9436126384

		D2U5		13.5085160288		4.2297408845		19.3251363281		42.7326630387		37.6275429939

				横向:对照随浓度增大而推后。黑二随浓度增大而提前但不明显。黑四随浓度大而推后但不明显。

				纵向：总体黑二的叶绿素含量显然>对照和黑四。推测细胞经过适度的黑暗对于紫外胁迫的的适应能力更强。黑暗四天叶绿素含量对照相比不显著。对照组和黑暗两天组都是由低到某一峰值再下落，但黑暗四天受紫外光较弱的组分会有一个再次上扬的点。推测黑四组在后期大量增长了一些较黑二组叶绿素含量不高的细胞。总体随浓度增大，黑二黑四先比对照后，后比对照提前；
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				1		3		6		9		12

		N4U0		2.6453982402		4.7798571765		13.3481267599		14.6301183013		8.6297353234

		N4U0.1		2.65640303		7.2933425999		14.2619980748		18.9964240188		14.5098646689

		N4U0.8		3.0026425517		6.7546798313		17.120146146		22.7462411292		15.6806986051

		N4U2		2.0430286107		3.9277672844		8.9818290396		20.0008634551		12.1262885394

		N4U5		1.571573809		5.862177425		8.3996235218		19.6300844454		14.4106346863

				1		3		6		9		12

		D2U0		11.5417071172		8.4631628185		12.4153442606		9.3868849559		21.1921579001

		D2U0.1		12.6909525674		7.9104918398		18.7526636044		23.2325697192		23.771095819

		D2U0.8		8.4092384842		6.7431917148		15.4751297455		18.8082123094		20.876639029

		D2U2		11.9157681594		10.771839241		14.0974389425		22.2857458813		19.7838293616

		D2U5		14.1508537956		8.9482442011		15.2198816384		24.3844480804		20.8477276537

				横向：对照组的最大值出现在0.8组，黑二组的最大值出现在0.1组，黑四组的最大值出现在0.1组。

				纵向：总体黑二>对照>黑四。对照只受0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑二受0.1分钟紫外辐射影响的组分蛋白质含量超过其它几组；黑四受0.1和0.8分钟紫外辐射影响的组分蛋白质含量超过其它几组。推测受低剂量黑暗和紫外胁迫刺激组会产生一定量的胁迫蛋白来保护藻体，故只受紫外刺激组经一段时间后出现蛋白质含量的峰值，而黑二组先出现一较高值再经一段时间出现最高值。而受较强逆境胁迫的藻液则在淘汰大量不能适应环境变化藻体的同时产生了少量耐受性的藻细胞，故黑四组解除黑暗和紫外胁迫后从最低点要经历一段时间
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